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Chapter 

1  
Chapter 1 - Introduction 
Purpose of this document 

In 2001, Indian River County government became aware of the potential increase and 
undesirable consequences of wireless system growth, especially that growth-requiring 
construction of new communications towers.  In accordance with Federal Communications 
Commission (FCC) guidelines, the County instituted a limited-time moratorium on new 
tower construction that has now been replaced with a comprehensive wireless facilities 
siting Ordinance that protects the unique character of Indian River County.  The Ordinance 
and this Wireless Master Plan were developed in tandem and represent an overall 
planning effort for wireless facilities.   

That Ordinance, which implements the policies of this Plan governs new wireless facility 
placement and provides for orderly acceptance and processing of new facility applications.  
The Ordinance addresses both public and private concerns and provides a solution for the 
community to manage wireless deployments within its boundaries.   

The Ordinance and Plan reflect the comments, suggestions and concerns from elected 
County officials and staff, citizenry and wireless industry representatives that chose to 
participate.   The resulting development criteria in the Ordinance are unique to Indian 
River County, while conforming to industry-accepted guidelines necessary for wireless 
deployment.   The resulting Ordinance and Plan policies create a win-win situation for both 
the County and industry. 

It should be noted that the Ordinance excludes Emergency Communications facilities from 
the new Ordinance requirements.  Section 704 of the 1996 Telecommunications Act 
governs regulations related to commercial personal wireless facilities.  Since Emergency 
Communications facilities do not constitute a commercial personal wireless facility, 
construction of new towers for purposes of improving radio coverage for public emergency 
management systems can be exempt from the standards of the Ordinance. 

The purpose and intent of the Plan parallels the goals and objectives of other long-range 
plans for roadway improvements and the extension of water and sewer lines.  The Plan 
combines the land-use planning strategies used in creation of the Ordinance with the 
industry accepted radio frequency engineering standards to create an illustrative planning 
tool that complements the Ordinance.    This is accomplished first through identification of 
existing tower locations and signal coverage conditions; then by comparing this 
information to the standards of the Ordinance; followed by a series of evaluations founded 
on land use principles and engineering practices.  The Plan offers strategies to reduce 
tower infrastructure by improving efforts to “merge” wireless deployments from various 
service providers, thereby minimizing tower proliferation by increasing shared sites.   
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The Wireless Master Plan Inventory contains maps of all existing tower locations, both 
publicly and privately owned in the County, pictures of what the infrastructure looks like, 
and how many wireless providers are on those existing towers.  Based on that information, 
the Plan forecasts where additional towers may be needed for the next 10 years.  The end 
product provides a history of wireless provider deployment to date; and projects 
anticipated deployment based on current demographic trends, wireless 
telecommunications technology and market factors.   

Issues studied in the Plan creation process include the following: 

 an analysis of expected wireless facility growth for the next ten years based on 
demographic and technological trends,  

 an inventory of existing facilities (towers, buildings, and other tall structures), 

 an engineering analysis of potential coverage based on the County-mandated height 
restriction of 150-ft., 

 policies for managing the development of wireless structures over the upcoming the 
ten-year planning period. 

CityScape Consultants, Inc. 

Indian River County contracted with CityScape Consultants, Inc., of Coral Springs, Florida 
to develop the Ordinance and Plan.  CityScape is a consulting and management firm 
providing legal, engineering, and business expertise to municipalities nationwide.  This 
document was prepared by CityScape following its research and on-site analysis of the 
current state of County wireless deployment.   

The inventory 

Along with this document, CityScape has provided a wireless inventory, illustrated and 
indexed (numbered), for all existing towers and known telecommunication facilities within 
Indian River County.   

The County provided selected schools and other public facilities that could potentially be 
developed as wireless communications facility sites.  Additionally, the County was 
surveyed for tall structures that could be used for communications systems antennas.   

The inventory is key to the engineering analysis that follows. 

The engineering analysis 

The engineering analysis is based on legally defensible wireless deployment guidelines 
that are consistent with accepted engineering practices, existing and estimated future 
population density, and the use of the 1900 MHz Personal Communications Services 
(PCS) band, which is used as a foundation in CityScape’s designs.   



 

Wireless Facility Master Plan  6 
Indian River County, Florida/November 12, 2002 

The 800 MHz band services cover more land area compared to the 1900 MHz band 
services from similar heights.  Therefore, it is reasonable to assume that any new 800 
MHz systems will readily fit within the existing and planned 1900 MHz band systems 
shown in this plan.  Thus, the Master Plan computes only the 1900 MHz (PCS) system 
presenting the “worst case” wireless deployment scenario.  Future 800 MHz (cellular) and 
ESMR sites will fall into the foundation PCS footprint contained in the Plan’s evaluation. 

CityScape estimates that a half-mile “search area grid” will serve the more populous parts 
of the County (Urban Service Area) over the next ten-year period.  New facilities 
constructed under today’s technology, and those expected over the next ten-year period, 
can always be identified on a County map overlaid with half-mile radius hexagons known 
as “search areas.”  For a two-mile radius cell, a reasonable assumption with PCS 
frequencies, the half-mile search area represents an acceptable area of location 
satisfaction for the wireless provider.  Thus, any facility located within the half-mile search 
area is a good spot for the location of a two-mile radius cell. 

These half-mile search areas are numbered and considered individually in reference to the 
County tower inventory and displayed on a map.  Those search areas with an existing 
wireless tower, water tank, currently-used wireless facility rooftop, or other supporting 
structure identified in the inventory are noted, and any wireless provider needing 
deployment in that area will be directed to that existing facility, given that structural 
capacity exists. 

The County also has designated certain schools, water plants, conservation areas and 
other public property as potentially developable for wireless communications facilities. 

The more populous part of the County is within the Urban Service Area.  The Urban 
Service Area boundaries and the hexagonal search areas covering it are shown in Figure 
2 of this document. 

Based on this analysis, CityScape found that of 228 search area grids, 48 have existing 
tower facilities that could be used by wireless providers, given adequate capacity.    
However, 105 grids have no existing tower location, no tall buildings, and no otherwise 
potentially suitable County-owned property.  The remaining 75 grids have County-owned 
property or County-owned tall structures that could be utilized for wireless infrastructure 
and can be considered as potentially “developable” for new wireless facility sites. 

Wireless provider input to the Wireless Facility Master Plan 

All wireless providers active in Indian River County at the time of this project were given 
the opportunity to comment on and participate in the development of the Ordinance and 
Plan.  Some useful information has been obtained from wireless providers, but none have 
elected to fully participate in the plan to the extent of identifying future site needs in the 
County.    

All commercial wireless providers, broadcasters, and public service radio operators 
(emergency management services), are invited to provide input to the Plan at any time in 
the future by indicating where they may need new communication facilities.  Wireless 
providers may share their build-out plans with CityScape in order to determine future site 
needs.  An attempt will be made to meld the submitted plans together to obtain the best, 
least-intrusive “fit” with the guidelines set by the County.  This pre-identification process 
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gives the County’s consultant an opportunity to analyze the location of the new tower sites 
and include these locations in the adopted Plan. 

The Ordinance offers incentives to those wireless providers willing to participate in the 
Plan through a simplified zoning approval process.  For example, if a wireless provider 
requests a new tower at a location already identified for a new tower in the Plan, and 
meets the development standards in the Ordinance; then that wireless provider obtains 
staff approval to build the tower without Public Hearing zoning approval.   When pre-
approved sites are developed, plans for design are submitted to the County and the 
normal building permit process is followed since a Public Hearing is not required for the 
new tower.  

Otherwise, all applications for new towers (if permitted pursuant to the Ordinance) which 
have an overall height greater than thirty-five (35) feet in non-commercial or non-industrial 
zoning districts, or seventy (70) feet or more above ground level in commercial or 
industrial zoning districts; and all collocation, attached facilities and stealth facilities in the 
Conservation Areas must receive Special Exception approval by the Board of County 
Commissioners through the Public Hearing process prior to receiving a building permit. 

