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Municipal Wireless Broadband Networks

Definition: Citywide wireless broadband networks
(as opposed to wireless hotspots).

Municipal authorities involved in network planning,
design, deployment and/or operation. Business
models vary.

Technologies: 802.11 (Wi-Fi), 802.16 (WIMAX),
proprietary technologies.

Applications: internet access, public safety
applications, intelligent transportation systems,
VolIP, education, etc.

Motivation for starting the project: bridging the
digital divide, economic development, attracting
visitors, saving on telecom expenses, etc.

Legal and regulatory issues
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Municipal Wireless Statistics

muniwireless.com report July 2005:

Municipal wireless networks statistics (source: US | outside | total
muniwireless,com July 2005 report) the US

city and regional wireless broadband networks 38 50 88
that provide public access

citywide networks used for municipal 28 4 32
purposes

city hotzones 22 15 37
planned projects (public access and public 34 3 37
safety)

European countries: Finland, Sweden, Germany, U.K.,
France, Spain, Portugal, Switzerland

Recently Tricala, Greece (not yet included in report)
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Technical overview

Suitable wireless broadband technologies have
evolved in the past few years and are still evolvin  g.

Standardization (IEEE 802.11 and 802.16 families of
standards) and mass production has lowered costs
and improved reliability and ease-of-use.

Technology has not matured yet:

e standards are still evolving (802.16e recently
approved, 802.11n, 802.11s are under development)

o pre-standardization and proprietary products exist in
the market

 conflicting claims about what each technology can
and cannot achieve
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IEEE 802.11 (Wi-Fi)

Initially developed for indoor LANs. P2MP star topo
or few APs many laptops.

logy: one

attributes 802.11a |802.11b |802.11g
range 20m 100 m 100 m
max throughput 54 Mbps |11 Mbps | 54 Mbps
frequency 5 GHz 2.4 GHz |2.4GHz
modulation OFDM DSSS OFDM
compatibility - - 802.11b
available 2001 1999 2003

Notes:

* Much higher range can be achieved with LOS point-to-point
links on high towers.

» Achievable throughput depends on distance, obstacles,
mobility, interference.
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Wi-Fi for municipal networks

Large areas can be covered with 100s or 1000s of AP s
mounted on light poles or other high points.

Rooftop antennas or special high gain antennas are used for
better reception (CPE).

Seamless handover not yet supported. QoS of streamin ¢
media suffers when changing APs.

Unlicensed spectrum: interference from other Wi-Fi
networks, Bluetooth links, cordless phones, etc.

How are APs connected to each other and the Internet  ?

Many architectures depending on existing infrastruc ture and
network owner/operator

« wired connections (copper, fiber)

o P2P wireless links

 mesh network architecture (easiest to deploy)

» backhaul satellite link (rural areas, e.g., in the U.K.)



WiIi-FI mesh networks

Wi-Fi mesh standard 802.11s not yet approved
Proprietary solutions exist in the market, e.g., Tr  opos
Networks MetroMesh architecture.

Tropos MetroMesh™ OS5 with =
Predictive Wireless Houting Protocols [PWRP)

patky o .eaes }“-“___.___.I"

Hetwiorks

Tropss
I Predictive Wireless Bouting Protocol (P#RP)
thedughout than patk r+y to th wirid gatewny,
and rovies arcund any interferenoe




IEEE 802.16 (WiMAX)

The vast majority of municipal wireless networks cu rrently
proposed or recently constructed use the relatively
Inexpensive , more mature and widely available Wi-Fi
technology...

... to achieve what WiMAX is designed for.

WIMAX features:
! P %&'()*+,-& (. $/ %& 011 *+,-2
3 3&41#
& 3! 5# 6 78
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%
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% % ;=%&<=% 3 -
Target cost: BS below 10k and SS (CPE) about 100 or less
Combination of Wi-Fi for access and WIMAX for longhau I



Technology overview

Scenario
Provisioned

Motion of
Subscriber Unit

Handoff
(persistence)

In Motion
GQuality of
Service

Mobile

Portable

Nomadic

Fixed

Fixed
Res/Bus
Address

None

None

N/A

Cellular
PCS

Marrowband

Nomadic
Hot-spot

Subscrber

Little/None

None

N/A

Portable Mobile
Cruiser Cellphone

Subscriber Subscriber

<30 Mph <100 Mph
300 ms Real-time
(slow)

Minimum

Degrading ~ Degrading

Broadband




Mobile voice service is one of the most
compelling uses for wireless BB,
especially when combined with
applications such as Skype.

Using VolP technology, wireless internet
users can bypass mobile telephone
providers to make calls anywhere in the
world.

