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Preface
PURPOSE OF THIS PLAN

In recent years, th€ity of Savannal{the City) and unincorporated areas &hatham
County(the County)haveexperienced wireless telecommunication infrastructure growth.
Such growth requires additionalevated wireless antennas and base station ground
equipment. In accordance with Federal Communicatiarar@ission (FCC) guidelines,
the City and Counthave developed Wireless Telecommunications Facilities Ordinance
regulating new antenrsupport struttire construction.

In conjunction with the Ordinance development process, the @ity County are
developinga Wireless Telecommunications Master Plame (Master Plan) to analyze
current demand for wireless telecommunications services within thea@ityCounty
and to establish guidelines for growth as it impacts the, Cibyinty,and its citizens into
the future.

The purpose and intent of the Master Plan is similar to the goals and objectives of other
long-range plans, such as roadway improvements the extension of water and sewer
lines. TheMaster Plan combinedand useplanning strategies with industaccepted

radio frequency (RF) engineering standards to create an illustrative planning tool that
complementszoning regulations The Master Plan offers strategies to reduce tower
infrastructure by improving efforts to morph wireless deployments from various service
providers, thereby minimizing tower proliferation by increasing shared sites.

The Master Plan includes the following:

e An inventol of existing antennaupporting structures and buildinggon which
wireless antennas are currently mounted.

e Analysis of reasonably anticipated wireless facility growth over the ety
years.

e Engineering analysis of potential coverage based on ditlyCountyregulated
height restrictions and other locations and design criteria.

e Recommendations for managing the development of wireless structures for the
nexttwentyyears.

Many communities are concerned about the proliferation of telecomatiomcower
deploymentfrom theviewpoint of aestheticstime involved in the reviewrocess, equal
treatment between wireless providgraplic safety, and legal implications of upholding
both public and private interestdlost communities are dealing with towgnowth in an
ad hoc manner, which is the most expensive and perilous waranage expansions to
existing wireless telecommunications networks
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Implementation othe Master Plansimplifies and economizes the process. Muster
Plan offers numerous ben&di to the local government and its citizens, as well as the
wireless providersvho participate.

A comprehensive Master Plan includes:

e Review and revisios of existing ordinances and caleelative to wireless
telecommunications deployment

e Development ofa comprehensive telecommunicationstwork for the local
government;

e Minimizing the total number of telecommunications towers and/or sites within the
local government;

e Ensuring the local government's compliance with the Telecommitioms Act of
1996 (asamended); and

e Correlationof providerfurnished data together witlhe local governments own
sitesto developa Master Plarfor wireless telecommunications facilities



Wireless Telecommunications Master PiaiPC

Chapter 1 The Telecommunications Industry
INTRODUCTION

Telecommunications is the tremission, emission or reception of radio signals, digital
images, sound bytes or other informatieta wires and cables; or via &, through
radio frequencies, satdlites, microwaves, or other electromagnetic systems.
Telecommunications includes thansmission of voice, video, data, broadband, wireless
and satellié technologies and others.

Oneway communication for radio and television utilizesamtennao transmit signals
from the broadcast stati@amtenndo the receiving devices found in a radir television.

Traditional landline telephone service utilizes an extensive network of copper
interconnecting lines to transmit and receive a phone call between péfties. optic

and T1 data lines increase capabilities by delivering not onlyitioaal telephone, but
also highspeed internet and in some situations cable televisibime new technology
involves an extensive network of fiber optic lines sited in aba@rel belowground
locations.

Wireless telephony, also known as wireless comoations, includes mobile phones,
pagers, and twavay enhanced radio systems and relies on the combination of landlines,
cable and an extensive network of elevated antennas, typically found on communication
towers, to transmit voice and data informatiohhis technology is known as first and
second generation (1G and 2G) of wireless deployment.

Third, fourth and fifth generations (3G, 4G and 5G) of wireless communications will
include the ability to provide instant access tmal, Internet, radio, vigo, TV, mobile
commerce, and Global Positioning Satellite (GPS), in one handheld, palm pilot type
wireless telephone unit. Successful use of this technology will require the deployment of
a significant amount of infrastructure, i.e. elevated antennasaweaground structures
such as towers, water tanks, rooftops, signage platfamadslight poles.