Remainder of this document 

Chapter 2 contains a County profile and statistics for cellular industry growth.  Chapter 3 
contains the engineering analysis used in the Plan.  Chapter 4 includes information on the 
existing tower inventory.  Chapter 5 contains a map indicating the County’s designated 
public facilities considered as possible wireless communications facility sites.  Chapter 6 
designates County schools for wireless development potential.  Chapter 7 designates 
other tall structures within the County.  Chapter 8 designates conservation areas within the 
County, identified as possibly developable as “stealth” facilities.  Chapter 9 summarizes all 
the potential wireless sites.  Chapter 10 discusses wireless technical issues.  Chapter 11 
provides a methodology of how to use the Master Plan.  Chapter 12 discusses human 
exposure to Radio Frequency (RF) radiation matters.  Chapter 13 summarizes the Plan.  
Chapter 14 is a wireless industry glossary. 
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Chapter 

2  
Chapter 2 - Indian River County 
Demographics 
The County 

A narrow suburban belt along the Atlantic Coast, and rural agriculture or wetlands to the 
west characterizes Indian River County.  Interstate 95 roughly divides the urbanized area 
of Indian River County from the rural portions of the County.   

St. Lucie, Okeechobee, Osceola and Brevard Counties border Indian River County.  The 
County occupies 503 square miles which is approximately the same area occupied by the 
city-county (parish) combination of New Orleans, Louisiana.  In 1980, the population was 
59,896; in 1990, it was 90,868.  The 2000 census listed 112,947 residents, which was a 
25.2 percent change over 1990.  This is consistent with Florida’s population gain of 23.5 
percent over the same period. 

Indian River County’s population is more affluent than the general population of Florida.  In 
1997, the County per-capita income was about $35,000, compared to about $25,000 for 
the state.   

Indian River’s population is also older than Florida’s as a whole.  Persons 65 years old or 
older accounted for 29.2 percent of the population in 2000, compared with only 17.6 
percent statewide.   

In 1992, 55% of the County land area was farmland.  

Citrus groves occupy much of the land area in Indian River County.  There is some 
industry along the coast and in the City of Vero Beach.  Many expensive homes line the 
thin barrier strip along the coast, separated from the rest of the County by the Indian River 
Lagoon. 

The wireless industry  

The wireless “explosion” of the 1990s has slowed considerably.  Annual subscriber growth 
rates of over 20 percent can be expected to slow for traditional cellular/PCS and ESMR 
systems as market “penetration” rises.  Simply put, the industry will reach a point where 
almost everyone who wants a cell phone already has one, but that is well into the future. 

Demand for new facilities will continue.  The industry is expected to evolve in several 
important ways, each having an effect on local governments such as Indian River County.  
First, wireless providers will offer numerous services to increase the number of airtime 
“minutes” that subscribers buy.  This will have the effect of requiring more base stations as 
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their capacities exhaust and relief is required.  Indian River County can expect to see 
applications for more towers as this trend continues. 

Next, considerable consolidation in the wireless industry may be expected.  Current FCC 
rules limit the amount of wireless “spectrum,” or frequency space, which any one wireless 
provider may own in a market.  This “spectrum cap” may be lifted in 2003.  One may look 
at the relaxing of rules restricting how many radio stations a single company may own in a 
market to get an idea of how this spectrum cap removal will affect wireless providers.  Just 
as a handful of companies own most of the country’s radio stations, so the public may see 
fewer wireless providers in the future. 

Currently, considering a market “penetration rate” of about 35%, 30,000 to 40,000 users of 
personal wireless phones in Indian River County can be expected, not counting “roaming” 
tourists.  There are approximately 35 wireless facilities in the populated areas east of I-95, 
which averages to about 1000 subscribers per base station, an industry rule-of-thumb. 

Over the ten-year period of this plan, the 2012 population may be expected to increase by 
about 28,000, if Indian River County continues to grow at the rate of 25.2 percent per 
decade.  Considering the current wireless market penetration rate, such growth will result 
in an additional 10,000 wireless subscribers.  Thus, the County can expect a total of about 
50,000 wireless subscribers by 2012. 

Based simply on subscriber increases, the total number of wireless sites will grow from 35 
presently to about 50 in the near future. 

Increased usage of wireless devises (phones, instant messaging, pagers) should be 
expected. This continual increase in used minutes will overwhelm existing sites.  A 25 % 
(percent) growth in the amount of usage per subscriber is reasonable to expect.  If that 
translates directly into new base station sites, the future total may be expected to 
approach 65—an increase of some 30 additional sites east of I-95. 

It may also be expected that broadcasters, public safety communications, and other 
services will require tower space. 
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Chapter 

3  
Chapter 3 - Procedure Used to Create Plan 
Introduction 

This Master Plan evaluates Indian River County for future wireless facility build-out.  This 
is accomplished through: 

 an inventory of existing facilities (towers and buildings),  

 an engineering analysis of potential coverage based on the County-mandated height 
restriction of 150-ft., 

 a reasonable search area template applied to the more populous areas of the County, 

 a comparison of the search areas identified to zoning regulations as contained within 
the Ordinance, 

 identification of available properties for wireless facilities within those areas, and  

 wireless provider input during plan formulation. 

The inventory 

CityScape conducted a tower inventory to identify telecommunications providers currently 
operating within the County, telecommunications facilities currently existing in the County, 
and existing structures that could potentially be used to house and support wireless 
facilities.  This inventory was performed through actual site visits, aided by research using 
the FCC’s antenna structure registration database.   

Additionally, tall structures, selected County property, selected schools, and conservation 
areas were identified and considered as potentially developable wireless communications 
sites.  Chapters 4 through 9 detail the results of these inventories and analyses.  

The tower inventory identifies concentrations of structures and build-out patterns already 
underway within the County.  Clearly, the majority of wireless facility concentration is 
clustered on the east side of the County, with some locations being less than one mile 
apart.   

The engineering analysis 

The County has mandated a new maximum height of 150-ft. for all new tower 
construction, although there are existing towers that exceed this height.  
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It is instructive to consider the available range from a 150-ft. tower.  Figure 1 indicates 
coverage estimates under typical conditions for a PCS base station (1900 MHz). 
Engineering standards indicate the average coverage radius range for a PCS base station 
on 1900 MHz at 150-ft. is 2.23 miles.  Most wireless communications facilities to be built in 
the County will fall into this category. Figure 1 indicates anticipated County coverage 
based on existing towers identified in the Wireless Facility Inventory. 

 

 

 

 

 

 

 

 

 

 

 

• Figure 1:  Average PCS base station coverage available from all possible County towers. 

 

Much of the County area is presently contained within the coverage from some existing 
tower or structure.  However, with six or more possible PCS wireless providers, two 
cellular providers, ESMR (Nextel), and different emerging technologies all developing their 
systems independently, substantial duplication of facilities will occur in the absence of any 
coordination.   

The areas shown outside of the circles indicate reduced, poor or no coverage.  Many of 
these areas are designated as Conservation Lands or primarily developed for agricultural 
purposes.   It is unlikely that total PCS coverage will be provided for those areas with such 
low populations in the foreseeable future.  However, it is likely that cellular and PCS 
coverage exists in these areas, although, interference in analogue mode may exist.   

The search area template 

Generally accepted cellular engineering principles establish a reasonable “search area” for 
a wireless base station as a circle with a radius about one-quarter that of the proposed 
cell, centered on the ideal location for the cell according to the wireless provider’s 
deployment plan.  Based on the coverage area available from a 150-ft. tower, and given a 
“handoff” zone, a reasonable search area radius is approximately one-half mile.  Cellular 
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engineers usually use “hexagons” to represent cell coverages because they fit together 
without gaps. 

The search area is ideally specified in a document given to site search consultants when 
they seek appropriate property for a new tower installation.  Any location within the search 
area is considered to be acceptable for the wireless provider.   

Cellular and PCS engineering require that the towers be precisely located.  Thus, the 
search areas are very important and should raise suspicion if they are simply circles on a 
map centered precisely on where the wireless provider hopes to build a tower. 

Based on the more populated areas of the county, half-mile search areas were overlaid on 
the County map, with a collocation attempt on existing facilities wherever possible.  The 
resulting map is shown as Figure 2. 

These search areas provide as a guide to identify any possible property within the 
suburban part of the County that could serve the needs of the wireless provider.  Should a 
wireless provider requests any type of facility location, the location will be contained within 
one of the projected search areas, and that area will have already been analyzed as to the 
most suitable alternative for that wireless provider’s facility, based upon all County zoning 
regulations and Ordinances. 
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Search area analysis 

The search areas identified in Figure 2 on the previous page are numbered and properties 
tallied in Chapter 9.   

