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Reference of Key Terms
This report includes a number of acronyms and phrases commonly used in describing wireless
networking and municipal government structures:2


802.11: this term refers to a set of standards that denote a Wi-Fi network, ranging from
802.11b, the slowest standard, to 802.11ac, currently the fastest standard.3



Advanced Metering Infrastructure (AMI): this term describes devices that automatically
measure, collect, and send meter readings such as electricity usage and other data from the
home or premises back to central entities like utility companies and vice versa.4



Automated Meter Reading (AMR): an older term than AMI, AMR refers to the automated
collection and sending of digital usage information uni-directionally to entities like electric utility
companies.5



Council-Manager Government: this term is a form of local government in which an elected
council hires a city manager to conduct and coordinate the city’s administrative operations.6



Downstream/Upstream: these terms refer to the direction in which data is flowing within a
network. Downloading information from a network to an end user with a device is referred to as
downstream and uploading from a device to a network is considered upstream.7



Kbps, Mbps, and Gbps: referring to kilobits per second, megabits per second, and gigabits per
second, these acronyms are used to detail the rate of data transfer characterizing the speed of a
network.8



Mayor-Council Government and Council-Manager Government: this term is a form of local
government that mirrors the American federal government insofar as the mayor and city council

2

For a more detailed primer on language related to community wireless networks, please see
http://muninetworks.org/glossary/.
3
For more information, please see http://www.pcmag.com/encyclopedia/term/37204/802-11.
4
For more information, please see http://geappliance.esecurecare.net/app/answers/detail/a_id/22/~/what-is-thedifference-between-amr-and-ami-meters%3F.
5
Ibid.
6
For more information, please see
http://icma.org/en/icma/knowledge_network/documents/kn/Document/9135/Forms_of_Local_Government_Stru
cture.
7
For more information, please see http://muninetworks.org/glossary/.
8
Ibid.
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are both elected to serve as the executive and legislative branches, respectively, with the mayor
often holding veto power over the city council.9


Service Set Identifier (SSID): an SSID is the identification associated with an individual network,
which typically is broadcast by the network itself and discoverable by computers.10



Wired-to-Mesh Node Ratio: this ratio compares the number of network nodes directly
connected to the backhaul to the number of nodes that are not. A ratio closer to one-to-one
generally means bandwidth is shared across a smaller geographic area.11

Additional network terms are discussed in Section III, Technical Landscape.

9

For more information, please see
http://icma.org/en/icma/knowledge_network/documents/kn/Document/9135/Forms_of_Local_Government_Stru
cture.
10
For more information, please see http://www.pcmag.com/encyclopedia/term/51942/ssid.
11
For more information, please see http://c541678.r78.cf2.rackcdn.com/appnotes/bpg-wireless-mesh.pdf.
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Executive Summary

C

ommunity wireless networks have garnered renewed interest from municipalities across the
country in recent years. City officials’ motivations for developing networks are varied, from enabling
mobile access to the Internet for city departments to boosting local business zones to helping
bridge the digital divide. This report identifies and analyzes potentially successful community wireless
networks, investigating possible operating and governance structures, documenting benefits of wireless
networks, specifying costs as available, and detailing relevant technical specifications.

I. Introduction
This report offers an examination of select community wireless networks across the country, including
the history, funding, technical specifications, and lessons learned by city and municipal leaders in the
development of each network. The examples provided highlight the possibilities present in the evolving
community wireless environment, but are not comprehensive. This document is intended to be used as
one of several possible resources to support communities in the consideration and development of a
community wireless network.

II. Research Methodology
The networks, and resulting best practices, profiled in this report were chosen according to wider
perceptions of their success by external experts, referrals by stakeholders from each community, and
the degree of their diversity in business model, geography, and uses. Research for the project included:


Interviews: discussions with city officials in each of the 11 communities shed light on that city’s
experience and resulting best practices.



Document Review: relevant internal and public documents regarding each community’s wireless
network were shared and reviewed.



Media Review: recent news articles regarding community wireless for each network were
identified and reviewed.

III. Technical Landscape
Over the course of the past decade, significant progress has been made in improving the hardware
capabilities necessary for community wireless networks. At the same time, costs to cities have been
decreasing dramatically. Potential costs of needed hardware, which include access points, customer
premises equipment, backhaul, point-to-point radios, and software systems, enable cities to consider
community Wi-Fi networks where they may once have been prohibitively expensive.
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IV. Case Studies of Select Community Wireless Networks
Case studies were developed for each of the 11 locations with community wireless networks listed in
the following table. The table summarizes key details of these networks (listed alphabetically);
additional details and sources are available in the full case studies found later in this report.
Summary Table of Case Studies
Geographic Area
Boston, MA

 170 access
points


Corpus
Christi, TX

Accessibility






Minneapolis, 
MN



Speed

Timeframe

Cost

Funding
Structure
 Partial funding
came from
Department of
Housing and
Urban
Development
grant

 Network
 Up to 1 Mbps  Received $20.5  Initial capital
covers an area
million grant in expenses
inhabited by
2011, some of
roughly $6
Largest
30,000
which devoted
million
coverage area
residents
to Wi-Fi
1.5 square
 Annual
miles in the
operating
 Used by
 Network
Grove Hall
approximated
launched in
expenses
neighborhood
7,700 devices
April 2014
roughly
 Remainder
daily with an
$100,000
from general
89 percent
fund
repeat visitor
rate
60 hot zones
 Service covers  Up to 54
 Began in 2002  Initial
 Funded through
with free public about 250,000 Mbps
with a focus on investment
the city budget
Wi-Fi
people
Automated
$7.1 million
 Typical users
Meter Reading
144 square mile  Public Wi-Fi
see 3 Mbps
 Annual
(AMR)
area within the used by
upload and
operating
city limits
approximately download
expenses less
 Fully active in
2,000 devices
2005
than $500,000
1,700 access
per day
points
Covers the
 Roughly
 Between 1
 RFP released in  Estimated
 USI Wireless
entire 59
22,000 people and 6 Mbps
2005
capital
owns and
square miles of subscribe to
investment of
operates the
Minneapolis
the network  USI Wireless  Building began
$20 million by network
is testing
in 2006
USI Wireless
Network
hardware
 City of
supported by
that allows  Network fully  Subscriptions
Minneapolis is
complete in
3,000 wireless
25-40 Mbps
are $19.95 per anchor tenant
2009
devices
month and
modems are
$4.95 per
month
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Geographic Area
Oklahoma
City, OK

 Covers 555
square miles
 1,516 nodes

Ponca City,
OK

Accessibility

Funding
Structure
 Network
 Average of 4  First pieces of  $5.2 million
 Initial capital
provisions
Mbps with a
the network
initial capital
investment
access for city
minimum of
went live in
investment
paid for with
facilities as
512 Kbps
2006
funds from the
 Approximately
well as
Public Safety
$245,000 in
approximately  Aggregate 1.4  Network fully
Capital Tax and
Gbps
operational for annual
1,200 city
City Capital
city
operating
employees for backhaul
Improvement
departments
in
expenses
workforce
Fund
June
of
2008
mobility

 Covers entire  Over 17,500
25 square miles devices
of Ponca City
connect daily
and extends
for free
100 square
miles into
Ponca City’s
electrical
service area
 510 radios

Speed

Timeframe

Cost

 Operating
expenses from
the city’s
budget
 Averages
 Fiber
 Approximately  City originally
between 3
installation
$3.2 million
devoted $4
and 12 Mbps began in 1997
initial capital
million in
with speeds
investment
capital
 Wi-Fi network
up to 25
from internal
investment for
installation
Mbps
department
construction of
began in May
available
fund balances
the network
2008
 300 Mbps
 Maintenance  Operating
backhaul with  Wi-Fi network
costs are
expenses now
launched in
capacity to 1
minimal
funded by
October 2008
Gbps
business
 Residents may subscription to
purchase a
fiber network
modem for
$150 to
 Wi-Fi is free to
strengthen
all
indoor
connection
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Geographic Area

Accessibility

Speed

Timeframe

Port Angeles,  Covers roughly  Currently over  Between 1.5  American
WA
15 square miles 400
and 6.0 Mbps Recovery and
subscribers
downstream, Reinvestment
 239 nodes
and 896 Kbps Act (ARRA)
and 1.2 Mbps funding was
upstream,
received in
depending on 2009
subscription
 Network
 Average
launched in
backhaul of
October 2012
100 Mbps

Richmond,
CA

 Covers a onemile radius in
the Iron
Triangle
neighborhood
of Richmond

 Currently
 Typical
providing
connection
service to
speeds of
approximately roughly 16
400 users per
Mbps
day
 Fed by 40
Gbps
backhaul

Cost





 Two repeating 
towers were
built in May
2013

Funding
Structure
Initial capital  Initial capital
investment of
investment
$3.7 million
funded by $2.6
million from
Annual
ARRA and $1.4
operating
million from the
expenses total city
$90,000
 Operating
expenses
covered by city
funds and
subscriptions
from individual
consumers and
businesses
Initial capital  Initial capital
investment for investment was
the network
funded by
was $50,000
Internet
Archive
Operating
expenses are
negligible

 20 directional 
antennas have
since been
installed
 Users may
purchase
directional
antennas for
$100-$250
each
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Geographic Area

Accessibility

Speed

Timeframe

San
 #SFWiFi is
 Approximately  Average of 10  Between 2007
Francisco, CA available along
3,100 unique
Mbps
and 2010
a 3.1 mile
devices
downstream
public housing
stretch of
connect each
and 5 Mbps
and select
Market Street,
day
upstream
public buildings
in 32 public
were
 Two 1 Gbps
parks and
connected
backhaul
recreation
connections  Additional
centers, at
public spaces,
public housing
including
developments,
Market Street
and at some
and 32 park
public buildings
facilities, were
 770 access
connected
points
between 2013
and 2015
San Jose, CA  Covers a 1.5
 Approximately  Up to 10
 Took 12
square mile
1,000 unique
Mbps per
months to get
area
devices
client
from the
downtown, at
connect at the downtown,
announcement
the airport, and airport daily
at the airport, of the project
at the
and at the
to the go-live
 50,000 people convention
convention
date for the
have access
center
center
network in
downtown
2013
 Backhaul is
through two
10 Gbps
connections

Cost
 Capital
expenses for
the public
spaces
expansion
were $1.4
million
 Annual
operating
expenses are
$120,000

Funding
Structure
 The city funded
part of the cost
of the network
 Private firms
provided cash
gifts and in-kind
donations

 Initial capital  Network is free
investment for for all users and
the network
is funded
was $94,000
entirely by the
municipal
 Continued
government
operating
costs are
$22,000 per
year
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Geographic Area
Santa Clara,
CA

 Available
anywhere
within the city
limits, or 19
square miles
 600 access
points

Santa
Monica, CA

Accessibility

Speed

Timeframe

Cost

Funding
Structure
 Wi-Fi network  Public access  Commercial
 Commercial
 Funded through
dedicates one
capped at 3
public network public network the city-owned
SSID to public
Mbps per
was bought by
was purchased electric utilities
access
user
the city in 2009 for $205,000.
provider
available to
In 2013, a $2
 Usage by
 Utility
the entire
million
electric
utility
upgraded and
Santa Clara
upgrade and
15 Mbps with expanded
population of
expansion
priority
coverage of Wi- enabled a
120,000 plus
access
Fi system in
daily influx of
utility-grade
2013
private
Wi-Fi WAN
 Supported by
workforce and 200 Mbps
that supports
visitors
Advanced
backhaul
Metering
 Separate SSIDs
Infrastructure
support
institutional
 Annual
use by city
operating cost
teams and
around
devices
$200,000

 Approximately
5,000 unique
public users
daily
 32 hotspots
 Approximately  Currently
 Project began  Capital
 Free Wi-Fi
within roughly
3,500 unique
around 1.5
in 2006 with a
expenses have network is
8 square miles
devices use
Mbps, but
pilot
been
funded by
the network
speeds are
approximately offering
 320 access
 Hotspots
daily
being
$500,000
subscriptions to
points
expanded to 23
increased to
businesses for
in 2010, 27 in  Annual
5
Mbps
up
the fiber
 Covers 80
2011,
and
32
operating
and down in
network
percent of
today
expenses are
the first
commercial
approximately
quarter of
corridors
$60,000
2015
 Backhaul
being
upgraded
from 100
Mbps to 1
Gbps
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V. Potential Best Practices
Several potential best practices were suggested by interviewees. This report divides those
recommendations into three categories: community and network goals, implementation, and
administration.
Community and Network Goals


Achieve Consensus on Objectives: interviewees explained the importance of collaboratively
achieving consensus on the goals and objectives of the wireless network during the network’s
development.



Consider the Competitive Environment: interviewees noted that it is necessary for cities to
consider whether network development is feasible and they are ready to enter the competitive
market in their area.



Gather Information from Other Communities: the importance of scanning existing community
wireless networks for models that can be replicated or otherwise learned from was emphasized
by interviewees.



Reflect on City Needs: throughout interviews, city officials indicated the necessity to reflect on
the needs and challenges of the community, including topography and landscape, to ensure that
the network is designed most effectively.

Implementation


Use Existing Infrastructure Where Possible: officials explained that cities should build the
wireless network around existing infrastructure, and should seek to take advantage of existing
infrastructure assets, such as poles and city-owned fiber, to support the network.



Start with a Pilot Project: given the large and delicate nature of deploying a wireless network,
city officials advised piloting wireless in a small part of the city to test the network before
deploying it citywide.



Ensure Adequate Backhaul: the Internet backhaul is a key component of the wireless network
and interviewees highlighted the importance of ensuring that the community has the backhaul
necessary to support the network.



Consider the Wired-to-Mesh Node Ratio: city officials explained the importance of considering
the wired-to-mesh node ratio of the network to ensure that the network has strong enough
connections to reach the intended speeds.
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Leverage the Network: a wireless network can be an important asset for a city, and interviewees
noted the importance and value of utilizing the network beyond its initial purpose and
throughout city departments.



Invest for the Long Term: officials recognized the huge investment of resources required to
develop a network, and stressed the importance of both initial and continued investment in
durable equipment that will ensure the long-term viability of the network.

Administration


Adopt a Sound Business Model: interviewees noted the importance of developing a business
model that supports the sustainability of the network over time, including ensuring feasible
revenue projections in the planning phase.



Work Collaboratively with Partners: the collaborative development of the network with partner
organizations can be mutually beneficial for all parties involved and ensure long-term buy-in and
success, interviewees explained.

VI. Conclusion
This report aims to provide a view of the diverse examples of community wireless implementation in the
United States. Some networks have had more success than others in terms of technical capabilities,
usage, consistency, or other outcomes. Based on these varied experiences, this report is intended to
provide some core insights for municipalities considering the development of a community wireless
network.
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I. Introduction

M

unicipalities across the country have turned to community wireless networks with renewed
interest in recent years. Their reasons for doing so are varied, from enabling mobile access to the
Internet for city departments to boosting local business zones to helping to bridge the digital divide. This
report identifies and analyzes potentially successful community wireless networks, investigating possible
operating and governance structures, documenting benefits of wireless networks, specifying costs as
available, and detailing relevant technical specifications.
To conduct this analysis, Freedman Consulting, LLC, examined key elements of several existing wireless
network models and attempted to derive lessons learned from each implementation through
stakeholder interviews with key leaders as well as through extensive secondary research. The goal of
this analysis was to provide examples of potential approaches to community wireless networks in order
to begin to assess whether promising options exist for replication by other municipalities. Possible
lessons identified by municipal leaders are included at the end of the document.
The examples provided in this document offer a glimpse into the possibilities for the evolving
community wireless environment, but they are not comprehensive. To be sure, a number of other
examples not included in this document, as well as additional research into wireless networks in general,
could shed further light on key issues relevant to municipalities interested in exploring the development
of community wireless networks. This document is intended to be used as one of several tools in a
decision making process. Overall, the case studies included in this document aim to yield best practices,
though it is possible a given network may not be considered a viable model of all aspects for all
networks. Wireless networks in the following jurisdictions are detailed:


Boston, Massachusetts: this network offers an example of a network that is being piloted in
target areas with the explicit aim of addressing the digital divide.



Corpus Christi, Texas: Corpus Christi illustrates a city-funded network that started with the aim
of enabling Automated Meter Reading and was subsequently augmented to include public
access points.



Minneapolis, Minnesota: Minneapolis is an example of a public-private partnership in which the
city of Minneapolis is the anchor tenant.