The evolution of telecommunications began
very fast pace. Figure 1 identifies some of the most significant talecmication
benchmarks over the past 160 years.
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Telecommunications Timeline

=>

1240- 1876 1826 1958 1980°%z  1990°s 2002+
1550 AG Bl ATET ATar Angdog  Diginal 30+
Telegraph Irwented, Irrvents Fonmed Drevelops Cellular Cellular
Telecormrmunications Telephore Celbalar Hetworkis  Hetworkis
Begins

Figure 1: Telecommunicatiors Timeline
Wired telephone networks

When the traditional wired landline telephone networks were introduced in the United
States, the first systems wdbailt in largely populated cities where the financial return
on the infrastructure investment could be quickly maximized. Telephone lines were
installed alongside electrical power lines to maximize efficiency. As the technology
improved the service wasxpanded frontoastto-coast Figure 2 illustrates the wired,
landline network system.

The Wired Voice Network

Telephone #1 Telephone #2

Figure 2: Wired Voice Network Systems



Wireless Telecommunications Master PiaiPC

Wireless telephone networks operate utilizing wireless frequencies similar to radio and
television stéons. To design the weless netwiks, RF engineers overlay hexagonal

cells or circleson a mapto creae a grid system. These hexagons or circles represent an

area equal to the proposed base station coverage area. The center of thedreciegien
pmppoints the theoretical Aper fect l ocationo
maintained by each individual wireless provilles engi ne er iresufingdne par t mer
ninedifferent grid systems ithe County.

During the 1980 0asf800MHzebantl cetlular systgrasnvas launched n
nationwide. Similar to the deployment strategy for landlines, the 800 MHz systems were
first constructed in largely populated areas. Some networks in rural emeasn
underdeveloped. Originally, the 800 MHband only supported an analog radio signal.
Customers using a cell phone knew when they traveled outside of the service area
because a static sound on the phone similar to the sound of a weak AM or FM radio
station was heard through the handset. Re@mitnblogical advancements now allow
800 MHz systems to also support digital customers, which allowed the networks an
increased number of transmissions per site.

The 19906s marked the deployment of t he 19
Systems (PCS). T$ second generation of wireless technology primarily supports a

digital signal, which audibly can be clearer than the analog signal, but this comes with
additional tradeoffs. The technology of 2@cludes a static free signal, and although

with a higherrate of disconnects or dropped calls, it does allow for more services such as

paging devices, and the ability to send text messaging through the hamiset

Deployment of 2G also targeted largely populated areas with secondary services to much

of rural America resulting in limited or no PCS coverage.

In addition to 800 MHz cellular services and 1900 MHz PCS services, there are
additional wireless providers utilizing services in the 800 MHz and 900 MHz frequency
range. This service is called Enhanceeé&@glized Mobile Radio or ESMR. The largest
ESMR band provider is Nextel Communicationsll three of these telephoraperations

(800, 900 and 1900 MHz) are specifically covered, along with some other services, in the
Telecommunications Act of 1996.

Both the 800and 1900 MHz bands all utilize a system of elevated antennas attached to a
base station and either the preferred fiber optics linksrowave linksor the traditional
landlines tosend and receive the voice and data sighals between custoW@edess
systems must have a continuous trail of antennas to successfully send and receive the
signals without interruptions, interference, or dropped calldie antennas must be
elevated to a height where a reasonably clear line of site is attainedidaraedeerence

from obstruction caused hgrrain,vegetation and buildingsThe elevated base stations

of choice have been telecommunication towamyeverrooftops, water tanks and tall
signage are also utilized as mounting platforms for wirelesastrficture. Rooftops are
especially effective in downtown areas where buildings cause interference issues and

10
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ground space for new towers is usually unavailable. Figure 3 illustrates the wireless
telephone network.

The Wireless Voice Network

EBaze Station
(above ground

J4
‘ ﬂf\ structure)

Figure 3. Wireless Voice Network
Wireless providers

In 1983, the FCC granted licenses to two competing wireless providers to provide cellular
coverage nationwide. The early stages primarily were served by the local telephone
companies and on a national level by pamies like Cellular One.There were many
initial problems and growth was slow. Most wireless providers preferred tall towers in
the range 0800to 500feet to service large area¥here was also a preference for analog
services to reach farther, witlio much concern for static.Due to the difficulty of
constructing new facilities, the expansion was costly and challenging.

In 1995 and 1996, the FCC auctioned four additional licenses in regional areas to
competing wireless providers for purposes aflding a nationwide digital wireless
communication systemThis auction raised ove$23 billion for the US. Department of
Treasury

Wireless coverage

Wireless system providers attain service coverage via antennas located on elevated base
stations. The éight and location of the towers is critical to meeting the objectives of RF
engineering. The systems need continuous coverage with minimal overlap to provide
continuous service thatetwireless subscribers desire.

11
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In wireless system evolution, a wirsteprovider initially built fewer base stations with
relatively tall antennaupporting structures to maximize the network cogerfotprint.
These initial 1G systems3Q0 and 900 MHg sought to broadcast coverage to large
geographic areas with minimaifrastructure. Typically, these tall towers were spaced
four to eight miles apart.