Figure 2 shows a total of 228 search area grids.  Forty-eight (48) of the 228 possible 
search area grids, have an existing tower or antenna structure, with 10 the 48 grids each 
containing two different existing structures.  Eight (8) out of the 228 search area grids 
contain a tall building capable of having antenna mounted to the rooftops, and 5 grids 
contain tall signage parallel the I-95 corridor that may have the potential for future 
colocations.  Twenty-one (21) of the 228 search area grids contain school property. 
Conservation Areas are located in 51 grids, and 41 grids contain other County-owned 
property such as waste treatment plans.  Such sites are potential new stealth tower sites.  
Thirty-seven (37) of the grids have multiple collocation possibilities, publicly owned land or 
a combination of the two providing more than one option for new antenna sites in those 
particular grids. 

One hundred five (105) grids have no existing antenna-supporting structure, water tank, 
school or other County property.   

Comparison of search areas to zoning regulations 

CityScape researched the County’s zoning resources and has produced the following 
maps.  Figure 3 shows County areas where wireless facilities are permitted by colocation 
attachments.  “Stealth” facilities are permitted in those areas shown in Figure 4.  “Non-
stealth” potentials are shown in Figure 5.  These figures are shown on the following pages.
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• Figure 3: Colocation-attachment wireless facility zoning area. 

 

 

 

 • Figure 3:  Collocation-attachment wireless facility zoning areas. 
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 • Figure 4:  “Stealth” wireless facility zoning areas. 
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• Figure 5:  “Non-stealth” wireless facility zoning areas. 
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Chapter 

4  
Chapter 4 - Existing Towers 
County locations 

Several drive tests were conducted in the County in order to properly inventory, 
photograph and assess all existing facilities and towers.  Locations were obtained from 
County records, the FCC’s antenna registration database, wireless provider managing 
tower companies (SpectraSite, SBA, American Tower, Crown Communications), field 
observations, local staff and wireless providers. 

Figure 6 on the next page is a map of the existing towers. 

Complete information on the towers is included in the Master Plan Inventory.  Each 
location was assessed as to its potential of supporting additional antennas, should another 
wireless provider wish to colocate on that existing support structure.
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Chapter 

5  
Chapter 5 – Selected County Property 
GIS analysis 

 A GIS layer was created showing publicly owned properties for possible development of 
new wireless communications facility stealth tower sites.  These properties are illustrated 
in Figure 7 on the next page.  Locating new stealth wireless facilities on publicly owned 
property has several advantages, including improvement in “stealthing” standards and 
revenue generation for public entities.  

Leasing County-owned lands assures the County the preference of stealthing materials 
and technologies presently available to the industry.  As County sites are developed, the 
infrastructure installed becomes the precedent of how future sites should be developed on 
private land.  For example, many “tree towers” and “flag pole” towers are available to the 
industry.  But there are other creative ideas for stealthing towers; some are more 
aesthetically pleasing and more practical than others types.  As the County utilizes these 
products, these applications become the standard for future tower sites on both public and 
private land.  For example, in conservation type areas many communities utilize the tree 
tower, but fire towers can also be utilized as well as decorative signage.  As public land 
sites are considered for development, the County can specify which stealthing product 
should be used based on the underlying land use of the given property.   

Per Section 5, of Chapter 971 of the County’s Land Development Regulations, applicants 
for new stealth tower facilities must submit “photo-simulated post construction renderings 
of the proposed facility, equipment enclosures and ancillary structures as they would look 
after construction from the public domain.  Applicants must demonstrate with photo-
simulations that the placement, design and height of the proposed facility” are in harmony 
and in character with photo simulations of the area in which is it proposed.   

Leasing public lands for purposes of new wireless infrastructure can create new sources 
of public revenue.  As new sites are developed on public land, the County begins to gain 
lease revenue from that tower owner and tenant.   

Chapter 8 of the Master Plan elaborates on this issue further by providing a chart showing 
what types of tax exempt properties could be available for lease to the industry.  

The following table identifies the public land properties shown in Figure 7.   

Some of the public land sites are located outside of the zoning jurisdiction of Indian River 
County.  If the need for a new wireless facility materializes on one of these sites, then the 
potential applicant will need to apply for zoning approval from the underlying zoning 
authority.   

Photographs of some of the public water plant sites follow Figure 7. 
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Indian River County Public Property Listing  

SiteSite Address City  Zoning 
  Parks     
  Oceanfront Parks    
 Golden Sands Beach Park 10350 Highway A1A Wabasso RM-3 
South Beach Park 1702 Ocean Drive Vero Beach P-2/Parks 
Tracking Station Park 800 46th Place Vero Beach C-1A/Touris Comm 
Treasure Shores Park 11300 Highway  A1A North County RM-3 
Wabasso Beach Park  1820 93rd Street Wabasso CN 
Riverfront Parks    
Round Island Park East 2205 S. Highway A1A South County RS-3 
Round Island Park West 2205 S. Highway A1A South County RS-3 
Wabasso Causeway Park 3105 Wabasso Bridge Road Wabasso CON-1 
MacDonald/Winbrow 11805 Roseland Road Sebastian River RS-1 
Roseland Community Center Park 12973 83rd Avenue Sebastian River RS-3 
Lakefront Parks    
Blue Cypress Lake Park 7400 Blue Cypress Road   BCID 
Inland Parks    
Kiwanis-Hobart Park 5400 77th Street Vero Beach A-1 
South County Regional Park 800 20th Avenue SW Vero Beach RS-6 
West Wabasso Park 8900 64th Avenue Wabasso A-1 
Water Plants    
West Regional 8405 8th Street   A-1 
South County 2500 6th Avenue SW   RS-6 
North Beach Repump Station 1955 93rd Street   RM-6 
Sea Oaks 8815 Highway A1A   RM-6 
North County Water Plant 5150 77th Street   A-1 
North Regional 13431 U S Highway 1   RM-6 
Central WWTP 3550 49th Street   RMH-6 
Vista Royale 400 Woodland Drive   RM-10 
Ixora 180 27th Avenue SW   RS-6 
Libraries    
Main Library 1600 21st Street Vero Beach DTW/RM-10-12 
North Library 1001 Sebastian Blvd Sebastian PS-Public Service 
Other    
Land Fill 1325 74th Avenue SW  A-1 
Firing Range 10455 102nd Terrace  CON-1 
Conservation Tracts/Areas Shown on Figure 10   
Saudridge Golf Course 5300 73rd Street  A-1 
Road and Bridge/Fleet 
Management Facility 4550 41s Street  IL 

 Gifford YAC/Community Center 4855-4875 43rd Avenue  RS-6 
Leisure Square 3705 16th Street  RM-8 
County Administrative Building 1840 25th Street  H-Hospital/Inst 
Water Tower (59th and College Ln.) 1805 58th Avenue  CG 
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1.  West Regional WWTP
 

2.  South County WWTP
 

3.  South County Water Plant
 

4.  North Beach Repump
Station

 

5.  Sea Oaks WWTP
 

6.  North County Water Plant
 



 

Wireless Facility Master Plan 
Indian River County, Florida/November 12, 2002 

24

7.  North Regional WWTP
 

8.  Central WWTP
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6  
Chapter 6 - Selected Schools 
County selected certain schools 

Indian River County does not have managing jurisdiction over the Indian River County 
School Board, but the County does recognize the possibility that public school sites could 
be potential new wireless facility locations.  Light poles could be redesigned to 
accommodate wireless antenna mounts that could result in a new source of revenue for 
the School Board while also providing valuable infrastructure to the school. 

The table below and Figure 8 identify the locations of school sites that may contain 
locations for possible stealth wireless communications facilities. 