Oklahoma City, Oklahoma: despite comparatively lower speeds, the Oklahoma City network
covers 555 square miles, larger than the other networks examined in this report.



Ponca City, Oklahoma: Ponca City’s network began initially to enable field communications for
city departments and expanded to provide free access to the public.

Freedman Consulting, LLC
1818 N Street, NW, Suite 450, Washington, DC 20036
P. (202) 506-5069 I F. (202) 506-7967
www.tfreedmanconsulting.com | 14



Port Angeles, Washington: despite a relatively low number of subscribers from the public, Port
Angeles’s network shows the usefulness of a network for city departments.



Richmond, California: the network in Richmond offers an example of an antenna-based technical
model capable of providing speeds that are higher than most other networks examined in this
report.



San Francisco, California: San Francisco’s experience illustrates the ability to learn from prior
attempts to implement a community wireless network while also leveraging potential partners.



San Jose, California: San Jose’s network has been developed in a small number of targeted areas
in the city, illustrating a strategy that may be considered in deploying other networks.



Santa Clara, California: the network in Santa Clara is an example of a city-owned utility acquiring
infrastructure for a wireless network and developing it into a network leveraged by the public
and city departments alike.



Santa Monica, California: Santa Monica offers an example of targeted wireless network
deployment that is funded through business subscriptions to the fiber network.

This document is divided into the following sections:


Research Methodology: this section discusses the research process, including interviews with
city leaders as well as a document and media review. (Section II)



Technical Landscape: this section describes the hardware needed to form a community wireless
network and notes the substantial increase in technical capacity and decrease in costs that cities
see when compared to earlier implementations of networks. (Section III)



Case Studies of Select Community Wireless Networks: this section includes case studies of 11
municipalities with wireless networks of varying models. The case studies provide information
about the history, funding, and technical specifications of each network, and offer lessons
learned by city leaders in the development of the network. The section begins with a summary
table detailing the central components of each wireless network. (Section IV)



Potential Best Practices: this section synthesizes the lessons learned from municipal wireless
implementations according to those involved and provides a series of potential best practices
that could be used as one of many tools to guide a city seeking to install a municipal wireless
system of its own. (Section V)
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II. Research Methodology

T

he information provided in this report is drawn from a significant review of resources that focused
on municipal wireless networks. This research was supplemented by interviews with key city officials
in cities and municipalities that have implemented these networks.
The networks examined were chosen based on a range of factors. Principally, the networks examined
were selected largely according to wider perceptions of their success by external stakeholders. In order
to transcend mere perception, however, stakeholders in each community were surveyed to better
understand the purported goals of the network. In addition, consideration was also paid to selecting a
variety of models, geographies, and uses. Due to the relatively broad scope of the research, further
investigation beyond this report could also prove useful, particularly with regard to specific interests
around model, geography, or objective.
The research conducted for this project was model-agnostic both in reference to the funding structure
and purpose of the wireless network in question. That is, funding structures examined include public
models and public-private partnerships alike, and the motivations behind the networks include city
department access alone, public access alone, and combinations of the two.
Specifically, the research project included the following components:


Outside Interviews: city officials from 11 communities around the country were interviewed.
These conversations focused on the development, implementation, and lessons learned about
the community’s wireless Internet network.



Document Review: a variety of materials about each wireless network studied were reviewed.
These materials included those provided by interviewees as well as those publically available.



Media Review: a range of media resources – including media articles about city’s wireless
Internet systems – were reviewed as part of this research project. This media review further
informed the case studies presented in this report.

The section of this report outlining Wi-Fi’s technical landscape, Section III, was written in collaboration
with an outside expert in the field. Additionally, the city officials interviewed for this report each
reviewed the case study detailing their city’s wireless network, and two external experts reviewed the
report in its entirety to identify areas of potential changes or augmentation.
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III. Technical Landscape

W

ireless equipment today is better, faster, and less expensive than it was in the past, but the
network elements, configurations, and frequencies remain largely unchanged from a decade ago.

Elements of Wi-Fi
Wi-Fi is the technology that facilitates the communication of computers and other devices via radio
frequencies using the Institute of Electrical and Electronics Engineers’ 802.11 standards.12 While this
definition includes many types of devices and networks, a municipal network is typically a fixed wireless
network comprised of the following equipment, services, and systems:


Access Points (APs): APs are wireless radios that broadcast signals that enable a wireless device
to connect to create a direct link to a wired network.13



Customer Premises Equipment (CPE): CPE hardware is the radio or device that transmits and
receives wireless signals from the APs and is the means through which the user is linked to the
Internet. CPEs usually include a home router or switch, either owned by the premise owner or
furnished by the service provider. The CPE connects to the router or switch, as do the computers
owned by the home or premises owner, thereby completing the network connection.14



Backhaul: backhaul is usually a fiber or copper cable-based carrier service provided by a regional
or national company, (e.g. AT&T, Verizon, Comcast, Time-Warner, and CenturyLink) that
connects the wireless network to the main backbone of the network and Internet. A physical
wire or cable connects to a facility on the network where it is plugged into a physical switch. The
electronics in the switch can determine the speed of the service.15



Point-to-Point (P2P) Radios: P2P radios create wireless network links, or bridges, across a
geographic area where there is no fiber or other network connectivity available for connecting
APs.16

12

Vangie Beal, “Wi-Fi,” Webopedia. http://www.webopedia.com/TERM/W/Wi_Fi.html. (accessed February 20,
2015).
13
B. Rosenberg, “WiFi Basics,” University of Miami.
http://www.cs.miami.edu/~burt/learning/Csc524.052/notes/wifi.html. (accessed February 2, 2015).
14
David Blei, “Customer-Premises Equipment,” Princeton University.
https://www.princeton.edu/~achaney/tmve/wiki100k/docs/Customer-premises_equipment.html. (accessed
February 2, 2015).
15
Nick Reese and Duane Anderson, “Cable Broadband Providers in the USA,” Broadbandnow.
http://broadbandnow.com/Cable-Providers. (accessed February 2, 2015).
16
Mai Wi-Fi, “Point-to-Point,” TechnoWiki. https://maitechnowiki.wordpress.com/point-to-point/. (accessed
February 17, 2015).
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Software Systems: throughout the network, a variety of software systems facilitate a given
network’s sales, provisioning, management, customer care, and billing.

Fixed wireless networks are configured with one or multiple P2P radios connected via Ethernet cables to
a switch that is linked to the backhaul provider. The P2P radios connect to each other and to APs via
Ethernet cables plugged into additional Ethernet switches shared by the P2P radios. (Despite what its
name may suggest, there are many wires involved in providing wireless service). The APs then transmit
and receive data through the CPE at the customer site, which is also plugged into another Ethernet
switch. The customer’s computer or home wireless router also plugs into this switch, enabling the
customer to access the Internet.
Mesh wireless networks, alternatively, are comprised of a number of wireless nodes and gateways. Each
device participates in relaying data across the network, and data paths can be dynamic instead of static,
as opposed to a fixed wireless broadband network. A typical mesh network has considerably more APs
than a fixed network does.
In short, in order to access the Internet, a customer’s CPE connects first to an AP, then a P2P radio, then
the backhaul, and finally the Internet. The image on the following page illustrates a potential
permutation of a community wireless network:17

17

“Wireless mesh network diagram” by David Johnson, Karel Matthee, Dare Sokoya, Lawrence Mboweni, Ajay
Makan, and Henk Kotze in “Building a Rural Wireless Mesh Network: A do-it-yourself guide to planning and
building a Freifunk based mesh network, Version: 0.8”
[https://upload.wikimedia.org/wikipedia/commons/4/49/Building_a_Rural_Wireless_Mesh_Network__A_DIY_Guide_v0.8.pdf] is licensed under Creative Commons Attribution-ShareAlike 2.5 Generic
[http://creativecommons.org/licenses/by-sa/2.5/legalcode].
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Figure 1. Wireless Mesh Network Diagram

Radio Frequency
Radio frequency refers to alternating current that enables wireless data transfer through radio waves
propagated from antennae. Radio waves with different frequencies have different distance, penetration,
and bandwidth characteristics. It is important to choose the correct frequency for the intended
application. There are three wireless frequencies currently used to create a municipal wireless network:
5.8 Gigahertz (Ghz), 2.4 Ghz, and, in rural settings where there is a good deal of foliage, 900 Megahertz
(Mhz) radios, which is primarily used as a last resort.18
The P2P equipment is generally in the 5.8 Ghz range, the use of which minimizes local interference and
extends the range and capacity of the link. P2P links in the 5.8 Ghz range can carry up to 40 Mbps

18

”Enterprise Mobility Design Guide,” Cisco.
http://www.cisco.com/c/en/us/td/docs/solutions/Enterprise/Mobility/emob41dg/emob41dgwrapper/ch3_WLAN.pdf. (accessed February 2, 2015).
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effectively for 15 to 20 miles if foliage or structures do not obstruct the signal.19 A wireless service
provider – either a private company or at the municipal level – needs clear line of sight (CLoS) between
two P2P radios for them to be effective—or to link them at all. If CLoS cannot not be secured, the
provider can use a 2.4 Ghz P2P link, though this will limit the amount of bandwidth available, typically to
the 11 Mbps range, and distance, typically to an effectiveness distance of up to five miles. A 2.4 Ghz P2P
link will also suffer from more interference, as this is the most used frequency for wireless today.20
Historically, the APs deployed for a wireless network have been of the 2.4 Ghz variety, which has speed
and reach, or the 900 Mhz variety, which is less speedy and has a less impressive reach but could
penetrate foliage and buildings to deliver anywhere from 500 Kbps to 1.5 Mbps. This speed was
preferable to dial-up options and competitive with satellite Internet.21 Any one site could have between
roughly one and six APs and one and three P2P radios, depending on if it was also being used as a “hop”
to another distant site for additional market reach.

Brief History of Fixed Wireless Infrastructure
Wireless technologies have been in development for approximately one century: wireless two-way
radios appeared in the 1920s, cellular technologies in the 1970s, and satellite communications
technologies in the late 1990s.22 The following firms and technologies have anchored key infrastructure
advancements:


Proxim Wireless: this firm was one of the earliest fixed wireless infrastructure companies with
their 900 Mhz APs and CPE being introduced into the market as early as 1990. Proxim
introduced 2.4 Ghz equipment in 1994.23 This was the favored equipment of early wireless
Internet service providers (WiSPs). It wasn’t until the early 2000s that substantial competition
began to appear with the founding of Tropos Networks.



Tropos Networks: a widely-known name, Tropos Networks provides hardware and software for
deploying and operating large-scale wireless mesh networks. These networks are often owned

19

National Telecommunications and Information Administration, “United States Frequency Allocations,” Office of
Spectrum Management.
http://www.ntia.doc.gov/files/ntia/publications/2003-allochrt.pdf. (accessed February 2, 2015).
20
Jeff Dalton, “A Brief Guide to CLoS,” School of Informatics at the University of Edinburgh.
http://www.aiai.ed.ac.uk/~jeff/clos-guide.html. (accessed February 2, 2015).
21
Jack Schofield, “Who needs dual band Wi-Fi, and other queries,” The Guardian, January 12, 2012,
http://www.theguardian.com/technology/askjack/2012/jan/12/ask-jack-broadband-wi-fi-zip-drove. (accessed
February 2, 2015).
22
“History of Communications,” Federal Communications Commission. http://transition.fcc.gov/omd/history/.
(accessed February 2, 2015).
23
“Proxim Corporate Overview,” Proxim Wireless Corporation. http://www.proxim.com/about-us. (accessed
February 2, 2015).
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and operated by utilities, municipalities, and large commercial entities.24 One of the most
famous networks featuring Tropos hardware is owned and operated by Google in Mountain
View, CA.


Tranzeo: also founded in 2000 was Tranzeo, a company that provides fixed wireless
infrastructure equipment operating in a variety of frequencies, including 900 Mhz, 2.4 Ghz, 5.8
Ghz and WiMax frequencies.25 Tranzeo was one of the favorite vendors of rural WiSPs in the
2000s.



Motorola Canopy: a later entrant to the fixed wireless infrastructure market was Motorola when
they introduced their Canopy equipment in 2002. Canopy equipment was very advanced at the
time and required specific software from Motorola in order for a WiSP to operate the
equipment and achieve maximum performance.



WiMax: commercial WiMax technologies were introduced in 2007 but are being phased out in
the US to the cellular LTE standard. The unlicensed but FCC-registered WiMax frequency of 3.5
Ghz is occasionally used by WiSPs for point-to-point connections as a way to work around
interference in areas where 2.4 Ghz and 5.8 Ghz frequencies experience sizable interference due
to an abundance of radios being deployed.26



Satellite Internet: the Internet satellite industry began in the late 1990s and early 2000s and
today is primarily represented by HughesNet and Wild Blue.

Challenges Facing Wireless Internet
A number of challenges stymied the development of Wi-Fi throughout its earliest days. Most of these
challenges have either been mitigated or otherwise eased relative to the original incarnation of wireless
technology:


Maintaining Physical Infrastructure: the amount of wires and networking required at network
management sites could become extensive in some cases. Some remote or rural sites, for
instance, could create management issues for the service provider, particularly if weather
impeded the ability to access the site.



Frequency Interference: another significant challenge for a service provider would often be the
interference created by the number of radios deployed as well as interference from other site

24

“About,” ABB Tropos Wireless Communication System. https://www.tropos.com/about/about.html. (accessed
February 2, 2015).
25
Tranzeo Wireless Technologies Inc., “Company Profile,” GSA Schedule. http://www.tranzeo.com/profile.php.
(accessed February 2, 2015).
26
“WiMAX Applications for Public Safety,” Federal Communication Commission.
http://transition.fcc.gov/pshs/techtopics/techtopics11.html. (accessed February 2, 2015).
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users.27 Such frequency interference remains a challenge when deploying wireless equipment.
As CPE was deployed, even more self-interference would take place and, in the early days of
wireless Internet development, one additional CPE could be the tipping point between having a
functioning AP or network and a non-functioning one.


Balancing Deployment of CPE: deploying CPE effectively thus became another major challenge
for a service provider.28 More customers may adversely affect a network, challenging the overall
goal of serving a designated number of customers. Finding a balance could be frustrating for
many network administrators.



Unavailability of Software Systems: additional challenges included a dearth of software systems
to assist the Wireless Service Provider in designing, deploying, operating, and running a wireless
business. Often early network call centers were no more than a phone attached to the belt of a
network operator. Billing was often accomplished via Microsoft Excel spreadsheets and Word
documents or in a very sophisticated operation, perhaps using accounting software not tailored
to wireless operations.

These challenges have been largely overcome. In the past decade, advances in physical radio
technology, supporting hardware, the firmware developed by the equipment providers, and software
systems have made deploying and operating wireless networks much more straightforward. Companies
like Ubiquiti Networks, which manufactures, sells, and supports state-of-the-art radio technology at
comparatively low prices, and Powercode, which provides a complete hosted network management,
customer care, and billing system, have taken network administrators into an era where high-speed
wireless networks can be predictable and profitable.29

Costs Associated with Community Wireless Networks
By today’s standards, the wireless network equipment available in the early 2000s was very expensive.
The least expensive pair of P2P radios cost between $1,200 and $2,000, depending on the power and
antenna combination. The least expensive APs cost between $225 and $499, and CPE costs between
$195 and $225.30 Building and operating a fixed wireless broadband network in the early to mid-2000s,
and as late as 2010, was a very expensive proposition and had a return on investment timeline of a
minimum of five years. This timeline would increase if critical equipment malfunctioned or if the
27

“Broadband in Rural Areas,” Federal Communications Commission.
http://www.broadband.gov/rural_areas.html. (accessed February 2, 2015).
28
Richard Chirgwin, “Virtual Customer Premises Equipment,” The Register News.
http://www.theregister.co.uk/2014/07/22/the_global_conspiracy_to_lobotomise_your_router/. (accessed
February 2, 2015).
29
Technology Quarterly, “Case History: A brief history of Wi-Fi,” The Economist. June 10, 2004,
http://www.economist.com/node/2724397. (accessed February 2, 2015).
30
Bureau of Labor Statistics, “Annual Average Indexes 2000,” Division of Costumer Prices and Price Indexes.
http://www.bls.gov/cpi/cpid00av.pdf. (accessed February 2, 2015).
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network administrator failed to capitalize the software expense separate from the network expense.
This cost structure contributed at least in part to a decrease of wireless networks: of the over 4,000
WiSPs in existence in 2000, about half remain today.31
In a relatively short period of time, however, the cost of fixed wireless broadband networking
equipment has dropped significantly while its performance has improved dramatically. As an example, a
small fixed wireless broadband network might have two P2P radio pairs and six APs serving 120
customers. The table below lists potential costs for each item in 2009 and 2015, illustrating the decrease
in costs:32
Item
Two P2P Radio Pairs
Six APs
120 Customer Premises
Equipment
Total

Estimated 2009 Cost
$2,400
$1,350
$23,400

Estimated 2015 Cost
$600
$570
$9,000

$27,150

$10,17033

In six years, the sample cost of a network with the same specifications has decreased by well over half
while its performance has likely doubled.
Similar decreases can be seen in network software. Better software than what might have cost a service
provider over $1 million to develop and deploy in the mid-2000s is now available through Software-as-aService. Such a service might have a one-time set-up fee of $3,000 or less and a per customer per month
charge in the $1.00 range on a sliding scale that goes down as customer count goes up, meaning
administrators only pay for what they use.34
Determining where and how to build, deploy, and operate a fixed wireless broadband network is
significantly less expensive, easier to manage and better performing than it was just a few years ago.
The hardware and software available today make owning and operating a profitable fixed wireless
broadband network more achievable than at any other time in wireless’s relatively short history,
creating opportunities for network owners across the country.