Wi-Fi phones with low mobility and no
or limited handover vs high mobility
handsets.

NETGEAR’s Skype
Wi-Fi phone

10
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Example deployments

Low mobility

« Dartmouth College, Hanover, N.H., offers free softphones -
software that allows a user to make and receive phone calls on
a PC or PDA - to all incoming freshmen. Calls are routed over
the school's converged voice and data network and are free to
students. 550 APs cover entire campus.

High mobility scenarios proof of concept demonstrat ed by:

* Police department Rio Rico, Arizona: multi-party calls on a
wireless BB network at 130 km/h

» Azulstar (ISP provider) testing mobile VolP over Wi-Fi in Rio
Rancho, New Mexico

Is VoIP over densely populated wide area Wi-Fi networ Kk
feasible? Probably yes, if costumers are willing to sacrifice
QoS for lower price.

11
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Worried telcos raise legal barriers

Because of the rise in the number of muni-wireless deployments,
Incumbent telcos and cable companies in the US have been getting
state legislators to introduce bills that would make it nearly
impossible for municipalities to deploy these networks.

Example: Pennsylvania state House Bill 30 places onerous
restrictions on municipalities that want to deploy broadband
networks, wired and wireless, even where there is little broadband
or cable Internet access available. Municipalities in Pennsylvania
now have to ask Verizon for permission before they can go ahead
?I’]C! deploy a network even where the local taxpayers want to pay
or it.

Some bills have become state laws, others died in committee.
Debate continues.

 Pending: Indiana, Ohio

« Signed: Pennsylvania, Colorado, Florida, Louisiana,
Michigan, Nebraska, Tennessee,

* Rejected: lllinois, Indiana, lowa, Oregon, Texas, V  irginia,
West Virginia

12
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Wireless Philadelphia (Wi-Phi)

Philadelphia is to become the first big “wireless c ity” with a scheme
for wireless internet access for all its citizens. Taipel and San
Francisco are two other projects of similar scale that follow
Philadelphia’s example.

135 miles 2 (349 km?2) city area with full Wi-Fi (802.11) coverage.
560,500 households. Initially data rates of 1 Mbps  (symmetric).

Main goal: to provide low-cost BB internet access t o all citizens
help overcoming the digital divide

Users will pay $20 a month, low-income residents $1 0 dollars.
Visitors will be able to buy access by the hour.

Time plan:
 [nitial announcement: July 2004
* Wireless Philadelphia executive committee: August 2004
 Committee delivered detailed business plan: February 2005
 RFP issued: April 2005
* Proposals due: Late May 2005
» Respondents selected for contract negotiations: June-July 2005
« Contract(s) executed and construction starts: August-September 2005
* Network completed: Autumn 2006.
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The Cooperative Wholesale ™ business model

Business plan:

“Wireless Philadelphia” nonprofit corporation oversee S project:
* receives startup funding

e outsources design, deployment, management and maintenance to
private companies (through RFP)

« owns network and makes agreements with service providers, telcos,
institutions, other nonprofits for wholesale access to the network

« provides some level of free wireless internet access in public spaces
like parks and squares

» uses free cash flow to fund Digital Divide programs

» advertises project and educates stakeholders about its use and
benefits

Service providers:

« market the services to subscribers; provide customer service, billing,
technical support, CPEs, content, value-added services

» provide discounted rates to low-income residents
The City:
e provides access to city-owned light poles and other assets

e commits to contract with nonprofit for telecommunication services
(e.g., leased lines)

14
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Business Plan Summary Economics

Summary Economics (in $M) Yearl |Year2 |Year3 |Year4 |Year5 | Total
Revenue 8.2 11.6 12.9 14.0 14.5 61.1
Operating Expenditure 5.7 8.1 8.2 8.4 8.3 38.6
EBITDA 2.5 3.5 4.7 5.6 6.1 22.5
Net Income (0.9) 0.1 1.3 2.1 2.6 5.2
Capital Expenditure 10.0 0.2 0.1 0.1 0.0 10.5
Working Capital Reserve 0.0 0.1 1.3 1.4 1.4 4.2
Free Cash Flow (9.0) (6.5) (3.8) 0.4 5.0 5.0

Conservative model estimates: 13% penetration 1

(Chaska, MN, achieved 20% in 1 st month!)