INDIAN RIVER COUNTY PUBLIC PROPERTY LISTING - SCHOOLS 
Site Address City 
Beachland Elementary 3351 Mockingbird Drive Vero Beach 
Citrus Elementary 2771 4th Street Vero Beach 
Dodgertown Elementary 4350 43rd Avenue Vero Beach 
Fellsmere Elementary 50 N Cypress Street Fellsmere 
Highlands Elementary 500 20th Street, SW Vero Beach 
Glendale Elementary 4940 8th Street Vero Beach 
Osceola Magnet School 665 20th Street Vero Beach 
Pelican Island Elementary 1355 Schumann Drive Sebastian 
Rosewood Magnet School 3850 16th Street Vero Beach 
Sebastian Elementary 400 Country Road 512 Sebastian 
Thompson Elementary 1110 18th Avenue SW Vero Beach 
Vero Beach Elementary 1770 12th Street  Vero Bac 
Wabasso Elementary 8895 US 1 Wabasso 
Gifford Middle School 2726 45th Street Vero Beach 
Oslo Middle School  480 20th Avenue Vero Beach 
Sebastian River Middle 9400 County Road 512 Sebatian 
Vero Beach High School 1707 16th Street Vero Beach 
Sebastian River High School 9001 90thAvenue  Sebatian 
Freshman Learning Center 1507 19th Street Vero Beach 
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Chapter 

7  
Chapter 7 - Other Tall Structures 
Possible support for wireless antennas 

CityScape recommends that, whenever possible, wireless providers locate their antenna 
on an existing structure rather than construct a new facility.  The County Ordinance 
encourages colocations and rooftop placements. 

There are tall buildings or other tall structures in the County.  Those identified as suitable 
for wireless antenna placement are shown in the map of Figure 9. 

One point of interest is the existence of multiple billboards and tall signage along I-95, 
especially at the SR60 interchange.  This area is identified in Figure 9.  Colocation on 
these existing structures can serve as an alternative to a new tower facility.   

Photographs of tall structures follow Figure 9. 
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1. First Baptist Church
 

2.  Sea Oaks Condominium
 

3.  Sea Colony Condominium
 

4.  Victoria Condominium
 

5.  Live Oak at A1A
 

6.  Village Spires
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7.  The Gables
 

 

● Photographs: Other tall structures 
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Chapter 

8  
Chapter 8 - Conservation Areas 
Possible locations for stealth wireless structures 

A comparison of average PCS coverage from the existing towers in Indian River County is 
shown in Figure 1 below.  As stated in Chapter 3, the areas shown without circles are 
generally characterized as rural and agricultural and are likely to have some cellular 
coverage.  Comparison to the zoning and land use classifications also identifies these 
areas as paralleling the overlay of Indian River County Conservation Areas.  Prior to the 
Master Plan, wireless providers would have to install a series of new towers around the 
perimeter of the Conservation Area boundaries to enhance coverage objectives since new 
tower facilities were prohibited in these areas.   

 

 

 

 

 

 

 

 

 

• Figure 1:  Average PCS base station coverage available from all possible County towers. 
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Including the Conservation Areas as possible locations for new towers (provided the new 
facilities are stealth towers and similar in scale and character of the Conservation Area 
lands), the County can benefit from a reduction of potential towers around the perimeter of 
the Conservations Areas while also improving coverage objectives.  Below are two 
examples of stealth towers that could be considered for the Conservation Areas.  

      

Conservation Areas, possibly useful as stealth wireless communications facility sites, are 
illustrated in Figure 10.   
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Chapter 

9  
Chapter 9 - Compiled Site Analysis 
All locations considered 

The tabulation that follows identifies existing antenna towers, tall structures, selected 
county property, and selected schools within each search area.   

Of 228 search grids, 105 have no property meeting any of the descriptions above, and 
conceptually would have to rely on some tower erection on private land if an engineering 
analysis deemed it necessary to place a tower precisely in that grid.  Given the small 
radius of the grids, however, and the expected build-out necessity in the County over the 
ten-year plan period, it is not at all certain that such facilities would be required. 
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1      
2       
3      
4      
5       
6      
7      
8      
9      

10      
11      
12      
13       
14       
15      
16 3, 5      
17       
18      
19       
20       
21      
22      
23       
24      
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25       
26      
27      
28 6      
29       
30       
31       
32      
33 6      
34       
35      
36       
37 57       
38      
39      
40 7      
41       
42       
43       
44 57       
45      
46 7      
47      
48       
49 57       
50      
51      
52      
53      
54      
55      
56      
57 54       
58       
59       
60      
61      
62      
63      
64       
65       
66      
67      
68      
69      
70 56      
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71       
72       
73      
74      
75      
76      
77 8,59      
78      
79      
80      
81      
82 9      
83 59      
84       
85      
86      
87      
88      
89 12      
90      
91 11      
92      
93 12      
94 13      
95      
96      
97 13      
98      
99      

100      
101      
102       
103      
104      
105 16      
106       
107      
108 16      
109      
110      
111      
112      
113 16,17      
114       
115      
116       
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117      
118      
119       
120      
121      
122 58      
123       
124      
125      
126      
127      
128      
129      
130      
131 19      
132      
133 18      
134      
135      
136      
137 19      
138      
139      
140      
141 21      
142      
143      
144      
145      
146       
147      
148 21      
149 55      
150      
151 20,22      
152 23      
153       
154      
155 21      
156      
157 22      
158 23      
159      
160       
161 28      
162      
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163 64      
164 24,27      
165 23      
166      
167      
168      
169      
170 64,27      
171 27       
172       
173      
174      
175      
176      
177      
178       
179      
180 31      
181      
182      
183      
184 32,33      
185       
186 53      
187      
188      
189      
190 25,33      
191       
192      
193      
194      
195 25,33      
196       
197 53      
198      
199      
200      
201      
202       
203      
204      
205      
206      
207       
208       
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209      
210      
211      
212      
213      
214       
215 50      
216      
217      
218       
219       
220      
221      
222 52      
223      
224      
225      
226      
227 39,52       
228      

Total 48 41 21 8 5 51 
 

Cluster Areas to Consider 

Three areas should be considered for a cluster of taller towers for wireless and other radio 
and broadcasting providers.   

1.  South Old Dixie and 1st Place (27deg., 36’ 6.018” N, 80deg., 23’ 33.025” W).  This is 
within a cluster of tall towers numbered 33 and 25 in the Inventory.  They are close to the 
refuse transfer station and will support broadcasting.  Signs indicate ownership by 
Pinnacle.  These towers are judged “poor” for supporting more antennas but they could be 
replaced or strengthened with minimal apparent effect on the landscape. 

2.  Old Dixie at 13th Street (27deg., 37’ 32.391” N, 80deg., 23’ 39.09” W).  This location is 
near towers numbered 24 and 27 in the Inventory.  No. 24 is a guyed tower with 
microwave and apparent TV translator antennas, and is owned by the TV cable company.  
It is judged as “poor” in its remaining capacity.  No. 27 is apparently owned by AT&T, and 
due to apparent loading, its colocation potential was judged as “fair.”  Either or both towers 
could be replaced with a tower to support other providers, or another tower could be 
added, with minimal effect on the landscape. 

3.  Hobart Road/Hobart Park (27deg., 44’ 5.5” N, 80deg., 26’ 25.013” W, and 27deg., 44’ 
12.703” N, 80deg., 26’ 29.335” W).  These are the “Old” and “New” Hobart towers, 
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respectively.  They are listed as numbers 59 and 8 in the Inventory.  The old tower is a 
light-duty guyed tower judged “poor” for colocation potential; the new tower is a heavy-duty 
guyed tower supporting numerous public service and two-way antennas and was likewise 
judged “poor” due to its loading.  Another tower could be added in this area with minimal 
impact, or the “old” tower could be replaced. 

Implications of County buildout 

Figure 11 on the following page shows County coverage if a wireless communications 
facility were developed at each of the suggested County properties.  Very little of the 
Urban Service Area is left uncovered, except for gaps at the top and roughly at the center 
of the coast. 

The assumption made was that a coverage site was developed at each County property, 
operating on the 1900 MHz band with a “handoff coverage radius” of about 1.8 miles.  In 
short, County property could supply most of the coverage needs for wireless providers in 
Indian River County. 

Figure 1 below generally illustrates the extent of PCS coverage from the existing tower 
inventory in Indian River County.  Figure 11 on the following page generally illustrates the 
extent of PCS coverage from available public properties.  A comparison between Figures 
1 and 11 demonstrates the close proximity of public lands to a significant portion of 
existing towers on private lands.   