31

Office of Technology and Electronic Commerce, “Internet Service Providers,” U.S. Department of Commerce.
http://web.ita.doc.gov/ITI/itiHome.nsf/5713559d82a954b085256cc40075a766/6b84a7ae56cbf46585256cc40077e
df3?OpenDocument. (accessed February 19, 2015).
32
These costs are approximated based on experience in the field and prices from Streakwave, a wireless hardware
distributor. For pricing examples, please see http://www.streakwave.com/items.asp.
33
“A Broadband Network Cost Model,” Federal Communications Commission. http://transition.fcc.gov/nationalbroadband-plan/broadband-network-cost-model-paper.pdf. (accessed February 2, 2015).
34
These costs are approximated based on experience in the field.
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IV. Case Studies of Select Community Wireless
Networks

T

his section is intended to offer a broad landscape of several models of community wireless networks
being implemented in the United States. These models all employ a version of a community wireless
network, though the business model and user groups differ among the models. In addition to concise
descriptions of key details of the wireless network and data regarding the community in question, each
case study includes the following subsections:


History: this subsection details the community’s experience with municipal wireless, including
the provenance of the network.



Business Model: this subsection describes the relationships and partnerships involved in funding
the wireless network.



Management: this subsection notes the management structure of the network, particularly
related to current operational upkeep.



Technical Specifications: this subsection describes the tools and hardware used to support and
enable the network.



Steps to Launch: this subsection details the steps taken to usher the network in its current
iteration from conceptualization to completion.



Lessons Learned: this subsection offers potential lessons that may be derived from the
development of the network based on conversations with city officials.

These case studies were chosen after preliminary research into successful examples of community
wireless networks. This research included an initial survey of materials as well as outreach to a small
number of community wireless experts. While the case studies collectively were chosen to provide
useful insight into potential best practices, not all elements of each case study would necessarily be a
model for other networks to be built in the future. Additional research into other community wireless
models may also prove useful for municipalities exploring community wireless networks as an option.
The communities below are included in this review. All include interviews with one or more key city
stakeholders:


Boston, Massachusetts



Corpus Christi, Texas
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Minneapolis, Minnesota



Oklahoma City, Oklahoma



Ponca City, Oklahoma



Port Angeles, Washington



Richmond, California



San Francisco, California



San Jose, California



Santa Clara, California



Santa Monica, California

Each case study includes basic information on the municipality to which it refers, including population,
population density, government structure, and annual budget. This information does not include
individualized citations, though the content is derived from 2013 and 2014 figures from the Census
Bureau, City-Data.com, and government websites.
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Boston, Massachusetts
Boston’s Wicked Free Wi-Fi is a mesh network of 170 access
points that has gradually expanded over time. The free Wi-Fi
relies on the city’s fiber network to cover a variety of public
places and the low-income Grove Hall neighborhood.35

History
The idea of free public Wi-Fi was first discussed in Boston in
2006, but did not gain traction until a Department of Housing
and Urban Development (HUD) grant in 2011 that devoted
money to redevelopment projects. After a number of years of
planning, the project began in 2014 with the installation of a
network in the low-income neighborhood of Grove Hall. 36
The original goal of the network was to provide Wi-Fi services in
areas where the public congregates – like parks and schools –
while also working to close the digital divide, according to Dan
Rothman, Boston’s Chief Technology Officer.37 This initial
installation included approximately 70 access points.38 With a
population of 30,000, Grove Hall demonstrated the demand for
a municipal network as more than 7,700 people began using the
service daily with 89 percent of visitors using the service again.39
Additionally, the city has begun marketing the network and
Rothman said, “I think we have the ability to increase utilization
dramatically.”

Key Details
Geographic Area: 170 access points, with
the largest covering 1.5 square miles in
the Grove Hall neighborhood.
Accessibility: The network covers an area
inhabited by 30,000 residents and is used
by approximated 7,700 devices daily with
an 89 percent repeat visitor rate.
Speed: Users see up to 1 Mbps.
Timeframe: The earliest mention of plans
for a blanket Wi-Fi network emerged in
2007. In 2011, Boston was given a $20.5
million federal grant, and the network
launched in April 2014.
Cost: Initial capital expenses were
roughly $6 million and annual operating
expenses are roughly $100,000.
Funding Structure: Partial funding came
from a Department of Housing and Urban
Development grant, with the remainder
coming from the city’s general fund.

35

Robert Weisman, “Technology, funding gap slow Hub’s Wi-Fi Effort,” Boston.com. Nov. 6, 2007,
http://www.boston.com/business/globe/articles/2007/11/06/technology_funding_gap_slow_hubs_wifi_effort/?p
age=full. (accessed July 21, 2014).
36
Interview with Dan Rothman, Chief Technology Officer of Boston. July 2, 2014; and Esme Vos, “Boston launches
free wireless service,” MuniWireless. April 9, 2014, http://www.muniwireless.com/2014/04/09/boston-launchesfree-wifi-service/. (accessed July 21, 2014).
37
Interview with Dan Rothman, Chief Technology Officer of Boston. July 2, 2014.
38
Michael Farrell, “Boston Spreads Free Wi-Fi Hotspots,” Boston Globe. April 9, 2014,
http://www.bostonglobe.com/business/2014/04/08/boston-launches-wicked-free-network-starting-grovehall/m3JI6hmWTCvQa8Ca4ZrLuK/story.html. (accessed July 21, 2014).
39
News Staff, “Boston launches Wicked Free Wi-Fi,” Government Technology. April 9, 2014,
http://www.govtech.com/network/Boston-Launches-Wicked-Free-Wi-Fi.html. (accessed July 21, 2014).
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Public Wi-Fi has also recently been installed in many of Boston's downtown locations and other
neighborhoods in an attempt to promote economic development in small business districts.40 These
neighborhoods and locations currently include Grove Hall, Roxbury/Dudley, Allston, Boston Common,
Charlestown, City Hall, Rose Fitzgerald Kennedy Greenway, Faneuil Hall, Dorchester, Hyde Park, and
South Boston.41 The city's fiber network – BoNet, which Boston is focusing on expanding – supports the
Wi-Fi Internet connection in public areas.42 The city also has plans to expand the free public Wi-Fi
network with an additional 130 access points.43
Despite its wide reach and lofty plans for the future, the public Wi-Fi in Boston is just a small part of a
larger Internet service—the vast majority of which services schools. Within the city, around 75,000
residents are serviced by the municipal Internet infrastructure. Said Rothman, “the public Wi-Fi load is a
small blip within the already robust Internet traffic.”44

Boston City Facts
Population: 645,966
Population Density: 13,340 per square
mile

Business Model
HUD, through its Choice Neighborhoods program, awarded a
$20.5 million grant to the city in 2011. Of this sum, $300,000
was set aside to provide wireless Internet for the Grove Hall
area.45 According to Rothman, the implementation of the entire
wireless network cost around $6 million, and the city spends

Government Structure: Mayor-Council
Annual Budget: $2.6 billion

40

Interview with Dan Rothman, Chief Technology Officer of Boston. July 2, 2014.
Mayor’s Office, “Mayor Walsh announces ‘Wicked Free Wi-Fi,’ Boston’s Public Wireless Network,” City of Boston.
April 10, 2014, http://www.cityofboston.gov/news/default.aspx?id=6597. (accessed August 4, 2014).
42
Alicia Winton, “Boston launches Wicked Free Wi-Fi, closes digital divide,” The Daily Free Press. April 13, 2014,
http://dailyfreepress.com/2014/04/13/boston-launches-wicked-free-wi-fi-closes-digital-divide/. (accessed July 21,
2014); interview with Dan Rothman, Chief Technology Officer of Boston. July 2, 2014; and Mayor’s Office, “Mayor
Walsh announces ‘Wicked Free Wi-Fi,’ Boston’s Public Wireless Network,” City of Boston. April 10, 2014,
http://www.cityofboston.gov/news/default.aspx?id=6597. (accessed August 4, 2014).
43
Alicia Winton, “Boston launches Wicked Free Wi-Fi, closes digital divide,” The Daily Free Press. April 13, 2014,
http://dailyfreepress.com/2014/04/13/boston-launches-wicked-free-wi-fi-closes-digital-divide/. (accessed July 21,
2014).
44
Interview with Dan Rothman, Chief Technology Officer of Boston. July 2, 2014.
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Esme Vos, “Boston launches free wireless service,” MuniWireless. April 9, 2014,
http://www.muniwireless.com/2014/04/09/boston-launches-free-wifi-service/. (accessed July 21, 2014); and
News Staff, “Boston launches Wicked Free Wi-Fi,” Government Technology. April 9, 2014,
http://www.govtech.com/network/Boston-Launches-Wicked-Free-Wi-Fi.html. (accessed July 21, 2014).
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$100,000 per year on maintenance.46 The service is free for users, though gambling and pornography
sites are prohibited.47

Management
The city of Boston is the sole administrator of Wicked Free Wi-Fi. The city’s Department of Innovation
and Technology is responsible for the project’s ongoing expansion and maintenance.48 The city does,
however, contract out some of the maintenance and support work to private companies, Rothman
explained.49 The city uses CA Spectrum, Cacti, and Fluke NetFlow software for network management.50

Technical Specifications
Currently, there are 170 access points throughout the Boston metropolitan area, and the city is
continuing to install additional radios, hoping to expand this number to 300.51 As reported by Rothman,
none of the access points are indoors.52

Steps to Launch
Boston was able to implement Wicked Free Wi-Fi with few challenges, Rothman indicated.53 The city
used its existing high-speed fiber network (BoNet) as backhaul for the Wi-Fi network.54 Additionally, the
$20.5 million HUD grant, and its $300,000 allocation for closing the digital divide, facilitated the
installation of access points in Grove Hall, helping the project to launch.55
When deciding where the network would be located, the city had to be strategic in thinking about
where backhaul was available. Rothman explained, “You may want to light up many locations, but you
have to spend a lot of money to run fiber to one specific place. There are costs associated with the
46

Interview with Dan Rothman, Chief Technology Officer of Boston. July 2, 2014.
News Staff, “Boston launches Wicked Free Wi-Fi,” Government Technology. April 9, 2014,
http://www.govtech.com/network/Boston-Launches-Wicked-Free-Wi-Fi.html. (accessed July 21, 2014).
48
Alicia Winton, “Boston launches Wicked Free Wi-Fi, closes digital divide,” The Daily Free Press. April 13, 2014,
http://dailyfreepress.com/2014/04/13/boston-launches-wicked-free-wi-fi-closes-digital-divide/. (accessed July 21,
2014); and City of Boston Staff, “About the Department of Innovation and Technology,” City of Boston.
http://www.cityofboston.gov/DoIT/about/. (accessed August 4th, 2014).
49
Interview with Dan Rothman, Chief Technology Officer of Boston. July 2, 2014.
50
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April 10, 2014, http://www.cityofboston.gov/news/default.aspx?id=6597. (accessed August 4, 2014).
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availability of backhaul, and in some cases we chose to take the low-hanging fruit. We will expand our
Wi-Fi network as we expand our fiber network.”56

Lessons Learned
Rothman conveyed the following lessons in the implementation of Boston’s Wi-Fi network:


Leverage Existing Infrastructure: Rothman suggested leveraging existing infrastructure in order
to incur minimal cost and maintenance fees and create a sustainable and realistic free service
model. “You can create a sustainable, free service model that is realistic if you leverage your
infrastructure,” Rothman said, stating that the city is “using city buildings and a fiber network to
support this stuff.”57



Manage Expectations: it is important to manage expectations, Rothman advised. “We have not
had a lot of citizens overwhelming us with administrative demands because we’re cautious
about communicating what the service is,” Rothman said, continuing, “It is a public space. It is
an as-available service.”58



Be Flexible: Rothman noted that there are many variables that a city must take into account
when developing wireless networks. Rothman explained that a city “can’t design a network on
the first go around. In order to be successful, the city will have to take a couple of passes and go
through an iterative process.”59

56

Interview with Dan Rothman, Chief Technology Officer of Boston. July 2, 2014.
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Corpus Christi, Texas
The Corpus Christi wireless network was developed primarily to
enable Automated Meter Reading (AMR) for water and gas
meters for 250,000 people. It has now expanded to provide
approximately 60 Wi-Fi hot zones around the city.60

History
The project began in 2002 originally as an initiative to read gas
and water meters electronically throughout Corpus Christi, and
was prompted by a dog attack on a human meter reader,
according to Michael Armstrong, Chief Information Officer of
Corpus Christi.61 In addition to an initial investment of $7.1
million, the city invested $20 million into the technological
development of AMR in the area. This involved the construction
of 120,000 water and gas meters and a Wi-Fi service for those
meters, spanning 144 square miles of the city.62
In developing the Wi-Fi network, automated data collection had
a number of benefits for the city in that it eliminates the costs
associated with hiring for manual meter reading and allows for
close monitoring of water and gas usage—meters can be
checked online as frequently as required, rather than in person.
City officials are also able to monitor gas and water
consumption history, allowing the city the opportunity to limit
its usage of resources as prices fluctuate.63 In these two ways,
the government reduces spending on resources, thereby

Key Details
Geographic Area: Wi-Fi spans a 144
square mile area through 1,700 access
points within the city limits, with
approximately 60 hot zones with free
public Wi-Fi.
Accessibility: Service covers about
250,000 people and free public Wi-Fi is
used by about 2,000 devices per day.
Speed: The network supports up to 54
Mbps, though typical users see 3 Mbps
upload and download speeds.
Timeframe: The project began in 2002
with a focus on Automated Meter
Reading (AMR) and the network became
fully active in 2005.
Cost: The initial investment was $7.1
million and the network has less than
$500,000 in annual operating expenses.
Funding Structure: The network is funded
through the city’s budget.
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Esme Vos, “Corpus Christi, Texas muni Wi-Fi welcomes Spring Break,” MuniWireless. March 30, 2010,
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recovering its investment in constructing the network for AMR. The electronic reading is also safer,
more convenient, and more precise, Armstrong said.64
In 2005, three years after the initial investment, it became clear that the bandwidth of the network
exceeded that needed for AMR, prompting the idea of hosting public Wi-Fi at points throughout the city,
called ConnectCC.65 Currently, the city sponsors approximately 60 hot zones that enable free public WiFi, said Armstrong.66
Through the Wi-Fi network, the city of Corpus Christi is also able to facilitate significant interdepartmental collaboration in government. Armstrong indicated that the network has enabled a variety
of services, including Internet access at schools, virtual desktops for city workers, and tidal monitoring.67

Business Model
Capital and operating expenses are covered by the city of Corpus Christi. In total, the city spent roughly
$20 million to construct the technology necessary to automate meter reading and make this service
available over a Wi-Fi network.68 This is in addition to an initial
Corpus Christi City Facts
investment of $7.1 million to build the Wi-Fi network, as well as
Population: 316,381
a subsequent $1.5 million investment for the construction of
multichannel capabilities, according to Armstrong.69 Annually,
Population Density: 1,900 per square mile
the city spends less than $500,000 on network maintenance for
both the AMR and free public Wi-Fi maintenance.70 In the 20
Government Structure: Council-Manager
years following installation, the AMR system is projected to
Annual Budget: $764 million
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save the city approximately $30 million that would have been spent on manual meter reading.71

Management
In the beginning stages of network construction, the city hired Public Technology Inc. (PTI) to consult on
the project and its development.72 PTI was responsible for developing the specifications for the network
that would support the wireless communication and information exchange needed for AMR. Corpus
Christi also worked initially with the Northrop Grumman Corporation to provide the technology
necessary for system integration.73 Northrup Grumman integrated Tropos mesh routers with its own
hardware to create the network. This wireless infrastructure permits the transmission of gas and water
meter information from across the city to the Utilities Business Office.74
For current day-to-day management, the network falls under the supervision of Corpus Christi’s Chief
Information Officer.75 Under this director, ConnectCC and any network issues are handled by a team of
experts responsible for ensuring that the system is running correctly.76 “It’s a tribute to the staff that we
do all our own maintenance,” said Armstrong.77 SolarWinds, Cisco, and Tropos software is used to
manage the network.78 Additionally, public input is sought through surveys, town halls, and planning
meetings to address any concerns or issues.79

Technical Specifications
The Tropos MetroMesh infrastructure is at the center of ConnectCC. The pilot network was constructed
of 300 Tropos 5110 Wi-Fi cells, which have now expanded to 1,700 of the 802.11g routers.80 These Wi-Fi
cells have been constructed on traffic signal poles and are able to withstand wear from the outdoors to
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maintain Wi-Fi capabilities within the city’s planned network.81 The city used existing city fiber for its
wired backhaul connections in order to minimize development costs.82 “We have a great advantage—
almost 200 miles of city-owned fiber,” Armstrong said.
The public Wi-Fi hot zones are currently placed in areas where the city is more densely populated or are
tourist centers, according to Armstrong. These locations include “larger parks and baseball fields—
places where people are likely to congregate,” Armstrong indicated. The location of future hot zones is
dependent upon the changing demographics of the city so that the network can accommodate system
demands. Hot zones are placed “because we had the equipment in these locations, so there is little
cost” for installation, Armstrong said.83
These technologies together allow for multiple groups of users to simultaneously connect to the signal
on separate, secure networks on a single Wi-Fi mesh system.84 As noted in a Tropos press release, each
of these networks is complete with its own “address space, security encryption mechanisms, access
control[,] and classes of service.”85 Currently, Corpus Christi does not facilitate users bringing the Wi-Fi
signal indoors through CPE.

