
 PRELIMINARY WIRELESS NETWORK 
DESIGN 

 FOR  
Blair County 

broadband planners
DESIGN NINE

DRAFT v1 Document for Review 
5/15/2020

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

²
Created: 05/18/2020

Credits: Esri, NOAA, USGS, Blair County GIS

0 105
Miles

Tyrone Tower

Arch Spring Tower

Bellwood Antis Elementary
School Tower

Wopsononock Tower

Williamsburg Tower

Huston Township Tower

Canoe Creek Tower

Central High
School Tower

EOC 911 Tower

Brush Mountain Tower

Dunning 911 Tower

Hollidaysburg Tower

Foot of Ten
Elementary
School Tower

Newry Tower

Blue Knob 911 Tower

Claysburg Tower

County Wide Wireless Network Design
Blair County, PA

Primary Limited Access or Interstate

Primary US and State Highways

Secondary State and County

#* 'Fit-Up' to Existing County Owned Tower

#* New Tower on County Owned Land

#* New Tower on Private Land

Confirmed Wireless Point-to-Point(ptp)
Line of Sight

Clapper Town Tower



TABLE OF CONTENTS 
Connectivity Solutions	 1


Overview of the Technology 1 .................................................................................................................
Wireless Technologies 1 ...........................................................................................................................
Emerging Wireless Technologies 2 .........................................................................................................
Dark Fiber and Lit Fiber 4 .........................................................................................................................
The Meet-Me Box Concept 5 ...................................................................................................................
Terrain Challenges 5 .................................................................................................................................
Connectivity Solutions 6 ...........................................................................................................................
Small Cell Broadband Poles 10 ................................................................................................................
Nano-Cell and WiFi Calling Service 11 ...................................................................................................

Blair Design Overview and Cost Estimates	 12

Wireless Network Tower Design 14 ........................................................................................................
Wireless Phase Cost Estimates 19 ...........................................................................................................
Tower and Wireless Network Development Activities 21 ....................................................................
Tower Cost Detail 23 .................................................................................................................................
Estimated Timelines for Completion 28 .................................................................................................

Working with WISPs	 29

Attracting Providers to the Network 29 ..................................................................................................
Tower Management 30 .............................................................................................................................
Working with Infrastructure Leases 32 ....................................................................................................
Service Provider Attraction 34 .................................................................................................................
Preparing for Tower Expansion 35 ..........................................................................................................
Grant Application Activities 37 ................................................................................................................

Glossary	 39

Disclaimer

The telecommunications business is continually evolving.  We have made our best effort to apply our 
experience and knowledge to the business and technical information contained herein. We believe the data 
we have presented at this point in time to be accurate and to be representative of the current state of the 
telecommunications industry.  

Design Nine, Inc. presents this information solely for planning purposes.  This document is not intended to 
be a replacement for formal engineering studies that are normally required to implement a 
telecommunications infrastructure.  No warranty as to the fitness of this information for any particular 
building, network, or system is expressed or implied.  Design Nine, Inc. will not be responsible for the 
misuse or misapplication of this information.
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CONNECTIVITY SOLUTIONS 
OVERVIEW OF THE TECHNOLOGY 
In large portions of Blair county, broadband wireless will be an important strategy for improved 
Internet access for businesses and residents.  But both fiber and wireless technologies and systems are 
going to be important to meet the goal of improving access to broadband.  The rest of this section 
provides more detail and some specific build out strategies.  

Businesses and residents may obtain Internet service: 

• With a small radio directly attached to their home or business that receives a signal directly from 
a towers owned by a private provider, from a County-owned tower (e.g. shared with public safety 
use), or from a community-owned tower (e.g. a coop). 

• With a small radio attached to a utility pole (60 or 70’) to improve line of sight to a tower. 
• With a small radio directly attached to their home or business that receives a signal from a 

“community” utility pole.  The “community” pole will receive a signal from a distant tower and 
redistribute it locally to a cluster of customers (typically within a half mile). 

• With a fiber connection to the fiber installed in areas where economic development is important, 
and in other areas as additional fiber network segments are added. 

The table below summarizes how fiber and wireless can work together in a variety of ways. 

WIRELESS TECHNOLOGIES 
WISPs (Wireless Internet Service Providers) use a wide variety of radio frequencies to deliver fixed point 
wireless broadband.  By “fixed point,” this means that these systems are not designed to support 
roaming in the way that cellular voice/data radios are (that is, mobile phone and data services).   