To avoid tower proliferation, the County requires new applicants to use existing towers 
first.  The Ordinance provides a hierarchy of preferable locations for new wireless antenna 
structures which requires the use of colocation on existing support structures before 
requesting a replacement tower or a new antenna support structure altogether.  Once 
existing towers fill with antenna arrays, new towers necessary for emerging technologies 
should be located on public lands as stealth facilities, thereby establishing a precedent for 
stealthing techniques and products as well as revenue to the County. 

 

 

 

 

 

 

 

 

• Figure 1:  Average PCS base station coverage available from all possible County towers. 
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Chapter 10 - Wireless Technical Issues 
Height considerations 

It is sometimes believed that “higher is better” from a personal wireless services tower 
perspective.  This was true several years ago, but presently most systems do not benefit 
from higher antenna locations.  In fact, the antenna height at each base station is carefully 
engineered for the provider’s chosen technology along with the design capacity of the 
base station.   

All wireless communications systems depend on the concept of resource re-use to 
achieve their service areas.  In some technologies, the individual channel frequencies are 
re-used every few towers, but not too closely, since harmful interference would result.  In 
other systems, power from one base station can interfere with the users on another, which 
will negatively impact the local operation.  In all cases, therefore, it is undesirable for the 
mobile unit to detect (“see”) any other facility except the facilities in very close proximity. 

In most rural areas, wireless providers seek to maximize height in new systems in order to 
provide continuous coverage.  In urban-to-suburban areas, however, capacity rather than 
coverage becomes a limiting component after initial deployment as traffic demand 
increases.   Antennas located at a higher level on a facility may be more attractive in some 
rural areas, but in many cases, the wireless providers seek to deploy lower antennas in 
urban and more developed areas, and sometimes providers strive to have the lowest 
antennas on the tower. 

The height varies with each wireless provider, each location and each build-out plan.  
Thus, wireless providers will vie for differing heights on a single tower, preventing multiple 
wireless providers from using the same height, or even the same antennas, in most cases.   

An important part of any tower application is verification of the wireless provider’s 
proposed height requirements against generally accepted engineering principles.  

Search areas 

The first consideration related to height and location is the placement of a reasonable 
search area for the wireless provider’s tower.  The search area is ideally specified in a 
document given to site search consultants when they go out looking for a lease on which 
to build a tower.  Any location within the search area is considered to be acceptable for the 
wireless provider.   

Chapter 

10 
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Cellular and PCS engineering require that towers be precisely located.  Thus, search 
areas are very important and should raise suspicion if they are simply circles on a map 
centered precisely where the wireless provider hopes to build a tower. 

Cellular search areas are usually circles of approximately one-quarter the radius of the 
proposed service area.  In practice, it is fairly simple to determine whether the search area 
radius is reasonable.  The distance from the closest existing site is determined, halved, 
and a handoff “overlap” of about 20 percent is added.  One fourth of this radius is the 
search area radius.  Search areas much larger or smaller than this may be spurious, 
created to justify or legitimize a certain area, and should be rejected. 

Likewise, proper search area location is a key element in assurance that a site is justified.  
Generally, new sites are somewhat equally spaced with respect to existing sites.  
However, terrain, capacity and other issues may properly lead the site to be located such 
that it is not equally spaced with respect to existing sites.  Typically, the wireless provider 
may be asked to provide a frequency grid, or some coverage predictions, to indicate that 
the site is properly located. 

Height verification 

Various software routines, formulas and drive test methods are used to determine if a 
certain tower height is reasonable.  A series of formulas derived from the work of Okumura 
is typically applied to a given situation to gauge height reasonability.  If the requested 
tower seems much higher than calculations would permit, the wireless provider is called to 
justify the greater height. 

Taller towers offer more opportunity for colocation, and potentially could stem the numbers 
of additional towers required in an area. 

Emerging Technologies 

Wireless providers are presently deploying new equipment to support data services over 
the wireless interface.  One of the first of these deployments has been a Global System for 
Mobile Communications (GSM) overlay on top of existing facilities, in recognition of GSM's 
data-handling capability. 

In most cases, a GSM overlay is accomplished by placing a new BTS (base transceiver 
station) cabinet into an existing shelter or near the tower base.  In many cases, new 
antennas are required, which is of interest to the County because they take up space just 
as a "new" provider would.   

Particular operating bands also affect the County's interests.  In certain cases, like AT&T's 
case, the GSM overlay is on 1900 MHz, where signals only cover about half the distance 
of the existing system, implying more locations will be required.  For example, AT&T's 
existing system is rock-solid at the SR-60/I-95 interchange, whereas the new GSM 
network didn't penetrate one of the hotels in a recent test.  Thus, more coverage cells are 
needed. 
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Digital television and radio conversions can also require more tower space.  Indian River 
County has three Low-Power low height TV stations that have no requirements to upgrade 
to DTV, due to their secondary status.  Vero Beach has one full-power TV station but its 
transmitter is located outside the boundaries of the County and thus a DTV conversion is 
unlikely to affect the County.
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Chapter 

11  
Chapter 11 - How to Use This Plan 

The Master Plan Inventory and Master Plan are planning tools designed to complement 
the text of the Ordinance.  By using these documents together, County representatives 
can respond to inquiries from the industry and community more quickly and accurately.  
The maps identifying the location of the existing tower infrastructure and tables containing 
tower information will aid in directing the industry to utilize existing facilities and 
infrastructure.  These materials also serve as a cross-reference for verifying information on 
new equipment permit applications for new wireless infrastructure.   

This concept, tailored to the specific provisions of Chapter 971, “Wireless Facilities 
Ordinance”, will save time when prospective wireless providers require site evaluation.  
Each possible wireless provider location will be “pre-evaluated” to determine the location 
alternatives that the Ordinance allows.  Most importantly, however, when used in 
conjunction with one another, the Ordinance, Inventory, and Master Plan will ensure that 
ultimate buildout of wireless facilities will be consistent with the overall character of Indian 
River County. 

An example of how the process could flow includes the following steps: 

1) A phone call, office visit or application package is received by the County and 
compared against the Ordinance, Inventory and Master Plan.  

2) The proposed facility is located on the grid map.  The grid shows any 
potential colocations, alternatives and any County property that could be 
developable. 

3) The proposed construction is evaluated against the Wireless Facilities 
Ordinance to determine compliance for the type of construction requested. 

4) The proposed facility search area is evaluated for size and correct 
placement. 

5) The height requested is evaluated for correctness using the tables in this 
Chapter on page 47. 

6) Location and design criteria are applied to achieve the least obtrusive facility 
possible, given the engineering needs of the applicant. 

7) Staff renders a decision on the proposed request.   
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Application evaluation 

Section 5 of Chapter 971, “Wireless Facilities Ordinance”, sets forth the submission 
requirements that apply to each wireless facility application.  Each application will initially 
be evaluated for completeness based on the applicable requirements. 

As a first step in the determination process, the applicant’s package must state the zoning 
classification of the area in question, as well as the precise location.  It should be possible 
to determine which hexagonal search area grid in which the proposed construction is 
located. 

Chapter 3 discusses determination of a “reasonable” search area.  The applicant’s 
package should contain, at a minimum, the following, in order to allow Staff to determine if 
a reasonable search area exists (see number 4, Search Area Evaluation below): 

 A graphical representation, and an accompanying statement, of the coverage area 
planned for the cell to be served by the new antenna supporting structure.  This can 
be in the form of a propagation plot, a simple line drawing on a map, or any 
mechanism that clearly indicates what the cell coverage radius will be. 

 A graphical representation, and an accompanying statement, of the search area used 
to locate the prospective antenna supporting structure parcel.  This can be in any of 
the forms listed above. 

 A graphical representation of the surrounding “handoff” sites near the proposed 
location. 

Application evaluation against Ordinance 

The proposed construction is evaluated against the Ordinance to determine compliance 
for the type of construction requested.   

The applicant must also adequately demonstrate that compliance with all locational and 
design criteria has been achieved. 