Steps to Launch
The Corpus Christi wireless network began in 2002 after Corpus Christi wanted to make conditions safer
for meter readers. Through a request for proposal process, Armstrong indicated, the city invested in
AMR through mesh Wi-Fi from Tropos.
After encountering difficulty handling the stress of offering the network to the general public for free,
the city began looking for partners to manage this portion of the network, he explained.86 The network
81
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was purchased by EarthLink in 2007 for $5.2 million for the purpose of providing subscription or feebased Internet service to residents and businesses within the city limits.87 Under EarthLink’s ownership,
the network underwent approximately $1,700,000 worth of modifications, including the addition of WiFi transmitters and other signal enhancements.88
By 2008, at least in part due to a limited number of subscriptions, EarthLink decided to abandon its push
to provide municipal Wi-Fi, Armstrong said.89 At this point EarthLink still owed the city $1.7 million
toward the purchase of the network.90 EarthLink returned the network to Corpus Christi in 2008 in
exchange for eliminating this remaining payment. Since the transfer of ownership from EarthLink, the
network has remained under the ownership of the city of Corpus Christi and been maintained and
augmented to establish the approximately 60 public hot zones, according to Armstrong.91

Lessons Learned
Armstrong offered a number of lessons for other cities interested in implementing a wireless network:


Exercise Patience: there are many steps to building a municipal Wi-Fi network, Armstrong
indicated. “Be patient,” he advised, “building a network is not very glamorous and there is a lot
of work that has to be done before getting the benefits.” If pressed for results, he continued,
“Find ways to buy time to show that you are making progress and finding success.”92



Have Clarity about Goals: though the Wi-Fi network may bring on unanticipated additional
benefits, Armstrong suggested being true to the purpose of the network. “The critical thing is
understanding what you want the network to do and being able to make the case based on
services provided to the city, whether that’s public Wi-Fi or for city departments,” he said.93
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94
95



Outdoor Wi-Fi Not Necessarily Profitable: Armstrong expressed a skepticism of subscription
models for outdoor municipal wireless networks. “Nobody is making money on an exterior Wi-Fi
network,” he said, “Accept that and figure out that there are other kinds of value besides
cash.”94 As noted above, Corpus Christi’s wireless network does not feature CPE for users.



Consider Wi-Fi for Emergencies: Armstrong highlighted the layer of security offered by having a
contingency municipal Wi-Fi network available in case of emergency. “We have city vehicles and
another 100 transportation authority buses outfitted with mobile routers,” he said. “I can set up
Wi-Fi within an hour if our network is taken down by weather—it makes me sleep a little better
at night.”95
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Minneapolis, Minnesota
The city of Minneapolis is blanketed in a mesh Wi-Fi network run by a private firm, USI Wireless, a
subsidiary of US Internet Corp.96 The network covers the entire
Key Details
city, and provides both subscription services to the city
government, businesses, and individuals, and free Wi-Fi at
Geographic Area: The network covers the
hotspots throughout Minneapolis.97
entire 59 square miles of Minneapolis

History

through 3,000 wireless devices.

Minneapolis had two complementary rationales for developing a
community wireless network. According to Otto Doll, the Chief
Information Officer of Minneapolis, a “motivation [for the
network] was to provide an opportunity for folks with less
financial resources to be able to get access to the Internet at a
more reasonable price.”98 Additionally, the former Chief
Information Officer of Minneapolis, Lynn Willenbring, told The
Atlantic that another objective was to “meet our institutional
uses so that our field staff had mobile broadband access.”99

Accessibility: Roughly 22,000 people
subscribe to the network.

The process of exploring wireless options for the city of
Minneapolis began in 2004 when “a team of city technology
experts worked with tech-savvy representatives from business,
education, nonprofits, and the community in general to examine
how other cities [were] approaching wireless issues and to
determine Minneapolis city government’s business needs, costs,
funding options, trends, and technology,” Doll said.100 It was
determined that the best approach for a network was through a
public-private partnership.101 The development of the wireless
network was initiated by the city of Minneapolis in 2005 when a
request for proposals (RFP) was released, and the building of the

Cost: Network construction is estimated
at $20 million. Subscribers pay $19.95
per month for the service and $4.95 per
month for a modem.

Speed: Users see between 1 and 6 Mbps,
and USI Wireless is testing hardware that
would allow 25 to 40 Mbps.
Timeframe: An RFP was released in 2005,
building began in 2006, and the network
was complete by 2009.

Funding Structure: The network is
private—after an RFP and subsequent
10-year contract, USI Wireless built and
maintains the network with the city of
Minneapolis is an anchor tenant.
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network began in 2006. In 2007, a pilot portion of the network aided recovery efforts after the I-35
bridge collapse, enabling an emergency command center with access to wireless broadband.102 The
network was fully complete by the end of 2009.103
The city laid out two requirements for the wireless network: it had to cover the entire city and it had to
offer wireless Internet to residents at a reasonable price. According to Doll, the network has been
successful in achieving both of these goals. When the network was first developed, the city negotiated a
limit on the monthly cost of Wi-Fi for the 10-year contract capping the price at $19.95 per month in an
attempt to ensure that all people in Minneapolis could access the Internet should they choose to do
so.104
Beyond partnering with USI Wireless to offer low-cost Internet services, the city of Minneapolis is taking
a comprehensive approach to closing the digital divide. Minneapolis has developed a digital inclusion
initiative that takes a three-pronged approach to the issue: enabling access to the Internet, increasing
digital literacy, and ensuring users understand the value of Internet use. According to Doll, “These three
things need to be tackled in concert” in efforts to decrease the digital divide.105 USI Wireless provided an
initial $500,000 to create a “digital inclusion fund” to support digital equity efforts like these, and
committed a percentage of the network profits to continue to fund digital inclusion efforts.106
In addition to the wireless network serving to support digital equity, it also has “immense public safety
potential,” according to a city website. As the website further explains, “Firefighters can access building
floor plans on the way to a fire [and] squad car video can be beamed to police precincts in real-time.”107
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Business Model
The Wi-Fi network was built and is operated by USI Wireless. The partnership agreement states that the
private partners will “operate a reliable, flexible[,] and open wireless broadband network that uses and
builds upon the city’s existing fiber optic network assets.” In addition, USI Wireless pays the city of
Minneapolis a fee to use city assets, including light poles and traffic signals, where wireless equipment is
mounted. According to a city website, “It [was] estimated that the cost to construct the network and
fund the initial start-up phase [would] be about $20 million, with the expectation that the technology
lifecycle [would] require significant and expensive upgrades every three to five years.” 108
The wireless network is funded through subscription fees for private and public users to USI Wireless.
Since the network’s inception, the city, as the anchor tenant, has paid $1.25 million per year for use of
the Wi-Fi service for municipal government operations. Because the network is privately owned and
operated, the city is not responsible for any additional operating costs.109
Individual subscribers must pay for both the modem and the wireless service in order to access the
Internet. The subscription fee is $19.95 per month, or less if users pay for a full-year subscription, in
addition to the $4.95 per month charge for the modem. According to Doll, the network has
approximately 22,000 subscribers each year.110 The network also features a “Civic Garden” of free,
unlimited access to city websites.111
Minneapolis is currently working with USI Wireless to develop a funding model for subscriptions
providing higher internet speeds, Doll indicated.112
As mentioned above, in keeping with Minneapolis’s commitment to closing the digital divide and as part
of the partnership and agreement between the city and USI Wireless, USI Wireless donates five percent
of profits from the network to the city’s digital inclusion fund.113 Initial calculations estimated that $11
million would be directed to the fund over the course of USI Wireless’s ten-year contract, which began
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in 2006.114 Additionally, designated community technology centers are able to receive Wi-Fi services for
free.115

Management
The burden for maintenance and management of the network falls on USI Wireless.116 As the network is
privately owned, and the city is one of many tenants, the city of Minneapolis is not responsible for any
day-to-day operations or other network management.117

Technical Specifications
The wireless network typically reaches speeds of one to six Mbps, though a pilot has been implemented
to test new technology that would allow speeds from 25 to 40 Mbps over the Wi-Fi network, Doll said.
He indicated these speeds “would put [the network] in line with other technologies available to
people.”118 The wireless network covers the 59 square miles of the city of Minneapolis and is supported
by 3,000 wireless devices.119 The wireless system also includes 117 free Wi-Fi hotspots in widely used
parts of the city, like parks and business corridors.120

Steps to Launch
The city of Minneapolis first formed a partnership with USI Wireless in 2005 when the network planning
process began as an initiative of the city to “attack the digital divide,” according to Doll.121 The building
of the network began in 2006, and by 2009 it was fully operational across the entire city.122 As
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mentioned above, USI Wireless is piloting new hardware improvements in the near future. USI
Wireless’s contract runs for ten years. Doll indicated that the city has held numerous public meetings as
well as a wireless expo to enable citizen engagement with decision making related to the network.123

Lessons Learned
According to Doll, a number of important lessons can be learned from Minneapolis’s experiences with a
public-private municipal wireless partnership, including:


Recognize the Technology’s Limitations: Doll spoke about the limitations of wireless technology
deployed, noting that in Minneapolis the network does not reach people above the third floor in
a high-rise building. He explained that is it necessary to “truly understand the limitations of the
technology—I’m not so sure that in a more densely packed city where more people live
vertically that a wireless network makes sense because you can’t reach enough people out of
the total population.”124



Be Able to Evolve: Doll also spoke of the importance of being willing and able to evolve the
technology of the system in order to keep up with what is current. He said that “the race to
keep up with sufficient speeds drives networks to a lot of capital infusion to change out the
technology to keep up.”125 In a time where fiber-to-the-home is a reality in some places, Doll
noted it is important to keep in mind that a wireless system may not be able to approach the
speeds possible through other technologies.126



Use Pilot Projects throughout the Network’s Lifecycle: pilots can open up new methods and
technologies for the network, Doll related. While examining the trajectory of the network, Doll
said, cities and partners should use “pilots to test new technology that can increase speeds.”127
Doing so offers a “big opportunity because the price point is low,” as compared to universal
rollout of new hardware.128



Consider Private Partnerships: Lynn Willenbring indicated that partnering with USI Wireless
enabled the city to work toward digital goals, broaden its expertise, and ensure financial
sustainability. “Doing it ourselves just wasn’t the best model,” Willenbring told The Atlantic,
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adding, “[T]hat wasn’t our core competency.”129 Willenbring said that partnering with USI
Wireless works because there is a “mechanism for the service provider to make a profit.”130
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Oklahoma City, Oklahoma
Oklahoma City’s Wi-Fi mesh network was developed in
2006, and, when completed, was the largest municipally
owned broadband Wi-Fi network in the world, handling
more than four terabytes of data traffic a month and
serving up more than 200 applications concurrently for
multiple government agencies.131 The network is used
exclusively to provide network connectivity to city
facilities and approximately 1,200 mobile workforce
employees and emergency workers every day, and is
managed as part of the city's information technology
infrastructure.132 The network spans 555 square miles,
covering 95 percent of both urban areas and main
roads.133

History
The development of the wireless network began in the
early 2000s when the government approached the
citizenry with a proposal to increase safety in Oklahoma
City, Mark McWhinney, Infrastructure Major Projects
Manager in Oklahoma City, reported. This proposal
included a new sales tax that would be devoted to public
safety. Part of the initiative included 12 new radio
towers, a new 911 call center and a new dispatch
application. Another part of the plan was to provide a
new public safety communication system—this was the

Key Details
Geographic Area: The network covers
555 square miles with 1,516 nodes.
Accessibility: Provisions city network for
facilities as well as approximately 1,200
city employees for workforce mobility.
Speed: Users see speeds averaging 4
Mbps and a minimum of 512 Kbps,
supported by an aggregate 1.4 Gbps
backhaul.
Timeframe: The first pieces of the
network went live in 2006 and the
network was fully operational in June of
2008.
Cost: $5.2 million was spent for the initial
capital investment, and the city has
approximately $245,000 in annual
operating expenses.
Funding Structure: The initial capital
investment was paid for with funds from
the Public Safety Capital Tax and City
Capital Improvement Fund, and the
operating expenses come from the city’s
budget.
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impetus for the Wi-Fi network, according to McWhinney.134
The network’s development began in 2004 and included both partnering with a consulting firm to help
through the development process and working with Tropos to “push the envelope of technology” and
develop an effective mesh system that could cover the entire 622 square miles of the town, McWhinney
said.135 He noted that the city has since considered extending the network to include public access, but
these plans have not come to fruition.136 The public safety network went live in September 2006 and
continued to expand after that date.137
The impact of this system has been significant for Oklahoma City, improving services through enhanced
efficiency throughout government. Said McWhinney, “The reason we do it is because we’re about
quality of life.”138
Oklahoma City Facts
Population: 610,613

Business Model

The city public safety tax initiatives generated approximately
$280 million, which paid for a new 911 call center, new radio
towers, and other public safety initiatives. Of that money, $5.2
Government Structure: Council-Manager
million was carved out for the implementation of the Wi-Fi
network, McWhinney reported.139 The city was able to negotiate
Annual Budget: $1.028 billion
with some of the technology companies involved to receive
better prices on some of their products. He explained, “If you bring value to a manufacturer you can
leverage that to get a better price.”140 In addition to the initial investment costs, the city spends roughly
$245,000 per year on operating, maintenance, and licensing costs.141 Between its implementation in
2006 and December 2009, the city estimated that it had saved an estimated $10 million.142
Population Density: 956 per square mile
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Management
The network is managed by Oklahoma City’s Information Technology Department. McWhinney indicated
that the department has worked with vendors to develop technology solutions that make sense for the
city, advising other cities to “make sure you have good partners.”143 Software used to manage the
network includes Tropos Control, Prizm, and Wireless Manager/Radius2.