Fixed point broadband is broadcast from a tower to individual homes and businesses (fixed points).  
Most of the frequencies used require clear line of sight between the tower and the location where 

Distribution Type Access Type Capacity

Wireless Wireless
Typical customer connection starting at 5 to 10 Megabits, 
can be higher, with 50 Meg connections common. More 
dependent on the capacity of the wireless Distribution 
link.

Wireless Fiber
Users can have fiber Gigabit connections locally, but total 
throughput dependent upon the capacity of the wireless 
link, which can be up to a Gigabit, depending on distance 
and budget.

Fiber Fiber Any amount of bandwidth needed, with standard 
connection typically a Gigabit (1,000 Megabits). 

Fiber Wireless
Typical customer connection starting at 5 to 10 Megabits, 
can be higher, with 50 Meg connections common.
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service is desired.  In Pennsylvania and many parts of the east, tree cover is often an obstacle to getting 
good service.   

The hilly topography of of the area can work for or against good wireless broadband service.  Towers 
located on the tops of hills and mountains can provide service over a larger area than a tower in 
relatively flat terrain, but hills also block the signal.  A residence can be a short distance from a large 
tower, but heavy tree cover or an intervening hill will block service.  The solution to this can be 
addressed in several ways: 

More larger towers of 180’ to 300’   
The taller the tower, the wider the coverage, but as tower height increases, the cost of the tower also 
increases.  Towers taller than 199’ require a light at the top to make them visible to low-flying aircraft, 
and lighted towers are more expensive to erect, and the bulbs have to be changed periodically at 
significant expense.  Many broadband towers are 180’ to avoid the additional cost of lighting. 

Small cell broadband utility poles 
Small cell broadband utility poles, often called community poles, are shorter towers or utility poles of 
typically 60’ to 80’, located in or very near a cluster of homes.  The towers can be wooden utility poles 
or relatively low cost steel monopoles or steel lattice towers.  These towers are located to get above 
local tree cover so that clear line of sight to a distant taller tower is available.   Local access point radios 
provide service to homes and businesses with line of sight to the pole.  In many parts of Blair, these are 
going to be an important part of a strategy to get better broadband to rural residents and businesses. 

Variety of radio frequencies 
WISPs are beginning to deploy a wider range of licensed and unlicensed radio frequencies to 
overcome distance, bandwidth, and line of sight issues.  Traditional 2.4 Ghz and 5.7 Ghz WiFi and 
WiMax frequencies are being supplemented or replaced with LTE broadband radios that provide 
better bandwidth and will tolerate light tree cover better (2.5 Ghz, 3.5-3.7 Ghz).  Some WISPs are also 
using lower frequencies (e.g. 900 Mhz) that will travel farther and will also provide better penetration in 
light tree cover.   

EMERGING WIRELESS TECHNOLOGIES 
MIMO Wireless 
MIMO (Multiple Input, Multiple Output) describes a variety of technologies that can be summarized as 
using more than one receive and transmit antenna for wireless data applications.  Wireless protocols 
that are using the MIMO concept include IEEE 802.11n (Wi-Fi), IEEE 802.11ac (Wi-Fi), 4G, LTE (Long 
Term Evolution), and WiMAX.  Each of these protocols use the MIMO technology to increase the 
amount of available bandwidth in a given section of radio frequency spectrum.   

New hardware is required to make effective use of MIMO.  While the technology increases wireless 
bandwidth, the typical amount of bandwidth being used by wireless devices is also increasing rapidly.  
Some applications where MIMO is likely to provide noticeable improvements are in home wireless 
routers, where the effective throughput will be able to better handle the demanding bandwidth 
requirements of HD and 4K video streams.  MIMO is slowly being developed for use with cellular 
smartphones, but both the phones and the cell tower radios have to be upgraded to support MIMO. 
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LTE/4G/5G 
LTE (Long Term Evolution) is a set of protocols and technologies designed to improve the performance 
of voice/data smartphones.  Like MIMO, both the user phone and the cell tower radios have to be 
upgraded to support LTE improvements.  In 2013, only 19% of U.S. smartphone users were able to take 
advantage of LTE speeds, although that percentage has been increasing rapidly since then, and more 
than 85% of the U.S. cellular towers have been upgraded to LTE.  As noted previously, the actual 
bandwidth available to a smartphone user is highly variable and depends on distance from the cell 
tower, the number of smartphones accessing the same tower simultaneously, and the kinds of services 
and content being accessed by those users.   