By nature, the 1900 MHz frequency band is higher than the 800 MHz band and cannot
transmit a signal an equal distandéor the same coverage, these base stations raust b
closer together The mounting height of the antenna for ZGlower in elevation as
compared td G, resulting in shorter towers.

Figures 4 and 5 illustrate the ideal wireless network grid. In Figure 4, the yellow and
blue hexagons represent 800 ar@DA MHz coverage, respectivelyAs previously
described, the yellow hexagons cover a larger geographic area because the 800 MHz
frequencies can broadcast the cellular sign@he blue hexagons are closer together
because the 1900 MHz frequency transnaitshorter range.Figure 5 illustrates the
applied grid design to providing network coverage parallel to an interstate highway. The
red triangles represent the base station and the circles represent the estimated wireless
coverage to be operated from these stations.

“Coverage” Site (Phase I)

800 MHz coverage |

Buildings and terrain conditions can cause
interference which can significantly alter coverage
plot plans.

Figure 4: Coverage Grids

12
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Applied Grid Desig

Conrksy of Spectaste
Commuekeatoes, .

Figure 5. Applied Grid Design
Network capacity

The number of base station sites in a grid network not only determines the limits of
geographic coverage, butetmumber of subscribers (customers) the system can support
at any given time. Each a r r base istatisn can process as mang,8680subscribers

per minute asubscriber8transverse through particular cell sites, yet at any time a
individual wirelessp r o v i sthgler céllssitecan handle simultaneously no more than
240 calls (different preoiders prefer different numbers adg0o00is an average).This
process is referred to as network capacity. As population and wireless customers
increase, excessivdemand is put on the existing system's network capavitiien the
network capacity reaches its limit, a customer will frequently hear a rapid busy signal, or
get a message indicating all circuits are busy, or commonly be asked to leave a message
without hearing the phone ring on the receiving end of the call.

As the wireless network reaches design network capdcitguses the coverage area to
shrink, further complicating coverage objectivebletwork capacity can be increased
several ways. The sevice provider carshift channels from an adjacent site, the
provider can add additional base stations with additional infrastructure.

A capacity base station has provisions for additional calling resources that enhance the

net wor k6s a mard wirelgss phame csistomers within a specific geographic
areaas its primary objective. An assumption behind the capacity base station concept is

13
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that an area already has plenty of radio signals from existing coverage base stations, and
the signals a clear. But there are too many calls being sent through the existing base
stations resulting in capacity blockages at the base stations and leading to no service
indications for subscribers when they press the call send button on the wireless handset.

Figures 6 and 7 illustrate the complications and resolutions of neteapacity issues.

In Figure 6the 1G networlcovers specific areas As more customers purchased wireless
communication services, the coverage asteigk, creating gaps in the origiheoverage

area. Figure 7 demonstrates the combination of options available for solving coverage
gaps as networks reach maximum capacity.

The Network

= Initial network design * Redesigned network

= Few subscribers * Many subscribers

CoN Tey Of SpectEshe
Commuekatons, .

Figure 6. Network Capacity

14



Wireless Telecommunications Master PiaiPC

Increasing Capacity

« Initial network design * Redesigned network

* Few subscribers * Many subscribers

Conrksy of Spectase
Commuekzgiaes, .

Figure 7: Increasing Network Capacities
Wireless infrastructure

Wireless base stations are faa@ig for mounting antenna arraysr the purpose of
meeting wireless telecommunication network deployment plans. A variety of structures
can be used as base stations, such as towers, bsjleater tanks, existing emergency
communications system tower facilities, tall signage and light poles; provided that: 1) the
structure is structurally capable of supporting the antenna and thecomieecting
coaxial cables; and, 2) there is sufficiggtbund space to accommodate the accessory
equipmentcabinets used iaperating he network.Base stations can also be camouflaged

in some circumstances to visually blend in with the surrounding area.

Figure 8providesexamples of some typical base &tas. The monopole is a freestanding
pole similar to an oversized utility poleThe lattice tower is also a freestanding, tripod
shaped tower, with crisscrossing brackeidie guyed tower is not a freestanding tower
and relies on the attached cables andhors to support the facilityThe flagpoleand

light standard areamouflaged towar The antennas are flughounted onto a monopole
and a fiberglass cylinder is fitted over the antenna concealing them from Viesvbell
tower is a camouflaged latg tower. The antennas are hidden above the bells and behind
the artwork at the top of the structure.

15



Wireless Telecommunications Master PiaiPC

Figure 8 Examples of Base Stations

16