Height evaluation 

The height requested can be evaluated for correctness using the tables in this Chapter.  
The tables on the following page show calculated tower heights for various coverage 
distances.  These numbers are based on suburban land use conditions, and a BTS gain 
of 135dB.   
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The Okumura-Hata or COST-231 formulas are applied as appropriate for 800 MHz 
(cellular and ESMR band) wireless providers: 

Antenna Height, ft (m) 50’ (15 m) 80’ (24 m) 100’ (30 m) 115’ (35 m) 150’ (46 m) 
Freq (MHz) 850 850 850 850 850 
Radius, mi 2.53 3.20 3.60 3.88 4.50 
Allow for handoff 2.03 2.56 2.88 3.10 3.60 
Search area, mi (km) 0.51 (0.82) 0.64 (1.03) 0.72 (1.16) 0.78 (1.26) 0.90 (1.45) 

 

For 1900 MHz (PCS) wireless providers: 

Antenna Height, ft (m) 50’ (15 m) 80’ (24 m) 100’ (30 m) 115’ (35 m) 150’ (46 m) 
Freq (MHz) 1900 1900 1900 1900 1900 
Radius, mi 1.33 1.64 1.82 1.95 2.23 
Allow for handoff 1.07 1.31 1.46 1.56 1.79 
Search area, mi (km) 0.27 (0.43) 0.33 (0.53) 0.36 (0.58) 0.39 (0.63) 0.45 (0.72) 

 

For instance, if a 1900 MHz wireless provider applies for a new antenna support structure 
and supporting data show that the coverage expected is one mile, the maximum height 
necessary would be approximately 50 feet, according to the table above.  If the wireless 
provider proposes an antenna at a height considerably greater than the maximum 
necessary, then additional supporting data, in the form of drive tests and more complex 
propagation plots should be requested. 

Note that this objective evaluation methodology is not absolute.  For instance, vegetation 
and “clutter” (buildings) may render the “cook-book” analysis inappropriate for a certain 
situation.  However, County Staff should be able to evaluate some simple situations 
completely, and at the least, gather much required information, prior to calling in expert 
help. 

The burden of proof for the required height is placed on the applicant.  The required height 
must be based on clearly demonstrated coverage needs, as evidenced by propagation 
plots that show the coverage of the new site “before” and “after” deployment.  In no case 
will a higher tower proposed simply for the speculative purpose of future colocations be 
automatically approved. 

Search area evaluation 

Section 5, Chapter 971, “Wireless Facilities Ordinance”, also sets forth policies intended to 
reduce or discourage the proliferation of new antenna-supporting structures, or towers.  To 
that end, the Ordinance precludes approval of any new tower where an existing tower, or 
other appropriate structure, can reasonably accommodate the needs of the applicant.  In 
addition to the requirement that new applicants demonstrate good faith coordination with 
competing wireless providers, the applicant must demonstrate that alternatives to the 
proposed new tower do not exist. 

In order to determine the feasibility of potential alternatives, Staff must first assess the 
“reasonableness” of the search cell proposed by the applicant as follows: 
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• To determine if the radius of the proposed cell’s coverage is reasonable, it is 
necessary to compare any coverage deficiency currently existing with the 
coverage that will exist following deployment.  The new cell’s footprint should fit 
like a jigsaw puzzle piece within the coverage hole the wireless provider hopes to 
fix. 

• As discussed in Chapter 3, “Search Areas,” to determine if the search area radius 
is reasonable, the proposed cell’s coverage radius is reduced by approximately 
20%, and the result is divided by four to obtain a reasonable radius.  If the radius 
is grossly over- or under- one quarter of the handoff coverage radius, the wireless 
provider should be asked for an explanation. 

• To determine if the search area radius is fairly located, a comparison with the 
existing and surrounding sites is made.  In general, the new site should be 
roughly equidistant from those surrounding sites.  If the search area greatly favors 
the direction of one or another existing cell, the applicant should be asked for a 
clarification. 

Note that some cells are “capacity cells,” designed to relieve a congested BTS.  Those 
cells may indeed favor a particular cell geographically.  However, unless the applicant 
designates a proposed cell as such, Staff should consider any site within the proposed 
search area as adequate. 

Proposed facility located on Grid map  

The Ordinance restricts areas where new non-stealth facilities are allowed and requires 
that no new non-stealth antenna-supporting structure will be allowed unless the applicant 
demonstrates that colocation, surface- or roof-mounting, replacement of an existing 
antenna support structure or stealth wireless communication facility alternatives are not 
available.  In order to determine the availability of these alternatives, and having assessed 
the reasonableness of the proposed search area, the following procedures should be used 
to respond to requests for new collocation or towers.   

First, look at Figure 2 and identify the grid search area within which the proposed site is 
located.  Second, based on the identified search area, reference the Site Roster set forth 
in the Wireless Facility Inventory to determine whether an existing structure or publicly 
owned property exists within the applicants search area which may reasonably 
accommodate the proposed facility. If such a facility does exist – a tower, water tank, or 
sign for example – the applicant should be asked to demonstrate why colocation on the 
existing facility is not possible.  The applicant should be asked to provide additional data 
and engineering information if the potential for one of these alternative mounts is disputed. 

If an existing facility is not located in the search area grid, then the Site Roster should be 
reviewed to determine if a publicly owned site is within the applicants search area.  If 
County-owned property is available the applicant should be asked to consider that land as 
a possible candidate for a new stealth tower. 
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Staff decision 

Staff renders a decision on the proposed construction, or sends the application out for 
further review.  Given that the wireless provider’s application is complete and complies 
with the steps listed above, staff should be able to make a decision on the 
appropriateness of the application.  Colocations, rooftops, and surface-mounts should be 
straightforward.  Applications clearly showing the need for a new tower, however, may 
require analysis and interpretation of data outside of the Staff’s experience level. 

Stealth facilities 

The Ordinance requires that an applicant demonstrate that a stealth facility is not a viable 
alternative to a proposed new tower, before a new non-stealth tower will be considered for 
approval.   

In the case of “stealth” communications facilities, expert review may be required to 
evaluate installation effectiveness.  A “stealth” facility can be expensive and less flexible 
for a wireless provider.  It requires special engineering beyond the usual catalog choices 
for towers.  Any questions about stealth installations should be referred to a third party 
consultant for review and assistance. 
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Chapter 

12  
Chapter 12 - Human Exposure to RF 
Radiation 
Guidelines 

The FCC has rules for human exposure to electromagnetic radiation.  Cellular and PCS 
installations must be checked to ensure compliance with published standards.   

Radio Frequency (RF) radiation drops off very rapidly with distance from a wireless 
services antenna, and most wireless sites, not accompanying broadcast facilities, will 
“pass.” 

Certainly there are human concerns about RF radiation exposure.  Microwave ovens cook 
food by exposing RF to it.  A hand in the microwave would come out cooked, and thus 
there’s no question that RF exposure, if at a high enough level, and for long enough, can 
be harmful to human beings. 

The RF exposure rules adopted by the FCC are based on the potential for RF to heat 
human tissue.  Basically, the level at which human tissue heating occurs has been 
studied, and rules are set such that humans are not to be exposed anywhere near the 
level that can cause measurable heating.   

Debate continues on whether or not there might be biological effects associated with “non-
thermal” causes, such as magnetic fields.  

Base stations  

For the cellular and PCS bands, human exposure limitations are given in terms of “power 
density,” with the units mW/cm

2

.  The power density associated with a cellular/PCS 
installation may be easily calculated or measured with instruments. 

“Time averaging” is used along with the level measured.  This means that the level must 
not exceed the standard value over any period.  For instance, if the standard calls for a 
limitation of 1.0 mW/cm

2

 averaged over 30 minutes, the standard permits a level of 2.0 
mW/cm

2

 for up to 15 minutes as long as this is followed by a 15-minute period of no 
exposure.  

In general, the FCC’s “general population/uncontrolled” exposure limitation must be used 
in the PCS service, unless it can be clearly demonstrated that unsuspecting persons 
cannot be radiated at standard levels from a site. 
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In many cases, no field evaluation is required, since the site is “categorically excluded,” 
based on the presumption that in its radio service there is no possibility of an excessive 
RF level.  For example, PCS sites on towers with the antennas higher than 10 meters and 
a power less than 2000 Watts require no further consideration. 

In general, single provider installations on towers will be categorically excluded, as will 
many rooftop sites.  Multiple provider colocations and very high power sites will require 
further consideration. 