The primary purpose of cellular bandwidth caps is to keep cellular users from using too much 
bandwidth and degrading the overall service.  While LTE and MIMO improvements will improve overall 
cellular service, these technologies are not going to replace fiber to the home and fiber to the 
business. 

In 2017, new fixed broadband wireless systems entered the marketplace using LTE frequencies, and 
many WISPs have begun to replace existing wireless radio systems with LTE equipment.  These LTE 
systems do not provide any cellular voice services; they are designed specifically to support only 
broadband/Internet service.   

Reports of performance have been mixed.  In our conversations with both vendors of these systems 
and WISPs that have begun testing them, we get two very different stories.  The vendors have been 
conservative in discussing the improvements, while some WISPs have been taking single user test 
results and suggesting that they will be able to deliver higher speeds at greater distances to all users.   

There is little debate that the LTE equipment offers higher bandwidth, at somewhat greater distances, 
and with somewhat better penetration of light foliage and tree cover.  Over the next two to four years, 
most WISPs will change out most of their existing radio systems for the improved LTE radios.   Perhaps 
the most significant advantage of LTE fixed point broadband is its ability to provide better performance 
when clear line of sight between the customer and a tower is not available. LTE provides better 
penetration of light to moderate tree cover and other line of sight obstacles. 

The much touted 5G wireless technology, as of 2019, is still largely marketing hype.  The official 
standard for 5G radio technologies is planned for release later in 2019, although some companies, like 
Verizon and AT&T, have begun trials of the equipment with locations largely limited to major metro 
areas.  

5G does bring much higher speeds to wireless broadband (e.g. it might be 
able to deliver 30 to 50 Meg of bandwidth consistently).  But 5G has 
significant limitations that do not make it a good solution in rural areas of 
the U.S. 

The fact that 5G can deliver much higher bandwidth means that 5G cell sites 
will require fiber connections.  This is going to effectively limit 5G 
deployments to denser urban environments where both customers and 
fiber are plentiful. 

There is no free lunch in the physics of radio frequencies.  The higher 
bandwidth of 5G means that cell sites need to be closer together because 
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the 5G frequencies do not travel as far as existing 4G/LTE frequencies currently being used by the 
cellular industry. Most users will have to be within 500 to 1,000 feet to receive 5G service. 

Some experts estimate that more than a million miles of new fiber will have to be deployed just to 
support the 25 largest metro areas in the U.S.  5G will not appear overnight. 

As many as 60 cell sites per square mile may be needed to make 5G widely available in a given area. If, 
as an example, about 25%, or 131 square miles of Blair County is underserved, very conservatively, 
over 7,500 cell sites would be needed to provide good coverage.   

For rural areas, the cost of 5G service may be one of the most significant obstacles.  The cellular 
carriers see the increased customer bandwidth use possible on 5G networks as a major revenue 
opportunity.  While they will increase the “standard” bandwidth package for monthly service, 
bandwidth caps and rate limiting is likely to keep 5G cellular customers bills high. 

White space broadband 
White space broadband uses some of the frequencies that were formerly used by analog TV channels.  
These lower frequencies travel farther and provide better penetration of light foliage.  Microsoft has 
been supporting a number of community white space experiments, and has promised much wider 
support for this technology, but there are few other users, equipment is still relatively expensive, and 
few WISPs have ventured into this still largely experimental technology. The Microsoft white space 
project in southern Virginia, although still underway, serves less than three hundred households and is 
still regarded as experimental.  Other white space pilot projects have reported good results.  River 
Valley Internet has indicated that their trials with white space equipment has been able to deliver 50 
Meg/50 Meg service.  

DARK FIBER AND LIT FIBER 
About Dark Fiber 
Dark fiber is installed in conduit underground and/or hung on utility poles.  It is called “dark” because 
no network electronics are installed to “light” the fiber (using small lasers in a fiber switch).  For small 
municipal/local government fiber installations, dark fiber has a significant advantage in terms of 
management—very little ongoing operational responsibility is required.   

Dark fiber is leased out to service providers, who install their own network electronics in cabinets or 
shelters attached to the fiber cables.  The providers typically lease fiber pairs between the cabinet and 
their customers, and are responsible for all equipment-related management and maintenance.  Dark 
fiber networks can be used by service providers to provision either Active Ethernet or GPON services 
to their customers. 