Technical Specifications
The network consists of 1,516 mesh nodes from Tropos Networks which are installed on siren towers,
buildings and traffic lights, according to McWhinney.144 To expand the network and make it more
flexible, the city has installed 900 nodes in city vehicles which, in turn, transfer information to the
mounted Wi-Fi nodes. The network is designed so that a typical user has speeds averaging 4 Mbps – and
512 Kbps at a minimum – if he or she is within 300 feet of a node, and the city will add more nodes
when needed.145 The backhaul-to-mesh node ratio is roughly 2 to 15: 201 of the 1,516 nodes act as
gateways to the backhaul.146 The network is supported by a Cambium Canopy backhaul that has an
aggregate 1 Gbps backhaul over four rings.147
The system is equipped with five layers of security, and, as related by McWhinney, the system is “pretty
much impenetrable.” He explained, “We still have concerns about people attacking us, but we’ve never
been breached,” adding, “It’s pretty sound technology.”148

Steps to Launch
The construction of the network was straightforward given the public safety tax initiatives, according to
McWhinney. There did not seem to be any political controversy or large pushback to its implementation,
McWhinney indicated. At one point, the city contemplated making the network public, but settled on
limiting it for solely government purposes.149
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Lessons Learned
McWhinney offered several lessons for other city leaders interested in implementing community Wi-Fi:


Be True to the City Charter: McWhinney stressed the importance keeping the mission of the
department and government in mind. Noting that a private company expressed interest in
establishing Wi-Fi hotspots, he said, “Part of our charter is that we foster this type of business.
Any time we had that conversation [about expanding the network to the public], we said we’ll
keep it in the [governmental] realm.”150



Ask Questions: McWhinney explained that it is important for officials to be willing to ask
questions when they sense they lack adequate knowledge. He explained, “There is nothing
wrong with looking stupid, especially when you are shepherding tax payer dollars.”151



Choose Good Partners: it is necessary, McWhinney advised, to choose good technological
partners for the network. He warned that “there’s a lot of snake oil” and it is important to make
sure to recruit good partners who will lead a project in the right direction.152
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Ponca City, Oklahoma
Ponca City, Oklahoma, manages a wireless Internet
network that covers the entire city. A private side of the
network supports public officials, including the fire and
police departments, while the other portion of the
network provides free wireless Internet to anyone within
Ponca City. Craige Baird, Technology Services Director of
Ponca City, explained that the public wireless Internet
service does not require a login, password, or any type of
preregistration.153 The publically-accessible side of the
network is known as Ponca City Free Wi-Fi.154 On its
website, the city indicates it has “one of the fastest
wireless mesh networks in the world.”155 The wireless
network was installed in early 2008 and currently covers
over 25 square miles within the city limits as well as
another 100 miles that is encompassed by the city’s
electric department with nearly 17,500 unique
connections per day. 156

History
The city gradually began fiber installation – anticipating
future need – in 1997.157 Wireless Internet technology
arrived in Ponca City as part of an outdoor wireless
network that was installed to provide field

Key Details
Geographic Area: The network covers the entire
25 square miles of Ponca City and extends out to
an additional 100 miles covered by the City’s
Electrical department. Five-hundred and ten
wireless radios enable this coverage.
Accessibility: Over 17,500 devices connect to the
network daily.
Speed: Users see between 3 and 12 Mbps, and
with additional hardware can reach speeds of 25
Mpbs. The network is fed by a backhaul of 300
Mbps with capacity to 1 Gbps.
Timeframe: Fiber installation began in 1997 with
the Wi-Fi network installation starting in May
2008 and Wi-Fi launched live in October of 2008.
Cost: Approximately $3.2 million was needed for
initial capital investment, which was funded
internally without loans. Maintenance costs are
minimal. Residents may purchase a modem from
local businesses to strengthen the indoor
connection for approximately $150.
Funding Structure: The city originally acquired $4
million in capital investment for construction of
the network. Operating expenses are now
funded by subscriptions based on length of use.
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communications for city services, including police, fire, and energy in 2008.158
As stated by Baird, the city undertook research about wireless options for five years prior to
implementation of the network. The network was first tested in a five-mile pilot area before being
expanded across the city for use by a small number of select departments. As the success of the wireless
network for these departments became apparent, the network was expanded for use throughout other
city departments. Baird explained, “With 75 percent of [the city] workforce in the field, that [wireless
network] really impacted us big time because we could provide faster and more detailed services to our
residents.”159 Continued use of the network illustrated that it had enough bandwidth for public access
alongside city departments.160 In 2008, the Ponca City Board of Commissioners voted to allow open
access to a public wireless network, separate from the network available to city departments, to be
provided to the citizens and visitors of Ponca City without cost.161
The network has been successful as it allows the city “to extend our services and respond to requests
more quickly as well as access data a whole lot faster in the field without requiring us to come back to
our offices,” according to Baird.162 The network has also been successful for the public, as it has
expanded Internet access to many people who would not have it otherwise. Additionally, the network
has allowed for technology to be used in the classrooms—schools have begun issuing online books and
students are learning to do their schoolwork, including research, using technology. Baird explained, “The
network benefits them and helps them through the education
Ponca City Facts
process in Ponca and teaches them skills necessary for when
they go onto college.”163
Population: 25,387
Population Density: 1,382 per square mile

Business Model

Government Structure: Council-Manager

The project was funded through the city budget, and ongoing
backhaul costs are paid by selling access to fiber broadband to
businesses.164 Internal departmental funds provided the initial

Annual Budget: $93 million
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$3.2 million needed to build the network.165 Businesses pay monthly fees for high-speed broadband
fiber connections, which in turn fund the backhaul that is used by all services. Use of the public wireless
Internet is free, but residents also have the option to purchase a Pepwave modem for roughly $150 in
order to receive stronger wireless signal in their homes or a Tropos access point that can enable speeds
of 25 Mbps. The modems are all sold at local businesses.166 Approximately 2,800 users have a Pepwave
modem, Baird reported.167
Baird emphasized that the city would continue to provide access to the Wi-Fi free of charge. “Our mayor
is set for providing this free for citizens even if, in the future, we extend our network,” he said,
continuing, “We don’t want that [free Wi-Fi] to go away because its helps so many of our citizens who
can’t afford Internet.”168

Management
When the network was originally installed by the city, Tropos (now part of ABB), the company
manufacturing the wireless nodes, sent engineers and project managers to Ponca City to oversee
installation of the network. Ponca City employees installed 500 radios in two months, which “was the
fastest installation that Tropos had seen ever before or since the installation,” according to Baird.169
Today, the city manages the entire network, provides support services, and collects revenue.170 The
network can be monitored and managed remotely, and crews in Ponca City provide network
maintenance when needed.171 Management software includes Tropos EMS Control Server and
Spiceworks.172

Technical Specifications
Ponca City has a wireless mesh network that consists of 510 radios creating a network covering the
entire city. There are 88 gateways within the Wi-Fi network, which are connected by fiber to the
backhaul. Baird indicated that users reach speeds of between 3 and 12 Mbps with potential of up to 25
Mbps, and the average number of unique connections per day is 17,500, though the number of users is
continuously expanding.173 The network is supported by a 300 Mbps backhaul – with capacity to 1 Gbps
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– and transfers over 46 Gigabytes of Internet data an hour, which is 1.5 terabytes a day or over 36
terabytes a month, said Baird.174
One portion of Ponca City’s network allows for free and open Internet usage for anyone in the coverage
area—this is the public side of the network. The private side of the network is used by city officials
including the police and fire departments. Both portions of the network are encrypted.175 As Baird
explained, “There are a lot of requirements that we have to follow with safeguarding data as it pertains
to law enforcement, so we created this network using Tropos radios that are 100 percent encrypted.”
The wireless radios that comprise the wireless system are designed to handle multiple networks and
keep the public and private networks completely separated from one another, Baird noted.176 Residents
that choose to purchase Pepwave modems can make their access more secure by setting a password.
Peer-to-peer connections are also not allowed on the network, adding an additional layer of security.177
The network has seen success so far, Baird related. “The biggest problem we’ve had overall is the
success of it [the Wi-Fi]. Originally when we designed and thought of it, we expected 4,000 users per
day, but we surpassed that number within the first year and the number of users has continued to
grow,” he said.178

Steps to Launch
The network was first launched in a five-mile pilot area for 30 days, Baird indicated. Numerous tests
were undertaken – including driving tests that measured the bandwidth throughout the pilot area –
before the network was expanded to the rest of the city. According to Baird, “Every test we ran
passed.”179 The network was first used by a number of select city departments before its use was
expanded to other city departments and a public network was created for use by the general public.180

Lessons Learned
A number of lessons were suggested by Baird:


Analyze City Needs: Baird explained that it is necessary to evaluate what the city wants before
starting to build a network, including deciding who should have access, if it should be free, if it
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should be available everywhere, and what the goal of the network is. These types of decisions
will influence what type of network is created and must be made at the beginning of the
process, he said, adding that building a Wi-Fi network is “not something we just woke up and
decided.”181


181
182

Ensure Adequate Backhaul: other cities should research their backhaul options before deciding
to install a wireless network, advised Baird. If the city is not connected to enough backhaul it will
be impossible for the city to provide wireless access to a large number of people, Baird
indicated.182
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Port Angeles, Washington
The Metro-Net network in Port Angeles, Washington, is a
municipal Wi-Fi network managed and operated by OlyPen Inc.,
an Internet provider for the Olympic Peninsula.183 The network
serves two functions: one part of the network is a secure
network for first responders that offers wireless coverage
throughout 80 percent of the city; the second part of the
network runs as a separate community and separate bandwidth
and offers wireless access to the public by way of
subscriptions.184 The connection speed depends on the
subscription plan purchased from OlyPen, but Internet speeds
can be as high as 6 Mbps downstream and 1.2 Mbps upstream.
The network currently has 413 subscriptions from the public in
addition to its use by city departments.185

History
The city of Port Angeles, Washington, a city where 40 percent of
the population is at or below 200 percent of the federal poverty
line, received significant grants from the U.S. Department of
Commerce as part of the American Recovery and Reinvestment
Act, according to Philip Lusk, Deputy Director of Power &
Telecommunication Systems in Port Angeles.186 Using these
grants, Port Angeles was able to create a first responder,
citywide network to allow their emergency personnel to access
databases, information, and communication services from
anywhere in the city. Said Lusk, “Among other items, it provides
the ability to access security cameras throughout the city from

Key Details
Geographic Area: The network covers 15
square miles through 239 nodes.
Accessibility: The network currently has
over 400 subscribers.
Speed: Users see ranges between 1.5 and
6.0 Mbps downstream, and 896 Kbps and
1.2 Mbps upstream, depending on their
subscription. The average backhaul
feeding each access point is 100 Mbps.
Timeframe: American Recovery and
Reinvestment Act funding was received
in 2009; the network launched in October
2012.
Cost: The initial capital investment for
the network was $3.7 million, and annual
operating expenses total $90,000.
Funding Structure: The initial capital
investment was funded by a $2.6 million
federal stimulus and the city contributed
$1.4 million. Operating expenses are
covered by city funds and subscriptions
from individual consumers and
businesses.
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their vehicles. This is something that they previously didn’t have access to—it is a force multiplier for
them.”187
Additionally, the grants were used to create the citywide Wi-Fi system.188 In the city of Port Angeles, all
capital projects that cost above a certain threshold must be approved by the city council. While skeptical
and hesitant at first, once the network received significant outside funding “the project became
affordable to the city and that is when policy makers began to strongly support the effort,” said Lusk.189
Columbia Telecommunications Corp., which designed a portion of the system for Port Angeles, used the
existing utility infrastructure to create the network.190 Port Angeles formed a non-exclusive partnership
with OlyPen Inc. to operate the network, which was installed with the help of Capacity Provisioning,
Inc.191
The goal of the wireless network was primarily to improve public safety, and Lusk noted that this has
been a huge benefit for the network. “There are police officers in the field who have grown to rely on
the benefits of higher rates of wireless access and lower latency.”192 He went on to explain that “the
timely information that first responders can receive can help them do their jobs more effectively and
better preserve public safety.”193

Business Model
Port Angeles’s network was funded by a $2.6 million federal stimulus from the American Recovery and
Reinvestment Act of 2009 as a sub-grant for the Broadband Technology Opportunities Program
(BTOP).194 The city contributed an additional $1.4 million in in-kind contributions, which included the
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payroll of employees on the project, and certain enhancements to the city’s emergency communications
system and the city’s fiber-optic network.195
The public network requires users to pay subscription fees ranging from $4.95 per month for OlyPen
customers to $34.95 per month for other subscribers.196 However, one hour of continuous, free Internet
is available every day and 12 pre-selected days are designated for free wireless connection.197 Lusk said
that the limited number of total subscribers – 413, or 133 fixed point and 280 mobile subscribers – was
“a bit of a disappointment, as part of the business model was predicated on higher mobile and fixed
point subscribers.”198
The revenues from Metro-Net are designated for paying ongoing operations and maintenance of the
network. Although access to the Internet for consumers and businesses is provided by a private Internet
provider, OlyPen,199 the city of Port Angeles receives a percentage of all fees collected.200 OlyPen is
looking into using an ad-based approach in the future to help pay for network operations and upkeep.201
The subscription fees for the usage of the system are also slowly
increasing, Lusk indicated.202
Port Angeles City Facts
Population: 19,100
Population Density: 1,382 per square mile
Government Structure: Council-Manager

The current maintenance and operation costs of the network
are $7,500 per month, which includes maintenance for the
connection to the fiber network. Due to a shortfall in revenues
from the subscription network some of the network costs are
currently being subsidized by the city general fund. Lusk said

Annual Budget: $129 million
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that when the business model was designed “revenues were overestimated.”203

Management
The Metro-Net network is managed and operated by OlyPen, Inc., a private Internet provider for the
area around Port Angeles, WA. OlyPen operates the public wireless network with the support of the
Utilities Department of Port Angeles, and shares revenues with the city, as the network draws on city
utility infrastructure.204 The public safety network is managed by the municipal government under the
Utilities Department, as well. The network is monitored by InterMapper, which also allows for network
mapping and alerting in order to ensure that all hardware and software is functioning correctly.205

Technical Specifications
The Port Angeles Wi-Fi uses Aruba Airmesh MSR4000 Outdoor Wireless Mesh routers to deliver a
network signal while being resistant to damage created by outdoor environments.206 Port Angeles built
239 nodes, or access points, for the city’s previously existing fiber-optic network—this provides outdoor
coverage for approximately 80 percent of the city. The city hopes to continue expanding the network by
adding five to ten additional nodes per year. From this network, public users see 1.5 Mbps download
speeds and 200-300 Kbps upload speeds, Lusk reported.207 The average backhaul feeding each node is
100 Mbps, of which approximately 10 percent is typically in use.208
Additionally, the Wi-Fi system shares infrastructure with a separate, public first-responder network.209
This allows for separate and secure network access for the public safety department and residents and
businesses in the city. Lusk noted that individuals can privately utilize the Internet throughout 80
percent in the city, and Internet is available to the Lower Elwha Klallam Tribe, which is not in city limits.
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The police and fire departments use the network to capture images and videos for surveillance
purposes.210

Steps to Launch
Port Angeles received the initial $2.6 million grant from the Department of Commerce in 2009 to begin
designing the network.211 The city first gave permission to private contractors to use the existing utilities
infrastructure as a base of the new network. After Columbia Telecommunications Corporation designed
the network, Capacity Provisioning Inc. helped the city build and install the network, and the city then
partnered with OlyPen Inc., which now manages and operates the network.212

Lessons Learned
Lusk offered advice for other cities interested in implementing community wireless networks:


Develop a Sound Business Model: Lusk stressed the importance of having a sound business
model that includes thoughtful and realistic projections. This can help ensure the long-term
stability of a network. “Without a realistic business model,” he said, “you may have surprises
and discover the need for subsidies.”213



Consider Additional Uses: Lusk also suggested that cities consider how the wireless network
could be used in other ways to serve the public interest. He cited an example of wireless
networks being used for electric utility projects as one possible consideration. He said, “In asking
‘How can we best use this in the public interest?’ We can increase system value and offset
costs.”214
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Richmond, California
The mesh Roof2Roof system of Richmond, California, is currently in its infancy. Explained Sue Hartman,
Information Technology Director in Richmond, “The city of
Key Details
Richmond is partnering with an outside agency to build a
Geographic Area: The network covers a
backbone of wireless repeaters from tall, strategically placed
one-mile radius in the Iron Triangle
towers throughout the flatlands of Richmond to provide free
215
neighborhood of Richmond.
Wi-Fi internally, to homes, and externally.”