In those cases, a simple evaluation procedure recommended by the FCC is used. 

Limits for General Population/Uncontrolled Exposure 
Frequency Range 

(MHz) 
Electric Field 

Strength (V/m) 
Magnetic Field 
Strength (A/m) 

Power 
Density 

(mw/cm2) 

Averaging 
Time 

(minutes) 
0.3-1.34 614 1.63 (100)* 30 
1.34-30 824/f 2.19/f (180/f2) 30 
30-300 27.5 0.073 0.2 30 
300-1500 (includes 
cellular radio 
service) 

-- -- f/1500 30 

1500-100,000 
(includes PCS) 

-- -- 1.0 30 

f = frequency in MHz 
* = Plane-wave equivalent power density 

 

Most PCS installations will be evaluated for compliance with this table.     

In consideration of how conservative the evaluation method is, an engineer may want to 
make actual power density measurements.  In almost all cases, those measurements will 
be far less than the calculated values.   

If the site truly doesn’t “pass,” some alternatives include: 

 Limit the site access such that only authorized personnel can reach the vicinity of the 
antennas.  The applicable standard then becomes the “occupational/controlled” one. 

 Raise the antennas. 

 Lower the power. 

 Limit the possible exposure time such that time averaging brings the site into 
compliance. 

 Re-position antennas such that people cannot get close to them. 

In the case of a multi-transmitter facility, it is necessary to evaluate each contributor 
individually.  Its “percent of standard” figure is computed (or measured), and added 
together to other percentage figures to determine the total site exposure. 
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Phones 

In July 2001, the FDA issued a Consumer Update on Wireless Phones, which stated that 
"[t]he available scientific evidence does not show that any health problems are associated 
with using wireless phones," while noting that "[t]here is no proof, however, that wireless 
phones are absolutely safe."  

The FCC issued a Consumer Information Bureau Publication in July 2001, which stated 
that "[t]here is no scientific evidence to date that proves that wireless phone usage can 
lead to cancer or other adverse health effects, such as headaches, dizziness, elevated 
blood pressure, or memory loss." 

Before a wireless phone model is available for sale to the public, it must be tested by the 
manufacturer and certified to the FCC that it does not exceed limits established by the 
FCC.  

One of these limits is expressed as a Specific Absorption Rate, or "SAR." SAR is a 
measure of the rate of absorption of RF energy in the body. Since 1996, the FCC has 
required that the SAR of handheld wireless phones not exceed 1.6 watts per kilogram, 
averaged over one gram of tissue.  

Steps one can take to minimize RF exposure from cell phones: 

 Reduce your talk time. 

 Place more distance between your body and the source of the RF 

 Use a phone with an antenna on the outside of the vehicle.  

The FDA stated "[t]he scientific evidence does not show a danger to users of wireless 
phones, including children and teenagers.”  People who wish to reduce their RF exposure 
may choose to restrict their wireless phone use. 
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Chapter 

13  
Chapter 13 - Summary 
Policies 

CityScape has concluded an analysis of the County, its potential for wireless phone use in 
the future, its communications infrastructure, and has assisted in re-writing the Ordinance.  
Based on this work, the following policies are established: 

1. New wireless facilities over 70’ in height should be evaluated by a qualified party 
for verification of proposed new tower need, location and height. 

2. Applications and requests for new facilities should be checked against the search 
area grids to determine a possible location with the least impact, as mandated by 
the terms of the Ordinance. 

3. Where towers exist, and there is adequate capacity, the wireless facility should be 
located on that tower, if possible.  If it is necessary to increase the existing tower 
capacity through re-building or replacement, then that is a preferable option to 
construction of an additional facility. 

4. Where other structures exist, with sufficient height to accommodate the wireless 
antennas, that structure should be used for the new antennas. 

5. Where water or sewer treatment plants exist, they should be used for new 
wireless facilities, where possible. 

6. Where County property exists in or near a search area, that property should be 
evaluated by preferences in the Ordinance to find the least-intrusive option for 
placement of the new facility.  If the site can be accommodated on County 
property, and agreeable business terms are possible, development of tower 
locations on County property can serve as an attractive revenue opportunity for 
the County. 

7. Where no existing tower, tall structure, or publicly-owned property exists, private 
property solutions should be sought so as to make the least impact and serve as 
great a number of wireless providers as possible. 

8. Wireless providers should be encouraged to participate in the Wireless Facility 
Master Plan and share their build-out plans with the County’s consultant. 
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Chapter 

14  
Chapter 14 - A Wireless Glossary 

 

AMPS: 

 

Advanced Mobile Phone Service, the Bell System and FCC name for the 
original, analog cellular service. 

ASICS: Application specific integrated circuits. 

Baseband: The waveform used to modulate a transmitter. 

Beamwidth: The angular distance swept out between the half-power points of an 
antenna. Antennas have both horizontal and vertical beamwidths.  The 
“gain” is assumed to be constant within the antenna’s beamwidth. 

Blocking: A condition of insufficient resources in a cellular network, causing “no 
service” conditions.  Common causes are lack of hardware resources in cells 
or the switching machine, or too few interconnecting trunks to the local 
telephone network or long distance wireless providers. 

BTA: Basic trading area, smaller geographical regions that comprise the service 
area of PCS C-F blocks. 

BTS: Base transceiver station, equipment and facilities supporting the radio 
interface of a wireless call, including transmitters, receivers and antennas. 

Busy-Hour: That time of day when the most traffic is offered to the system or the cells. 

C/I: Wireless provider-to-interference ratio; a quality metric for cellular systems. 

Carson’s Rule: Rule of thumb approximating the bandwidth of an FM radio transmitter.  
Carson’s rule says that the bandwidth is equal to twice the frequency 
deviation plus the highest frequency in the modulating baseband. 

CCS: “Centum call seconds”; a unit of traffic measurement.  One Erlang = 36 CCS 
= 60 minutes of use (MOU). 

CDMA: Code division multiple access. An access method where each wireless 
system user is assigned a recoverable code (or codes) to distinguish his 
channel. 

Circuits: Another name for trunk.  An interconnecting facility to the local exchange 
wireless provider or long distance wireless provider. 

Coaxial cable: A type of “unbalanced” cable used for transmission lines, composed of an 
inner conductor, an outer shield, and a separating dielectric material. 

Collinear: A type of antenna with multiple radiating elements arranged in a line. 

Combiner: A device which takes several transmitter inputs and produces a common 
output, usually for the purpose of driving a single antenna. 

Companding: A process where the amplitude of an analog signal is compressed during 
digital sampling, and expanded during the reception process, to reduce the 
ultimate bandwidth required for digital transmission. 
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Cross-polarized: An undesirable situation where the transmitting and receiving antennas have 

differing polarizations, leading to additional path loss. 

CW: Continuous waves.  CW is a term meaning Morse code transmission or 
unmodulated wireless providers used by test transmitters. 

dBd: Antenna gain with respect to a dipole reference. 

dBi: Antenna gain with respect to an isotropic reference. 

dBm: Antenna gain with respect to an isotropic reference. 

Dielectric: The insulating material inside coaxial cable, filling the void between the 
center conductor and the shield.  This is usually foam or air. 

Dipole: A resonant antenna type, one-half wavelength long, fed by RF at the center. 

Directional Coupler: A device allowing simultaneous sampling of forward and reflected power on 
a transmission line. 

Downlink: The transmission path from the base station to the mobile. 

Downtilt: A method of focusing radiated antenna power toward the earth, 
accomplished by electrical or physical means. 

DQPSK: Differential quadrature phase shift keying.  A modulation method with 
symbols distinguished as being one of four phase states, allowing two bits of 
information per symbol.  Used in TDMA transmission. 

DS-0: The standard quantum of digital telephony, with a 64 kb/s bit rate. 

Dual-polarized antenna: A receiving antenna that achieves decorrelated branching by exploiting two 
orthogonal sets of elements within a single package. 

Duplexers: A receiving antenna that achieves decorrelated branching by exploiting two 
orthogonal sets of elements within a single package. 

EIA/TIA 553: The standard for AMPS cellular systems. 

EIRP: Effective isotropic radiated power.  The power entering an antenna, whose 
gain is expressed relative to an isotropic source, plus the antenna gain. 