Dark fiber networks do not generate large amounts of revenue, but this is offset by very low 
maintenance costs—primarily an emergency break-fix arrangement with a local or regional firm 
qualified to splice fiber.  Emergency break-fix contracts are usually based on a time and materials basis, 
so there is little or no expense if there are no fiber breaks. 

Other costs include “locates,” which are called in to Pennsylvania 811 (Miss Utility) and are performed 
by either the local Public Works department or a private sector contractor.  For small fiber networks, 
locate costs are generally modest. 
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About Lit Fiber 
A “lit” fiber network includes the network electronics needed to transmit data over the fiber (using the 
small lasers in a fiber switch, hence there is light traveling over the fiber cable).  In a lit network, “lit 
circuits” are leased out to service providers rather than fiber pairs.  The muni/local government/
community network provides the network electronics, which reduces costs for the service provider—
meaning they are able to pay higher lease fees for the circuits they use to deliver services (like Internet) 
to their customers.  Lit networks generate more revenue, but also have higher expenses because the 
network electronics have to be monitored and managed on a 24/7/365 basis (this task can usually be 
outsourced at reasonable cost).  However, very small fiber deployments often do not pass enough 
homes or businesses to generate sufficient revenue to cover the higher costs. 

Like dark fiber, a lit network incurs break-fix and locate costs as well. 

THE MEET-ME BOX CONCEPT 
In some of the larger towns,  some smaller communities, rural 
neighborhoods, and subdivisions, “meet me” boxes could be 
installed.  A meet me box is a telecom cabinet with fiber cables 
installed between the cabinet and nearby homes and/or 
buildings.  Providers only have to reach the meet-me box, 
lowering their costs.  Both wireline and wireless providers can 
use this infrastructure.  This approach can also be used to 
provide fiber services in business and industrial parks.  A small 
Virginia county installed five miles of fiber in their business park 
and was able to attract a Tier One provider to provide service to 
an existing business (a manufacturing plant that was going to 
leave if the county did not help them get better Internet service). 

The dark fiber approach minimizes operational costs.  Service 
providers would install their own equipment in the cabinet and 
would pay a small monthly lease fee for the fiber strands they 
use to connect customers to their services. 

For a meet-me box installed in a “main street” area (e.g in an alley behind commercial/retail buildings) 
with relatively inexpensive and short fiber drop cables into nearby buildings, the lower end of an 
installation might start at $35,000.  For a box installed in a rural sub-division that requires distribution 
conduit/fiber and drop cables, the cost to connect 25 homes might start at $175,000 on the low end 
and increase as the number of homes connected increases.  Larger numbers of homes or businesses 
will each add to the cost, but adding more connected premises also increases the value of the 
infrastructure and increases the revenue potential. 

TERRAIN CHALLENGES 
The propagation study map studies that are included later in this report illustrate the challenge of 
providing adequate fixed point wireless Internet service in Blair.  The mountainous terrain throughout 
the county shows that many towers and community poles will be needed to near an adequate solution 
using fixed point broadband wireless.  In some areas, the difficulty of obtaining line of sight for a radio 
link between two locations may dictate using fiber in place of wireless.   
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As an example, in Richwood, West Virginia, a group of about seventy-five homes along two and a half 
miles of road led to a fiber to the home solution that was less expensive than broadband wireless, 
primarily due to the cost of bringing electric service to many community poles.    A combination of 
taller towers and shorter community poles may be needed to provide good service to most areas of 
Blair. 

CONNECTIVITY SOLUTIONS 
Both wireless and fiber networks, as well as legacy copper-based networks, all share three primary 
components.  How these are designed and deployed can vary greatly, but all networks have these 
three parts in some form. 

• The Core Network provides access to the Internet, a place for service providers (ISPs) to 
distribute their services locally on the network,  and for larger institutional and business 
customers to meet service providers. Blair has both landline and wireless service providers, but 
there are still areas that are underserved.  Each of these providers has their own Core Network, 
but wireless broadband could be more widely available if additional county-owned towers were 
available to the private sector providers. 

• The Distribution portion of the network connects the Core Network with collections of users.  A 
Distribution network can include both fiber and wireless portions of a network.  

• The Access or Last Mile portion of the network connects residential users and businesses to the 
network, and like the Distribution network, that connection will be by fiber or by a wireless link. 