History
According to Hartman, “We have wanted to do [free municipal
Wi-Fi] from a city perspective – city leadership, manager, mayor,
IT department – for several years,” and the system recently
came to fruition.216
In 2009 and 2010, the city of Richmond applied for a Broadband
Technology Opportunities Program (BTOP) grant to begin the
process of building out a wireless system, but did not receive a
grant. The city began looking into other options and was
approached by Internet Archive – a non-profit that set up Wi-Fi
in San Francisco – about building a wireless network in
Richmond. It was eventually decided that Richmond, in
partnership with Internet Archive and two other non-profits,
Building Blocks for Kids and ReliaTech, as well as a consulting
firm, the Glen Price Group, would build a wireless network
intended to serve underserved communities. The system is
currently operational in pilot locations and is serving
approximately 400 users per day.217

Accessibility: The network is currently
providing service to approximately 400
users per day.
Speed: Users typically see approximately
16 Mbps fed by a 40 Gbps backhaul.
Timeframe: The system has one, 70-foot
tower that is connected to fiber and two
repeating locations to form the
backbone, which were built in May 2013.
An additional 20 directional antennas
have been installed since.
Cost: The initial capital investment for
the network was $50,000 and operating
expenses are negligible. Users may
purchase directional antennas for $100$250 each.
Funding Structure: The initial capital
investment was funded by Internet
Archive.

During the same time period, in 2011, the city began working
with the Port Department and the Department of Homeland
Security to build a 12-mile fiber backbone from the port to
emergency responders in the city. This fiber became the base of wireless Internet system.218
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Business Model
Roof2Roof was initially funded by a capital investment of less than $50,000, which was provided by
Internet Archive. These funds were used to build the infrastructure needed to support the Roof2Roof
network. The city of Richmond provided labor and access to city assets.219
The free, high-speed Internet is currently provided by Internet Archive. Because the installation of the
infrastructure is the most expensive portion of the network, the year-to-year upkeep and streaming is
“negligible,” according to Internet Archive. 220 The city has also received some grant funding for
equipment for the network but, Hartman noted, “Grant funding is really limited mostly to programs,
rather than funds to build infrastructure.”221 Additionally, private citizens purchase directional antennas
to harness the Internet signal for $100-$250 each. 222

Management
Internet Archive administers Roof2Roof at the discretion of the city of Richmond. The city provides staff
to work with Internet Archive on the project, while Internet
Richmond City Facts
Archive provides some funding for the equipment needed for
Population: 103,701
the service. Partners involved with the project include: the city
of Richmond, Internet Archive, Building Blocks for Kids, and the
Population Density: 3,450 per square mile
California Emerging Technology Fund. 223 Additionally, ReliaTech
donated 1,000 free refurbished computers to low-income
Government Structure: Mayor-Council
Richmond families to maximize the impact of the project. 224
Annual Budget: $144 million
Cacti, Nagios, and custom script software is used to manage the
network.225
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Technical Specifications
The wireless network is currently made up of one 70-foot tower and two repeating locations that form a
backbone. These are supplemented by 20 antennas to provide Internet service to the Iron Triangle
neighborhood of Richmond. These antennas are installed to boost the wireless Internet network in
residents’ homes.226 The antennas are supported by a 40 Gbps backhaul, of which less than 0.1 percent
is utilized.

Steps to Launch
The greatest motivation for creating Roof2Roof was the common goal to close the “digital divide” by
providing fast and free Internet to “underserved communities including low-income communities,
community members that do not speak English, youth that need educational enhancement, and people
needing access to health and medical information,” Hartman said, noting that some public discussion
occurred at city council meetings.227
By the end of 2013, the primary, 70-foot tower had been installed. Multiple community members began
to buy directional antennas to bring the Internet to their surrounding blocks, with 20 antennas at
present.228 The system is currently being extended into the Atchison Village neighborhood, a portion of
the Iron Triangle neighborhood, which is not far from Internet Archive headquarters.229

Lessons Learned
Hartman noted that the Roof2Roof Wi-Fi network highlights some important lessons, including:


Partner with Outside Organizations: Hartman explained that working with a non-profit partner
makes it clear that the network is not a commercial venture, but rather meant to provide a free
service to the community. “Partnering with a non-profit agency has been key,” she said. The
partnership extends from developing and implementing the network to maintaining it over
time.230



Develop a Sustainable Network: as Hartman said, “True, proven Wi-Fi has to be sustainable, and
it has to be sustainable long term.” Hartman explained the importance of developing long-term

226

Interview with Sue Hartman, Information Technology Director in Richmond. July 22, 2014.
Ibid.
228
Internet Archive Staff, “Free and Fast ‘Roof2Roof’ Internet Available in Richmond, CA,” Internet Archive Blog.
May 8, 2013, http://blog.archive.org/2013/05/08/free-and-fast-roof2roof-internet-available-in-richmond-ca/.
(accessed June 17, 2014); and interview with Sue Hartman, Information Technology Director in Richmond. July 22,
2014.
229
Interview with Sue Hartman, Information Technology Director in Richmond. July 22, 2014.
230
Ibid.
227

Freedman Consulting, LLC
1818 N Street, NW, Suite 450, Washington, DC 20036
P. (202) 506-5069 I F. (202) 506-7967
www.tfreedmanconsulting.com | 58

infrastructure and funding. Pulling additional fiber in order to expand the Wi-Fi network and
finding a redundant service provider to serve as a backup in the event of a network failure were
additional suggested steps toward building a sustainable network.231
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San Francisco, California
San Francisco’s Mayor Edwin Lee views #SFWiFi, San Francisco’s
community wireless network, as a “step toward a larger vision
of connectivity for our [c]ity as a whole, bridging the digital
divide and ensuring that our diverse communities have access
to innovation.”232 #SFWiFi relies on city-owned fiber for
backhaul and donated Internet access at a commercial
collocation facility. Since 2013, #SFWifi has expanded to cover
32 public parks, a three-mile stretch of Market Street, and a
growing number of city and county of San Francisco (CCSF)
locations. The network offers speeds of up to 50 Mbps. While
the network was constructed by the city of San Francisco,
Google, Ruckus Wireless, and United Layer (previously Layer 42
Networks) provided substantial in-kind, monetary, and technical
assistance to the project. 233
#SFWiFi also functions as a community Internet service provider
(ISP) through the Community Broadband Network, or CBN,
which provides Internet access for a wide range of sites,
projects, and organizations within San Francisco. The CCSF’s
Department of Technology’s (DT) unique strands of fiber optic
cable connects 27 sites to form the network. From these sites,
wireless bridges provide Internet access to over 50 locations
within San Francisco.

History
There have been three significant stages in the development of
public Wi-Fi in San Francisco.
An initial unsuccessful project, called Techconnect, was a mesh
network proposed in 2004. In April of 2006, EarthLink and

Key Details
Geographic Area: Through 770 access
points, #SFWiFi offers service on a 3.1
mile stretch of Market Street, in 32 public
parks and recreation centers, at public
housing developments, and some public
buildings.
Accessibility: The network currently has
approximately 3,100 devices connecting
daily.
Speed: Users see an average of 10 Mbps
downstream and 5 Mbps upstream, fed
by two 1 Gbps backhaul connections.
Timeframe: The bulk of the network
expansion occurred in two phases, first
public housing and select public buildings
were connected between 2007 and 2010,
second public spaces, Market Street and
32 park facilities have been connected
between 2013 and 2015.
Cost: Capital expenses for the public
spaces expansion were $1.4 million, and
annual operating expenses are $120,000.
Funding Structure: The city funded part
of the cost of the network, while private
entities provided cash gifts and in-kind
donations.
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Google won the bid to operate the network.234 Under the bid, EarthLink would install and maintain the
network and provide a 1 Mbps paid connection.235 Google would then offer a free basic service to the
city at a speed of 300 Kbps.236 The network was planned as a public-private partnership, with EarthLink
paying the city $600,000 while earning a revenue-based annual fee, subsequently making up its costs
through subscription fees.237 Problems arose in August of 2007 when EarthLink began to reconsider its
participation in municipal Wi-Fi projects nationwide, and in September 2007 EarthLink officially
abandoned the project, as it did with many other projects at around the same time.238
In 2008, DT focused on providing Internet access to low-income areas. These targeted deployments
focused on several low-income housing communities. The project had limited resources, using a
combination of DT infrastructure and staff with partnerships with community organizations and probono technical consultants. The first site connected to networks was Valencia Gardens, a public housing
site that had been recently renovated and had data ports installed in each of its 260 units. With the fiber
connection at the site and the data ports in each of the units, residents were able to access a wired
connection of approximately 60 Mbps.239 In 2009, the Chairman
San Francisco City Facts
of the FCC Julius Genachowski visited Valencia Gardens and
called it a national model for broadband deployment.240
Population: 837,442
Population Density: 17,687 per square
mile
Government Structure: City and County,
Mayor-Board of Supervisors
Annual Budget: $7.9 billion

This initial development grew to include over 70 sites
throughout San Francisco, including most of the city’s public
housing locations and a wide range of community organizations
and sites. The network has become a community ISP, and the
system has relied on a team of highly qualified volunteer
network consultants. While this team has created and
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maintained a strong barebones network, city officials have identified a need to upgrade the network
design and create a clear support strategy. San Francisco is in the process of reviewing how best to
support this network and how it fits into the current public Wi-Fi initiative.241

Business Model
The #SFWiFi network is currently funded by the city government. Some of the initial capital investment
was paid for in part through donations of networking equipment and services.242 In 2013, Google
donated $600,000 to the city to fund the installation of the wireless network in 32 public parks.243
Annual operating expenses total approximately $120,000.244
For the earlier stages of the project, most of the switches, or devices connecting fiber to make a ring,
were purchased by non-profit organizations at discounted prices through the TechSoup Cisco Donation
Program.245 Additionally, the San Francisco Housing Authority gave the city $225,000 to develop Wi-Fi at
each of its public housing sites, and the Broadband Technology Opportunities Program (BTOP) was used
to provide Wi-Fi to 28 senior technology centers.246

Management
The #SFWifi network is owned and operated by the San Francisco Department of Technology, which is
headed by the Chief Information Officer for the CCSF. Technical support services and issue reporting
services are offered by the city and can be accessed by calling the 311 help line. Ruckus Wireless
provided access points, support services, and consulting to the city for the Market Street expansion, and
Google has provided financial assistance for the installation of Wi-Fi in San Francisco’s public parks.247
Portions of the network are managed and supported by staff from the DT, consultants, and volunteers.
Newer deployments are managed through DT’s network operating system that uses Solar Winds, while
older deployments are managed through Cacti, Nagios, and Rancid software.248
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Technical Specifications
#SFWiFi offers users peak speeds of up to 50 Mbps and minimum speeds of 2 Mbps download and 1
Mbps upload, as measured within San Francisco’s planned coverage area.249 The network uses cityinstalled and owned fiber, of which there are 170 miles.250 The #SFWiFi network has two 1 Gbps
connections to the Internet. One of the connections is provided by the San Francisco-based non-profit
Internet Archive; the other is donated by a commercial service provider, United Layer. Both of these 1
Gbps connections are donated to help expand public Internet access and are achieved through a “cross
connect” within a commercial colocation facility in San Francisco. Mike McCarthy, a leader of the San
Francisco project, stressed the importance of city-owned backhaul, saying, “Cities that own their own
fiber optic cable are less dependent on third parties for connection to the Internet. Cities with
infrastructure that connects to colocation sites can purchase access to the public Internet from a wider
variety of ISPs and can make their own networks.”251
Additionally, the city has started a pilot program called “Hotspot 2.0,” which offers free and encrypted
Wi-Fi, allowing users to securely access the Internet.252 Moreover, Hotspot 2.0 enables seamless
authentication onto a carrier’s Wi-Fi network, in the same way a user can transfer from a cell site as he
or she walks through a city or neighborhood.253
The CCSF does not retain or maintain any data that would enable identification of the end user. DT
worked with the Electronic Frontier Foundation on its privacy and data retention policy.254

Steps to Launch
In 2013, San Francisco started on its most recent phase of expansion, #SFWiFi, by providing Wi-Fi along
Market Street. The city received contributions from several private partners: Ruckus Wireless
contributed the radios for Market Street; Google provided financial support for the 32-park network;
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Cisco donated network equipment and access points previously used for a large outdoor events; and,
Layer42 contributed bulk Internet access for the first year of the project.255
To develop the network, DT staff pulled fiber optic cable to traffic cabinets along Market Street. These
cabinets are used to provide power and control traffic lights by San Francisco’s Municipal Transportation
Agency (MTA). Once fiber was installed, Ethernet cable was pulled via underground conduit at each
intersection to traffic poles. Wireless access points (APs) were then mounted onto poles and connected
to the Ethernet cable. The APs were connected to a switch that sent power and data to the APs on the
poles via Power over Ethernet (POE). Currently, the network averages 1,800 to 1,900 unique
connections daily, including 700 to 1,200 unique connections on Market Street and at Recreation and
Park sites, McCarthy indicated.256
City officials currently see their efforts as aligned with a statement from Supervisor Mark Farrell: “This
first project builds on a larger vision to bring free Wi-Fi access to every resident in San Francisco, in
every corner of the [c]ity. San Francisco is the center of innovation and technology, and providing free
Internet access in our parks, plazas and open spaces is the first step in a broader vision to deliver free
Wi-Fi to every resident in our [c]ity.”257

Lessons Learned
Based on input from city officials, San Francisco’s public Wi-Fi experience has provided municipal leaders
with several important lessons, including:


Understand the Nature of the Work: McCarthy indicated that a large part of the work involves
the physical labor of drilling holes, pulling cables, and installing access points rather than purely
technical work.258



Understand the Limitations of the Technology: officials said CCSF’s original Earthlink network
was overly ambitious in trying to provide a substitute to wired consumer Internet using an
outdoor network. In addition, it did not anticipate the rapid evolution in capability and capacity
of cellular-based Long Term Evolution (LTE).259
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Existing Infrastructure Is Critical: it is important to examine the existing infrastructure, including
collocation sites and backhaul, in order to determine the potential cost of the Wi-Fi network,
McCarthy indicated. “Once you’re at the data center you can connect to the Internet directly
and typically have more choices of ISPs,” he said.260



Do Not Deploy without a Plan to Sustain: deploying new networks is the glamorous part,
McCarthy related, but ensuring a long-term plan for sustaining the network is the key to making
it a trusted resource for the community.261



Accompany Broadband Infrastructure Build Out with Public Information, Training, and
Equipment Distribution: in order to be effective in reaching vulnerable, underserved
populations, new networks should address the other barriers to adoption. These barriers include
awareness, skills, and affordable end-user equipment, McCarthy said.262
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San Jose, California
In San Jose, California, residents, business owners, and visitors
can access the public high-speed Internet network Wickedly
Fast Wi-Fi anywhere in the downtown area for free. Covering
approximately 1.5 square miles and serving a daytime
population of 50,000, this mesh wireless network, built in
cooperation with Ruckus Wireless and SmartWAVE
Technologies, supports speeds of up to 10 Mbps per client.263

History
San Jose has been involved in community wireless since 2004
when the city partnered with MetroFi Inc. in an attempt to build
one of the first municipal wireless systems in the nation. The
city worked with MetroFi until 2008, when the company went
bankrupt and was forced to sell its network.264
After the failure of this network, the city began to examine the
need for a new municipal Wi-Fi network, Vijay Sammeta, Chief
Information Officer of San Jose, said. “We looked through
analysis,” he recalled, “And, among other things we came
across, we wanted to take advantage of the 300 days of
sunshine we have and look at Wi-Fi and how we can incentivize

Key Details
Geographic Area: The network covers a
1.5 square mile, contiguous area in
downtown, as well as the airport and
convention center.
Accessibility: Approximately 1,000 unique
devices connect at the airport daily, and
50,000 people have access downtown.
Speed: The network sees speeds of up to
10 Mbps per client downtown, at the
airport, and at the convention center; the
backhaul is two 10 Gbps connections.
Timeframe: It took 12 months to get from
the announcement of the project to the
go-live date for the network in 2013.
Cost: The initial capital investment for
the network was $94,000 and the
continued operating costs are $22,000
per year.
Funding Structure: The network is free
for all users and is funded entirely by the
municipal government.
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people to get out of cubicles and into downtown.”265 The city determined that the best way to do so was
through a Wi-Fi network that concentrated on placing access points “as close to downtown cafes as
possible” in order to encourage their usage, Sammeta continued.266
With this goal in mind, San Jose formed a new public-private partnership with Ruckus Wireless and
SmartWAVE Technologies in 2012, which began installing the new network that year. By early 2013,
Mayor Chuck Reed was able to announce the opening of the new, free, community wireless network.
Then, in early 2014, the city announced an expansion of the network to the Mineta San Jose
International Airport and the San Jose McEnery Convention Center. Most recently, in March 2014,
Ruckus Wireless announced a sponsorship with Major League Soccer which will enable them to provide
free, public Wi-Fi to fans at the San Jose Earthquakes’ new stadium in 2015.267
San Jose City Facts