Erlang: The standard unit of traffic measurement.  A trunk in continuous service for 
one hour produces one Erlang of traffic. 

Erlang-B: A model which gives the number of trunks required to accommodate a given 
amount of traffic with a particular blocking rate.  Erlang-B requires that 
blocked calls be cleared from the system. 

ERP: Effective radiated power.  The power entering an antenna, whose gain is 
expressed relative to a dipole, plus the antenna gain. 

ESMR: Enhanced specialized mobile radio.  The FCC service systems such as 
Nextel operate under. 

Fade Margin: An additional amount of gain inserted into a radio link to compensate for the 
occurrence of fading, boosting the system’s reliability. 

Far-field region: That zone in an antenna array’s radiation pattern that begins where the 
individual element’s contributions converge into the expected pattern, 
generally ten times the spacing of the internal elements away from the 
antenna. 

FDMA: Frequency division multiple access.  An access method where individual 
frequencies assigned to users constitute the channel. 
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First Fresnel Zone: A locus of points surrounding a radio transmission path where the distance 
from one end to any point on the zone radius, plus the distance from the 
point to the other end, is one-half wavelength longer than the direct path. 

FM: Frequency modulation.  A modulation technique where the wireless provider 
frequency is changed in step with the changing amplitude of the information 
baseband. 

Free space: Propagation environment where the first Fresnel zone is clear of 
obstructions. 

Front-to-back Ratio: The difference in gain between the forward and reverse directions of an 
antenna. 

FSK: Frequency shift keying.  A digital modulation method where information is 
expressed by frequency transitions between two or more frequencies. 

GMSK: Gaussian minimum shift keying.  An FSK method where the transitions 
between frequencies do not produce an abrupt phase transition, and the 
input is passed through a Gaussian filter prior to transmission.  Used by the 
GSM system. 

Grade Of Service: The guaranteed blocking percentage for a wireless or telephone system at 
the busy hour. 

GSM: The Global System for Mobile Communications, a TDMA system with eight 
users per frequency employing slow frequency hopping for additional 
resistance to interference. 

Handoff: A process where a call is transferred from one base station to another in 
order to continue conversation while moving. 

Horizontal Plane Pattern: One of the two patterns that describe an antenna’s radiation characteristics.  
The horizontal pattern plots antenna gain through 360 degrees of azimuth. 

Half-power points: Two points surrounding the main boresight azimuth of an antenna, which 
mark the azimuths at which the gain drops by 3 dB. 

IMTS: Improved Mobile Telephone Service.  A mobile telephone precursor to 
cellular, operating in the VHF and UHF bands without frequency reuse. 

IS-54: The initial TDMA standard, providing for digital traffic channels but using the 
AMPS control channel.  Updated by IS-136. 

IS-95: The CDMA standard on 800 MHz. 

IS-136: The TDMA standard for 800 and 1900 MHz. 

Isotropic: An antenna that radiates equally well in all directions, used as a reference for 
specifying antenna gain. 

J-Std. 008: The CDMA standard on 1900 MHz. 

Link Budget: A method of adding all the gains and losses in a system to determine the 
amount of attenuation that can be accommodated and still have effective 
communications. 

Log-periodic: A directional antenna using parasitic coupling and direct RF feed to each 
element. 

MOU: Minutes of use; 1 Erlang = 60 MOU = 36 CCS. 

MSA: Metropolitan statistical area; the original geographic areas including major 
cities where cellular systems were licensed. 

MSC: Mobile switching center. 
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MTA: Major trading area; large geographical areas constituting the coverage areas 

allowed for PCS systems on the A and B blocks. 

N_AMPS: Narrowband AMPS; a way enhance capacity by dividing each analog 
channel into three channels, 10 kHz wide.  Specified in standard IS-91. 

Near-field: That area close to an antenna where the pattern contribution of individual 
elements has not yet converged. 

Nyquist Rate: The rate at which an analog signal must be sampled in order to avoid 
distortion in the digitization process.  The rate is twice the highest frequency 
in the signal. 

Offset QPSK: A form of quadrature phase shift keying where the two bits causing the 
phase changes are not allowed to change simultaneously, in order to avoid 
“zero crossings” which increase bandwidth and require linear amplification.  
Used in CDMA handhelds. 

Parasitic coupling: A situation where an object has a RF current induced in it due to proximity to 
another RF radiator (such as an antenna element), causing the object itself 
to radiate electromagnetic waves. 

PCM: Pulse-code modulation, a digital modulation method whereby an analog 
signal is sampled, the samples are assigned binary numbers, and 
transmitted. 

PCS: Personal communications services; a wireless communications service in 
the 1900 MHz band. 

PM: Phase modulation.  A modulation method where the phase of the wireless 
provider is varied in response to the amplitude of a baseband signal. 

Polarization: The orientation of the electric field of an electromagnetic wave with respect to 
the earth; frequently the same as the orientation of the antenna.  Vertical 
antennas produce vertical polarization, etc. 

Propagation: The action of the travel of electromagnetic waves through space or other 
objects. 

PSK: Phase shift keying; a digital modulation method where the wireless provider 
shifts between two or more phases to represent the baseband information. 

QAM: Quadrature amplitude modulation.  A digital modulation method where the 
wireless provider shifts between one of four amplitudes to represent the 
baseband information. 

QCELP: The vocoder type used in the CDMA system. 

QPSK: Quadrature phase shift keying; a digital modulation method where the 
wireless provider shifts between one of four phase states to represent the 
baseband information; two bits can be represented per change. 

Rayleigh fades: Rapid, deep fades encountered by moving mobiles, compensated for by 
using diversity techniques. 

Return loss: The apparent attenuation of a radio signal applied to a transmission line, 
expressed as the ratio of forward power to reflected power in dB. 

RPE-LTP: Regular pulse excitation with long-term prediction; the vocoding method 
used in GSM. 

Shannon’s Theorem: A theorem relating the bandwidth of a signal to the information carried:  one 
Hz of bandwidth is required per bit of information. 

Slow Fading: Fading that mobiles encounter while driving behind objects or clutter in the 
environment; also called “log-normal” fading. 
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Space Diversity: A method of combating mobile fading by using two physically separated 
antennas for uplink reception in order to obtain two, decorrelated signals 
from the mobile. 

Spreading Loss: The attenuation a radio signal experiences as it travels away from its origin. 

Superheterodyne: A receiver type where the incoming RF signal is “mixed” with a local 
oscillator in order to produce a lower, “intermediate frequency,” which can be 
detected, amplified and tuned easier than the incoming signal. 

TDMA: Time division, multiple access.  An access method where each user may 
utilize the entire channel bandwidth, but only for periodic slices of time. 

Transmission Lines: Cable that carries a radio signal from the base station to the antenna. 

Trunk group: A set of trunks or circuits (interconnecting phone lines) between two points, 
such as between a cellular switch and the local exchange wireless provider. 

Trunking Efficiency: The principle, explained by the work of Erlang, that larger trunk groups are 
more efficient than smaller trunk groups for a given blocking rate. 

Trunks: A circuit, phone line or other connecting facility between two communications 
entities. 

Uplink: The transmission path between the mobile and the base station. 

VLSI: Very large scale integration (integrated circuits). 

Vocoder: A device which intelligently processes speech in a communications system, 
resulting in a set of attributes for the speech in order to limit the transmitted 
bandwidth. 

VSELP: Vector sum excited, linear predictive.  A vocoder type used in IS-136, 
resulting in a set of vectors referencing a codebook of values for 
compression and expansion of speech. 

VSWR: Voltage standing wave ratio, a quality metric describing the ratio of forward to 
reflected power on a transmission line. Perfectly matched lines have a 
VSWR of 1:1. 

Wavelength: The length in meters of a single cycle of a sine wave; λ = c/f, where c is the 
speed of light (300,000,000 m/s) and f is the frequency in Hz. 

Wireless Base Station: A radio transmitting and receiving site supporting the interface to mobile 
telephone users’ phones, consisting of transmitters, receivers, and an 
antenna supported on a structure such as a tower or rooftop. 

Yagi: An antenna type with a single driven element to which RF is applied, and 
one or more parasitically-coupled elements. 

Zo: The characteristic impedance of a transmission line. 

µ-law: The companding algorithm applied in the US and Canada. 

 