Break even in year 4

st year — 22% 5t year

$4M of working capital reserve for network upgrades
$5M in free cash flow to support economic developme

divide programs

nt and digital

15
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Pilot Physical Site Surveys

« Part of detailed business plan

* Test network deployed in one square mile area in
Northeast Philadelphia

e 17 802.11b access nodes on light poles (15 meters
above ground level). Transmit power 1W (29 dBm)

* Mesh topology (Tropos Networks’ 5110 Outdoor Wi-
Fi Cell — 802.11b for client and intra-mesh links)

o pre-WIMAX base station atop 28-story building (110
meters above ground level)

« 1 access node (gateway) also equipped with pre-
WIMAX subscriber unit; backhaul link 2.6 miles

* Wi-FiI gateway connected to pre-WIMAX subscriber
unit using Ethernet cable
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Pilot Network

17
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Pilot Network

18
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Driving Site Surveys (laptop in slowly moving car)

Mbps

19
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Notes on driving site survey results

Results collected while driving on major streets.
Client device: laptop PC with PCMCIA 802.11b card
Several narrow alleyways with problematic reception

Stationary surveys in 16 outdoor locations (same cl lent
equipment): 4 did not register with a mesh node

e 2 were outside estimated coverage area

« 2 were in dense, narrow alleyways — moving laptop to a nearby
location resulted in node registering

Suggestion:
e use high gain or directional antenna at the receiver or

e adjust location

20
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Indoor Site Surveys

Client: Laptop with USB wireless adapter with a bui
gain directional antenna

Satisfactory SNR (20-40 dB) for all locations excep
location 5 which is outside estimated coverage area

lt-in high

t from

21
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Comments on technical analysis

Technical analysis focused only on connectivity to determine
required node density for adequate coverage.

Study admits that: “actual data rate available tou  sers will be
Impacted by the quality of their connection, other network
activity, congestion in the network, backhaul over

subscription and other factors”

Unfortunately, intra-node links in the same 802.11b channels
reduce network capacity.

Many argue that in order to deliver 1Mbps concurren  tly to
many customers, the mesh network needs:

* Dbig percentage of gateway nodes
 much more than 18 nodes per mile?
e other than standard 802.11 MAC for the mesh
e a combination of the above
Consequence: increased cost and deployment time of network
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Legal issues. Other developments

Pennsylvania state House Bill 30 (signed 11/2004) threatened to
derail the project. The City negotiated a compromise with Verizon
that allows the project to proceed.

Last press release: in October 2005 Wireless Philadelphia and
Earthlink (America’s fourth-biggest internet provider) have reached
agreement on the major business terms of a contract, and are
working to complete a definitive agreement by 22/12/06 (delayed
because City Council is on vacation between 15/12 and 24/1!)

EarthLink will finance, build and manage the wireless network, and
provide revenue-sharing fees to support Wireless Philadelphia. A

15-square-mile area will be constructed initially. When that phase is

completed, Wireless Philadelphia and EarthLink will begin building
out the remainder of the City wireless network. CapEx $ 10-15M.

Expected network completion remains unchanged (autumn 2006).

Earthlink announced plans for mobile phone with both cellular and
WLAN interface, from SK-EarthLink, a joint effort with SK Telecom

Verizon offers DSL for $15 per month (768 Kbps down, 128 Kbps
up, one full year commitment)

Competition brings prices down!

23
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Conclusions

Municipal wireless is gaining momentum

Technology still evolving (based on 802.11
technology not designed for city-wide deployments)

Relatively inexpensive and easier to install
Needs to prove that it can fulfill expectations
Telcos already worried; try to raise legal obstacles

Too soon to know which BB access technology will
prevalil

However, competition is always a driving force for
better services and lower prices

24
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Wireless Philadelphia

San Francisco is also planning universal wireless
for 2006, considering 24 proposals.

Google offered to provide San Francisco with free
blanket wireless coverage, which would be financed
by advertising.

26
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The New Orleans case

Louisiana is one of the states that passed anti-mun | legislation.

After Katrina most of the wireline telecom infrastru cture was
damaged.

Mayor Ray Nagin announced the expansion of New Orlea  ns Wi-Fi
network. The current network covers 7-10 square mil  es and is used
for public safety, emergency (FEMA) workers, insura  nce inspectors
and the public. The city plans to expand the networ  k to cover the
entire city (approximately 180 square miles). The ¢ ity already uses

mesh nodes. Estimates are that 3500 to 4000 nodes
are needed for citywide coverage.

Tropos Networks and donated equipment to the city to help in
disaster relief efforts. and have also been
instrumental in the installation and operation of t he network.

has also been involved in helping FEMA restore
communications in New Orleans.

Bandwidth is limited to 512 Kbps at this time. The bandwidth
limitation was the only way that New Orleans could get an exception
from anti-muni legislation to offer public access to their network.
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