Business Model

The Wickedly Fast Wi-Fi network was built with an initial capital
investment of $94,000 and requires annual operating expenses
totaling $22,000, which is equivalent to the cost of the old
Population Density: 5,620 per square mile
MetroFi network, according to Sammeta.268 In the past, the
Government Structure: Council-Manager
network had been funded through city parking revenue and the
city’s General Fund, and 2015 funding is solely through the
Annual Budget: $974 million
General Fund.269 Moreover, the city receives additional savings
from an improved parking network due to faster transactions,
and city facilities can utilize the network for faster connections than they would have otherwise.270
Population: 1,000,536
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Management
The network is managed, operated, and funded mainly by the city of San Jose, with both Ruckus
Wireless and SmartWAVE Technologies serving as partners in the venture. The IT Department, led by the
Vijay Sammeta, the CIO, directly manages the wired network and Internet connectivity. While Ruckus
Wireless provided the equipment for the network, SmartWAVE Technologies helped with the
installation process and provides ongoing support services to ensure consistent high-quality
connection.271 Being able to draw on city employees to manage the network and backhaul “lowers some
of the barriers,” said Sammeta, as “the cost would be much different” if contractors were paid for
management.272 Management software includes SolarWinds, Ruckus Zone Directors, and Ruckus Smart
Cell Insight.273

Technical Specifications
The Wickedly Fast Wi-Fi network is a mesh wireless network that provides coverage over a 1.5 square
mile area using individual 802.11n access points.274 At the Mineta San Jose International Airport, for
instance, 58 high-capacity Ruckus ZoneFlex Smart Wi-Fi access points are used to provide coverage.
Additionally, over 225 high-capacity Ruckus ZoneFlex Smart Wi-Fi access points have been deployed to
provide coverage at the San Jose McEnery Convention Center, and the eventual network at the San Jose
Earthquakes’ stadium will use over 150 different Ruckus ZoneFlex Smart Wi-Fi access points.275
The speed varies, though Sammeta indicated that San Jose’s low ratio of wired-to-mesh nodes is critical
to the network’s success. He explained that “the lower the ratio of wired-to-mesh nodes, the faster the
network will be.”276 Additionally, Sammeta said the airport has roughly 1,000 unique devices connecting
to the network each day, as well as a terabyte of data being transferred, much of which comes from
271
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streaming online content.277 The network is supported by two 10 Gbps connections to the Internet, of
which 5-10 percent is typically in use.278

Steps to Launch
As mentioned above, there were a number of steps to creating, installing, and beginning to operate the
wireless network. The most recent incarnation of the wireless network – developed by MetroFi – was
built on an “ad-based and subscription-based revenue model that never really materialized” and shut
down in 2008, said Sammeta.279
In 2012, San Jose announced the downtown project and partnership with Ruckus Wireless and
SmartWAVE Technologies.280 Sammeta said that San Jose “from the onset really focused on how we
cannot be dependent on a third party for propping up the network” through the ad- or subscriptionbased model that had failed in 2008.281 Despite initial claims that the network would be deployed by the
summer of 2012, the full, completed installation of the network was delayed until March 2013.282 The
network underwent renovations and expansions throughout 2013 and 2014 so that the airport and
convention center are now also covered by Wickedly Fast Wi-Fi.283
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Lessons Learned
According to Sammeta, the San Jose case study presents several important lessons for municipal
leaders:


Deploy the Network Strategically: the placement of nodes has facilitated greater use of the
wireless network, noted Sammeta. He said that “by stringing together the airport, downtown,
and the convention center, you can look at San Jose being a destination—you have a connected
experience when you land in the airport, when you drive downtown, and when you attend a
convention.”284



Use the Network Creatively: Sammeta suggested identifying additional uses for the network in
the name of lowering costs. “If you have the opportunity to leverage the network for a variety of
different opportunities, it’s easier to fund,” he advised.285



Consider Existing Service Providers: current connections may be adequate for residents,
according to Sammeta. “I don’t think we’ll do a city-wide network,” he said, “as there is lots of
competition from cable, reception from major cell phone providers is pretty good, and being the
fifth, sixth, or seventh entry into the market isn’t worth it.”286



Be Aware of the Costs: Sammeta cautioned to be cognizant of the costs associated with the
development of a municipal Wi-Fi network. “There is no such thing as a free network,” he said,
“At the end of the day, someone is paying for something.” He continued, “Funding issues, initial
and long-term, are definitely big.”287
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Santa Clara, California
The Santa Clara Free Wi-Fi network is a municipal,
outdoor wireless network that allows residents and
visitors of Santa Clara to connect to the Internet. The
network was “born through the investigation of best
options to support an advanced metering
infrastructure,” or AMI, said Larry Owens of Silicon
Valley Power (SVP), the city’s municipal electric
utility.288

History
In 2004, the city of Santa Clara contracted with
MetroFi Inc. to construct a citywide network that
would be public Wi-Fi compatible.289 The original
plans for the network included charging users $20 to
$30 per month to surf the Internet anywhere within
the city limits.290 However, shortly after the
construction of the network, MetroFi went into
bankruptcy.291 Santa Clara bought the network from
MetroFi, including the MetroFi access points and
hardware, and chose to alter the network to make it

Key Details
Geographic Area: The network is available anywhere
within the city limits, or 19 square miles, through
approximately 600 access points.
Accessibility: The public network is available to the
entire population of Santa Clara, or roughly 120,000
people plus a daily influx of the private workforce
and visitors. Approximately 5,000 unique public
users connect daily. Separate SSIDs support
institutional use by city teams and devices.
Speed: Public access is capped at 3 Mbps per user,
and utility users are allowed up to 15 Mbps with
priority access, supported by a 200 Mbps backhaul.
Timeframe: The commercial network was bought by
the city in 2009 and Wi-Fi was made through an
upgrade and expansion of the network in 2013.
Cost: The commercial network was purchased for
$205,000, and, in 2013, $2 million went toward
upgrade and expansion of the network to deploy WiFi to support the advanced metering infrastructure
(AMI), provided by the city of Santa Clara. The
annual operational cost is around $200,000.
Funding Structure: The project was funded through
the city-owned electric utility provider, Silicon Valley
Power.
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also compatible as a wireless advanced metering infrastructure (AMI).292
Through Silicon Valley Power, Santa Clara began installing the AMI wireless network throughout the city
in 2008 to allow utility meter data to be securely sent to SVP via wireless Internet.293 The public mesh
network was installed along with the SVP MeterConnect® in order to minimize cost and ensure wide
coverage. At the project’s inception, an estimated 80,000 electric and water meters would connect to
the back office through this wireless network in addition to the thousands of daily public Wi-Fi users.294
The city also contracted with Elster Solutions to make the network AMI compatible, while
simultaneously adding more Wi-Fi access points in order to strengthen the network signal so as to be
accessible throughout the city, both indoors and outdoors.295 These multi-pronged efforts work toward
Santa Clara’s goal of having “closed the digital divide and allowed customers to access information,” said
Owens, SVP’s Manager of Customer Services.296
Santa Clara City Facts
Population: 120,245
Population Density: 6,327 per square mile
Government Structure: Council-Manager
Annual Budget: $641 million

Business Model
The installation of Santa Clara Free Wi-Fi was a joint venture
between the city of Santa Clara and the city-owned utility
company, Silicon Valley Power (SVP). In developing the
network, SVP paid $205,000 to MetroFi Inc. in order to acquire
their outdated network – “pennies on the dollar,” indicated
Owens – mostly salvaging the equipment which allowed SVP to
save over $2 million.297

The city funded an $11 million Advanced Metering Infrastructure project, of which $2 million went
toward the outdoor Wi-Fi system.298 Annual operating costs are approximately $200,000 which,
according to Owens, “represents what we see as the total cost of supporting the public Wi-Fi network,
including the call takers, maintenance of a website, consumer-facing elements, and appropriate
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fractions of the operations of the public network.” Staff time for operations is not always exclusively
spent on the public network itself.299

Management
In 2004, the city worked with MetroFi, a provider of municipal wireless network service, to develop and
construct the citywide network. After the company went bankrupt, Silicon Valley Power, the city-owned
utility, purchased the network, and has since owned and operated the network.300 SVP later chose Elster
Solutions, a manufacturer of integrated metering and utilization solutions, to build the AMR system, to
add more Wi-Fi access points, and to make the Wi-Fi into a citywide network.301 LinkPath
Communications, which offers services to help deploy large networks, guided the design and installation
of the network.302 Ongoing maintenance is informed by online user surveys as well as random surveys by
telephone for users and non-users.303

Technical Specifications
The network includes approximately 600 access points across the city, and initial plans projected that
approximately 45,000 residential meters and 6,000 commercial meters would utilize the system.304 The
network also facilitates a “smart grid in Santa Clara, working to most efficiently deliver electricity to
consumers while minimizing wasted energy and costs,” as indicated in the Silicon Valley Business
Journal.305 The network allows SVP to retrieve a customer’s 15-minute usage data six times a day and
provide the customer with a detailed account of their energy usage to allow the user to reduce energy
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consumption at critical moments, such as when the system is at peak usage. In all, these new features
and more detailed information leads to less resident and city money spent on energy resources.306
There are 40 access points per square mile, a density which the city is working to increase, and these
devices are placed on city light poles and occasionally city buildings.307 SVP also has a fiber-optic
network that it uses as backhaul for the Wi-Fi network.308 Owens explained that the network has “nine
takeout points, or gateways connected to fiber.”309 He added that “one of the benefits of Santa Clara is
an extensive fiber network which has been growing over the last 15 years and now covers much of the
city. Our network would not be the same without that backbone.”310 Even with this benefit, “A large part
of the cost – as much as $800,000 – was in fiber-optic extension construction” to these nine takeout
points in the city.311
Speeds are capped at 3 Mbps for users, Owens indicated. “We wrestled with the amount of bandwidth
cap per user,” Owens said, continuing, “We started out with a conservative cap of 1.5 Mbps, and found
that the system was able to support 3 Mbps.” In total, “the number of gigabytes per day is in the range
of 600,” he said, noting that such a rate is “quite active.”312 Additionally, “A lot of our customers have
purchased repeaters or amplifiers to bring the signal into their homes or businesses” for under $100 on
average, he related.313 The network is supported by a 200 Mbps backhaul with an option to go to a
shared backhaul of 1 Gbps. The backhaul sees peak utilization rates of 75 percent.314

Steps to Launch
The network experienced relatively few hurdles throughout its installation, Owens said.315 Because SVP
was able to acquire the MetroFi network, SVP and Santa Clara were able to save $2 million in
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equipment, helping keep costs down.316 SVP also used the infrastructure skeleton to create a system of
smart meters where electricity and water meter data is transferred via an encrypted network, which
was installed in 2013. SVP leveraged this connectivity to create free, public, outdoor Wi-Fi with an
unencrypted network.317

Lessons Learned
Owens offered several lessons to other city officials interested in developing community wireless
networks:


Consider Interference in Density Calculations: Owens noted that an abundance of other
networks – or SSIDs – may decrease the quality of a connection. “In our town there are a lot of
hotspots and devices,” he said, “which is another factor, and more of a factor than we thought it
would be” in decreasing the quality of the network. “In order to achieve good coverage for
smartphones you have to increase the density [of access points],” he continued, “But increasing
the density also increases the possibility for self-interference.”318



Not All May Be Satisfied: it is not possible to satisfy all stakeholders in the development of a
community wireless network, Owens said. “There are lots of variables – in what type of device
you use, interference, how far the radios are spaced, how many people you’re sharing the node
with,” he related, continuing, “There was a decision point along the way in which we knew from
experience with MetroFi that not everyone’s going to be satisfied. We had to decide that it was
still worth moving ahead and providing the benefit. Clearly it is a benefit to the community.”319



Some May Be Concerned about Health Effects: Owens indicated that some in Santa Clara
expressed concern regarding the proximity of the access points. “Sometimes the complaint is, ‘I
don’t want that outside my house,’” based on fears it may negatively impact health, Owens
said.320



Subscription or Ad-Based Service May Increase Complexity: in certain manifestations of wireless
networks, complying with regulation may create difficulties and alter residents’ expectations,
said Owens. “We considered [ad- or subscription-based networks] briefly, however, once you
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get beyond free, a number of regulations start to come into play,” he noted, “And the
expectation by customers would change—they would expect service levels that might be
difficult to provide or maintain.”321


321
322

Strategically Develop the Network: Owens said that certain cities may face difficulty in
attempting to blanket their population with Wi-Fi. “This was a rather ambitious endeavor to
cover our entire city,” Owens indicated, advising, “I’ve seen a lot of my colleagues across the
nation look at this and decide to turn up public Wi-Fi in areas of activity, the downtown, and
areas of congregation. That seems to be an excellent place to start and consider expanding from
there.”322
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Santa Monica, California
The City Wi-Fi wireless mesh network in Santa Monica,
California is a free, municipally owned and operated system of
hotspots that allows residents and visitors to connect to the
Internet.323

History
According to Jory Wolf, Chief Information Officer of Santa
Monica, the network was developed “for purposes of mobility,
livability, citizen engagement, community services, health
education, and lifelong learning.”324 The municipal wireless
system was born out of a municipal broadband project in which
the government of Santa Monica first created a fiber-optic cable
network that it leased to local businesses.325 Using the earnings
from the fiber-optic project, Santa Monica was able to deploy
and maintain Wi-Fi in 32 hot zones and a network that blankets
80 percent of transit and commercial corridors and offers
symmetrical connection speeds of 1.5 Mbps, Wolf indicated.326
Speeds are being increased to 5 Mbps up and down in the first
quarter of 2015. Since the mid-2000s, the city has continually
built and expanded their municipal wireless network to cover
many of the most popular areas in the city, including the beach,
parks, and the boardwalk. The network cost approximately
$500,000 to implement, and $300,000 is spent annually—
$200,000 on expansion and $100,000 on maintenance of the
network. Current statistics show that approximately 3,500
unique devices sign on to wireless Internet, also known as City
Wi-Fi, every day, but during special events the network has seen
5,000 devices in a day.327

Key Details
Geographic Area: The network has 32
hotspots through 320 access points
within roughly 8 square miles, and the
network covers 80 percent of commercial
corridors.
Accessibility: Approximately 3,500 unique
devices use the network daily.
Speed: The network currently sees
speeds of around 1.5 Mbps, but speeds
are being increased to 5 Mbps up and
down in the first quarter of 2015.
Backhaul is being upgraded from 100
Mbps to 1 Gpbs to respond to demand.
Timeframe: The project began in 2006, as
the city implemented a pilot program.
Having been successful, the number of
hotspots expanded to 23 in 2010, 27 in
2011, and 32 today.
Cost: Capital expenses have been
approximately $500,000, and annual
operating expenses are approximately
$60,000.
Funding Structure: The free Wi-Fi
network is funded by offering
subscriptions to businesses for the fiber
network.
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The City Wi-Fi network began with the Federal Telecommunications Act of 1996, which ignited an
interest for Santa Monica to improve and reduce municipal data access costs.328 Starting in 1998, the
city began research and development on a master telecommunications plan that was adopted in May
2000. Wolf explained that the plan outlined guiding principles for the city, including providing universal
Internet access, networks for improved government and stakeholder services, and low-cost broadband
services for local businesses. Throughout 2004 and 2005 the city began deploying Wi-Fi hot zones and
gaining more experience with the deployment of Wi-Fi for public use and services. In 2006 Santa Monica
issued a request for proposal for a wireless network. After testing of services and investigating funding
and service models, the city decided not to pursue opportunities with an outside company. 329
Starting in 2006, the city began building wireless hot zones throughout the city as a pilot program. The
program attracted approximately 750 unique devices daily in
Santa Monica City Facts
the first year. Wolf explained that the system “really takes off in
Population: 94,472
2009.”330 By the summer of 2010, 23 hot zones had been
installed, and a major expansion along nine main commercial
Population Density: 10,664 per square
and transit corridors in 2013 brought the total number of hot
mile
zones to 32.331
Government Structure: Council-Manager

The municipal government of Santa Monica receives
approximately $1.8 million annually from commercial lessees of
Annual Budget: $524 million
their fiber broadband network, which is enough to pay for the
annual maintenance and operating costs for both the fiber and wireless networks.332 Of these funds,
$300,000 per year is available for the maintenance and expansion of the wireless network.333 Remaining
funds are used by the General Fund for other related technologies that serve the public.
The network has been successful in achieving its initial goals, according to Wolf. It has seen many
benefits and successes, Wolf said, including the ability to develop and deploy mobile applications that
provide information about municipal issues—for example, where construction is taking place or how
many spaces are left in a public parking lot, structure, or at on-street parking meters. Additionally, there
have been benefits for business improvement districts and for public safety officials. Wolf noted, “We
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believe [Wi-Fi is] helping our citizen engagement efforts in that we are able to stream our council
meetings and board/commission meetings through Wi-Fi systems and through 3 and 4G technology.”334
Finally, the system promotes a sense of place, Wolf indicated, as a different Internet launch page is
presented to the user depending on where a person logs into the Wi-Fi network. These pages help
promote local services within that area and enrich the mobile resident and visitor experience.335

Business Model
The entire City Wi-Fi network is funded using the savings garnered from creating a municipal fiber
network for city departments and services, and from the earnings secured by leasing the fiber network
to local businesses.336 These are tiered services: businesses can choose Internet services ranging from
100 Mbps to 100 Gbps connections.337 The fiber network generates approximately $1.8 million in
revenue from 128 commercial customers annually, which is enough to fund the $1 million in annual
operating expenses, including four employees’ salaries.338
According to Wolf, the initial investment for the wireless network was approximately $500,000.339 The
large expansion of the wireless network to nine major streets and transit corridors in 2013 cost just over
$213,000 and was funded using revenues and savings earned from the fiber network. The wireless
network costs approximately $60,000 to maintain annually.340
The wireless network is free for all users, which, as related by Wolf, has “always been an underlying
tenant of the telecom master plan.”341

Management
The entire network, including both the fiber and wireless networks, is managed by the Information
Systems Department of Santa Monica, CA. The department has a full-time staff of 46 people.342 Software
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used for network management includes Milton Edge 7200i, Cisco 5508 Wireless LAN Controllers, and
Palo Alto Firewall Appliance.343

Technical Specifications
To enable the Wi-Fi network, 32 hot zones and all major commercial and transit corridors use 320 Wi-Fi
access points connected to the fiber network.344 Users can expect to get 1.5 Mbps of upload and
download speed, according to Wolf.345 Speeds are being increased to 5 Mbps up and down in the first
quarter of 2015 and the backhaul is being increased from 100 Mbps to 1 Gbps to respond to demand—
the average backhaul usage is over 50 Mbps with peak usage of over 150 Mbps. Wolf explained that this
network is “not a traditional mesh network—90 percent of our access points are directly connected to
fiber optics. This means there are fewer ‘hops’ and that user experience is very high because the signal
is not degraded going from one [access point] to the next.”346

Steps to Launch
In 1989, Santa Monica implemented a Public Electronic Network (PEN) in order to improve the city’s
wired and wireless infrastructure and to facilitate citizen engagement. However, this project began to
become unsustainable in part due to continual annual cost increases from leasing circuits from private
providers, totaling $1.3 million in 2002. To reduce these costs, Santa Monica had the local cable
company build a fiber optic iNet for the city, school district, and college for $530,000. This opportunity
became available through renegotiating the local cable franchise agreement. Using the savings that
resulted from the iNet, Santa Monica built a new municipal fiber network, City Net, primarily due to its
low risk and moderate investment requirements. The city then began leasing the fiber service to local
businesses for a significantly lower price than that of established broadband providers. With the
earnings accrued from owning instead of leasing a fiber network, Santa Monica was able to build 32 hot
zones and wireless commercial and transit corridors with free Wi-Fi around the city.347
According to Wolf, Santa Monica had to address political obstacles before and during the
implementation of this network. Said Wolf, “In the late 90s and early 2000s there was resistance.” There
were aesthetic concerns about antennas and dishes on building and in public spaces, as well as concerns
from the public about the health risks of installing Wi-Fi antennas in public places like parks. Eventually
343
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the public’s fears were mitigated, and today there are no restrictions on where city officials can place
Wi-Fi nodes, Wolf indicated.348 Throughout the network planning process, Santa Monica used public
surveys to gauge residents’ opinions.349

Lessons Learned
According to Wolf, the City Wi-Fi network has allowed Santa Monica to improve its own services while
expanding coverage to commercial and private users alike. There are several important lessons to be
learned from this case study, Wolf said, including:


Identify Network Obstacles: when developing a Wi-Fi network, it is necessary to examine the
layout and assets of the city before making plans for implementation, Wolf related. Santa
Monica encountered significant challenges when deploying Wi-Fi, including tree canopies, the
electric configuration of the streetlights, and limitation caused by ornamental streetlights. He
explained, “We realized quickly that we would have do to this [develop the network]
strategically, we never gave up on Wi-Fi, we just had to go about it in a different manner.”350



Identify a Local Champion: Wolf argued that it is important to have a local champion for the WiFi network who will see the project through. He said, “A wireless network is not something that
is going to be done overnight. It is going to take a while and the government has to make a longterm commitment.”351



Invest for the Long Term: the government must make a long-term commitment to implement
city-wide wireless, said Wolf, noting that the government should invest in infrastructure, like
fiber optic cable, in order to provide long-term infrastructure to support the network. Wolf
stressed the importance of city’s providing wireless services in order to offer an alternative to
costly carriers. He also emphasized the importance of developing these networks throughout a
large area of a city. “I’ve seen a lot of cities start with the business district or downtown area
and not get much further than that—that isn’t enough,” he said, continuing, “The public has
become aware that the government can provide these types of services and they can be
effective. I can’t emphasize more what this is doing for civic engagement or economic
development—city managers would be nuts not to develop this.”352



Take Control and Expand Wisely: the city should control the network—it should not rely on
outside groups, Wolf said. He explained, “You shouldn’t rely on someone else doing things for
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you, you should control the service, the rates, and the cost of the network.”353 Additionally, the
network must be developed in a smart way—the program should be piloted in a small area
before the entire network is implemented in order to ensure long-term success, and should be
coordinated with other departments to support “dig once” strategies and to identify
infrastructure improvements that may impact broadband fiber, including sewer replacement
and street resurfacing, according to Wolf.354
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V. Potential Best Practices

E

ach of the case studies in this document offer different lessons and experiences to draw from as
cities seek to learn about community wireless networks. This section synthesizes input from a range
of stakeholders into three categories related to the stage in the lifecycle of a community wireless
network. The three categories are goals, or the first stage of a community wireless network;
implementation, the second stage; and administration, the final and continuing stage. Some crossover
between the categories clearly exists, and many of the potential best practices relate to community
wireless networks across the lifecycle of the networks.

Goals
This category of best practices relates to the motivation behind the development of a community
wireless network. As indicated by city officials, best practices within this category include:

355
356



Achieve Consensus on Objectives: interviewees noted that, before implementing a wireless
network, city stakeholders, including partners who may contribute to the project, should come
to a consensus about what the goals and purpose of the network are. Decisions about the
ultimate goal of the network – for example, to reduce crime or to decrease the digital divide –
can help shape the purpose of the network. Coming to a consensus on the function of the
network – including determining whether it is solely for government use or is open to the public
– is also important, as these decisions impact the eventual design and implementation of the
network. Michael Armstrong from Corpus Christi recalled the purpose and goal of the city’s
wireless network, saying, “It started back in 2003 when we had a meter reader attacked by a pit
bull, and the city began looking at ways not to make that happen—the decision was made at
that time, after an RFP process, to go to an automated meter-reading system using mesh Wi-Fi.”
355
He related that this clarity of purpose was helpful for all involved in the network. Other cities
used public engagement processes including surveys, town halls, and discussions during council
meetings to gauge interest and desired outcomes from citizens.



Consider the Competitive Environment: before making a decision about implementing a wireless
network, interviewees said that cities should conduct due diligence to consider whether a
network is actually a feasible option, as well as whether a city is ready to enter into a
competitive telecommunications market. In most places, the Internet provider market is already
very competitive. Michael Armstrong from Corpus Christi explained, “I don’t think what we do
harms competition—it doesn’t harm AT&T or Verizon. There is value of being in charge of your
own destiny and doing what you need to do when you need to do it rather than being overly
dependent on a third party.” 356 When a city decides to install their own wireless network,
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particularly one that is meant to serve the general public, it should be prepared for the
challenges and tensions that the competitive market may present, said multiple city officials.


Gather Information from Other Communities: leaders from other cities, including network
administrators and community partners, can shed light on challenges that may otherwise seem
unique. By identifying and gleaning experiences from other cities, interviewees said, cities can
avoid potential missteps and design networks effectively. “Do a lot of information gathering
about other communities,” advised Jim Baller, expert in public broadband and president of
Baller Herbst Stokes & Lide, PC. “Learning about other circumstances through free advice, going
to conferences, and meeting people allows you to go around and kick the tires,” he continued,
“Which is important to do up front.”357



Reflect on City Needs: in order to install a successful network, cities must reflect on the unique
needs and challenges of their own communities, interviewees indicated. For example, cities
must think about the topography and landscape of the area—a landscape with significant
numbers of gullies or a mountainous region will be more difficult to blanket with Wi-Fi than a
city on a flat plain. Additionally, every city faces its own unique set of potential natural disasters:
cities experiencing earthquakes frequently will likely have much different considerations than
those cities that face the potential of hurricanes, interviewees noted. Jory Wolf from Santa
Monica explained that earthquakes entered into their decision-making process, saying, “99.6
percent of our network is underground, which makes it much safer from risks including
earthquakes, cars, trucks, and buses. We have to worry about trenching and backhoes, but as
long as you stay on top of that it’s manageable.”358

Implementation
The second stage of the community wireless lifecycle involves the implementation of the network. Best
practices cited by interviewees within this stage include:


Use Existing Infrastructure Where Possible: in order to reduce costs and barriers, cities should
work to build their wireless Internet systems around the infrastructure that already exists in the
community, such as city-owned fiber and poles, officials said. As Mike McCarthy from San
Francisco advised, “Cities with their own wireless infrastructure can make their own networks—
the city of San Francisco had few costs other than the labor of the team to pull the fiber.”
McCarthy continued, “About 90 percent of the initial work for large scale public Wi-Fi projects
involves physical labor, installing conduit, pulling cable (Ethernet and fiber optic), and
installation of wireless radios. It's a project that relies on [information technology] staff and
teams working in the field with orange vests.” 359
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Start with a Pilot Project: implementing a city-wide wireless Internet network is a large and
delicate task, and officials suggested launching a small part of the network as part of a pilot
project in a small area of the city. Doing so may enable cities to test the network to ensure that
it meets desired speeds, and to work out any kinks before the full network is launched. As Jory
Wolf from Santa Monica advised, “Build the network as the opportunities present themselves,
don’t build and hope they will come. I don’t believe in going out and building a system and
hoping it works—build a prototype and get it working, and then build upon it when you see it
works.” 360 This type of an approach can help save the city money and time in the long run, Wolf
said.



Ensure Adequate Backhaul: one of the key aspects of a wireless network, interviewees said, is its
connection to the Internet backhaul, which transmits data from the node back to the Internet.
Officials indicated that a city must ensure that the Internet backhaul available in the area is
capable of supporting the wireless network the city plans to install. If there is not enough
backhaul, the success of the network is likely to be limited. Craige Baird from Ponca City,
Oklahoma explained, “It is important to research what kind of Internet backhaul you have
available. Similarly, some cities have put in backhaul and find out they don’t have enough
Internet coming to the city. If there isn’t enough backhaul you can’t have a wireless network
that is accessible by a lot of people.”361



Consider the Wired-to-Mesh Node Ratio: interviewees noted that a mesh wireless network
comprises a series of nodes, some of which are connected to the fiber network directly and
some of which are virtually connected and pass the Internet signal from node to node through
the air. In general, the more wired nodes a system has, the stronger the Internet signal will be
throughout the network. Vijay Sammeta from San Jose explained, “If you’re not at a one-to-one
node ratio, your phone will be faster than your network,” and similarly, “if you are not headed
to [a] two-to-one [ratio] outside, then it’s probably not worth doing the project for public
access.”362 While the appropriate ratio may differ depending on environmental factors and the
needs of a given community, cities should consider the desired bandwidth of the network and
plan the number of wired and meshed wireless nodes accordingly, interviewees said.



Leverage the Network: once a city has installed the wireless Internet system, the city should
consider ways which the network can be used beyond its initial purpose, officials advised. For
example, some cities with successfully-implemented networks that are used solely for public
safety have moved to allowing public access to the network or have started automated meter
reading projects. Layering on additional uses to the network can ensure that the city takes full
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advantage of the investment of time and money made for implementation. “We have been
thinking of ways to use our wireless system to help with our electric utility work—it’s all about
increasing the value of our wireless system,” explained Philip Lusk from Port Angeles,
Washington.363 Businesses and other entities may also add value to the network by testing
equipment and innovations.


Invest for the Long Term: initial and continued investment in wireless Internet network
hardware and software requires significant resources, warned officials. As a result, officials
indicated that cities should identify technology that is proven and durable to ensure that the
network will be viable for years to come. As Mark McWhinney from Oklahoma City said, “Don’t
be near-sighted. Lots of times people limit the potential of technology based on what only they
know. Do not tell me the technology you want to install, tell me what you want to accomplish –
your goals, your endgame – and then we will work to accomplish that. People may be limiting
their own potential by not thinking long-term.”364 Additionally, officials suggested that the city
should reflect on its long-term needs and ensure that the system they invest in is one that will
meet the projected needs of the city for years to come. A critical element of this includes the
adoption of hardware maintenance and refreshing in annual budgets so cities are not
confronted with large, unpalatable capital expenses at a later date, McWhinney advised.

Administration: Funding, Management, and Structure
The final, and continuing, stage of community wireless networks involves the administration of the
network, including funding, management, and structure. Best practices discussed by interviewees within
this stage include:


Adopt a Sound Business Model: cities should ensure that the adopted business model for the
network is sound and reasonable, according to city officials. The projections in a business model
enable officials to guide the structure of the system so that it is sustainable over the long term.
As Philip Lusk from Port Angeles, Washington, advised, “Make sure that your business model is
wire-brushed and your projections are realistic. I don’t want to say that technology is plug and
play, but with good technology providers, these types of systems can be installed and
commissioned very quickly. The challenge is aligning the benefits and costs.”365



Work Collaboratively with Partners: interviewees indicated that cities should work
collaboratively with partner companies and organizations to ensure that the installation of the
network is mutually beneficial for all parties involved. In some cases, cities may be able to solicit
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discounts on technical components of the network if they agree to work with the company to
promote their brand or improve their products. This can be a source of significant savings for a
city looking to install a wireless network. As Mark McWhinney explained how this was done in
Oklahoma City: “When we are working with a new vendor we think about the opportunities to
improve their products. We work together with the company to make their product more viable
and sellable and their concession is that we get a better price.”366 Additionally, cities should
work to develop and leverage personal relationships with these partners in order to ensure
long-term buy-in and success of the network, city officials said.
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VI. Conclusion

T

his document aims to describe in detail a variety of community wireless networks being
implemented in the United States. Specifically, this report attempted to distill why these networks
were created, how they are operated, their costs, and the purported benefits of each network.
Interviews with key officials from all of the sites profiled suggest the complexity of undertaking a
community wireless network of any kind, as well as the potential challenges and opportunities that may
stem from these projects. The networks do not necessarily reflect a comprehensive picture of the best
case studies in the United States, rather, they include elements and lessons that are intended to support
potential best practices for other jurisdictions.
Notably, the goals sought by each community vary. The case studies in this document listed many
reasons for the development of wireless networks, from closing the digital divide to creating a more
efficient system for emergency services and integrating government operations. Other municipalities
not examined in this document would likely illuminate other reasons still. Regardless of the community
wireless network’s original motivation, a thorough examination of efficacy is useful.
Some networks have had more success than others in terms of technical capabilities, usage, consistency,
or other outcomes. Based on these diverse experiences, this document is intended to provide initial and
actionable lessons for municipalities considering the development of a community wireless network.
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