The illustration below shows the full range of technology options (fiber and wireless) and how they can 
be connected together in various ways to meet the diverse needs of the county.  More detail is 
provided on the following pages. 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Last Mile Access 
The Last Mile Access is the portion of the network that connects customers to their service provider 
and the Internet.  Both broadband wireless and fiber links can be utilized to provide service. There are 
several ways that customers can receive service: 

• Service providers can install their own local access radios on the Distribution towers, using both 
point to multi-point and point-to-point radios to deliver service to their customers. 

• A single user utility pole (or inexpensive steel lattice tower) can be installed on the property of a 
single resident or business.  A radio at the top of the pole receives service from another tower 
site (typically one of the Distribution towers). 

• A u t i l i t y p o l e ( o r 
inexpensive steel lattice 
tower) can be installed 
near a cluster of homes 
(e.g. a rural residential 
sub-div is ion, several 
homes in close proximity 
on a rural road).  Service 
providers can install their 
point to mul t i -point 
radios on this pole and 
p ro v i d e e c o n o m i c a l 
s e r v i c e t o s e v e r a l 
customers from a single 
pole. 

• A u t i l i t y p o l e ( o r 
inexpensive steel lattice 
tower) can be installed in 
a rural subdivision.  A 
service provider installs a 
point to point radio on 
the pole, and fiber cable 
can be run from the pole 
past several homes to 
offer fiber service with 
wireless backhaul. 

• Customers near existing 
fiber can have a fiber drop installed directly to their home or business. 
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Distribution Network 
Distribution is the portion of the network between the Distribution sites to the Last Mile Access portion 
of the network.  It is desirable for each distribution site to have a connection back to more than one 
Distribution site (tower) on a redundant ring.  This ring topology protects against hardware failure at 
the port level and does provide some protection if one of the tower to tower wireless links is disabled 
by an equipment failure. 

These tower sites are typically 120’ to 180’ tall to provide the height needed to enable Line Of Sight 
(LOS) between towers, and for local access, to enable service providers to mount point to multi-point 
radios on the towers.   

Towers taller than 199’ become subject to FAA regulations because the height can be a potential 
hazard to airplanes.  Towers that exceed 199’  usually have to be painted (alternating red/white) and 
have a blinking light at the top.  These requirements increase the long term maintenance costs, but the 
taller towers can improve line of sight to other towers. 

The towers can provide two functions: 

• Space for backhaul connections to other towers in the county. 
• Space for local access radios to provide Internet access within 2-3 miles of the tower (or 

farther with good Line Of Sight). 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Core Network and Service Providers 
In the past, the telephone company switch office (Central Office, or CO) has provided that function.  
Today, many communities have either a community-owned data center or a privately owned data 
center that offers an affordable range of options for customers of broadband services.   

The Co-Location facility provides a meet point for various public and private fiber cables and networks 
to inter-connect.  A local facility with space available for both public and private uses could help attract 
additional private sector investments (e.g. a long haul fiber provider wants connect to this facility 
because of increased access to customers). 

A colocation facility is a controlled environment (i.e. secure, heated, and air-conditioned) room with 
Internet access through wired and/or wireless systems.  The colocation facility is a place where fiber, 
wireless, and copper-based network facilities meet.  It is equipped to house high-end network 
equipment, servers, and other electronic gear.   

A variety of middle layer network components and services can be located within the co-lo including, 
for example, directory services, replicated content servers, routing services, and other elements 
needed to deliver new multimedia services to the home and small office from multiple, competing 
providers.   

Characteristics of the colocation facility are: 

• A reliable source of AC electric 
power is required, with backup 
UPS (Un inter rupt ib le Power 
Supply) service, and additional 
power backup available by an 
onsite generator is desirable. 

• Controlled access to the facility 
(e.g. by electronic keycard) 24 
hours/day, seven days a week.  
Service providers need to be able 
to gain access to the equipment 
room as needed, and work 
activities performed at night or on 
weekends is common. 

• Ra c ks f o r l o c at i n g n e t w o r k 
equipment and servers, and 
opt ional ly locked cages for 
equipment racks. 

• Sufficient cooling capacity for the 
network’s current and long-term 
needs. Equipment rooms require 
both a cool air input vent and an 
air return vent. 

Blair County Draft Wireless Network Design Page  of 9 40

Government
facilities

Provider 1

Advanced 
Services

Data 
Backup

VoIP 
Service

Provider 
II

K12 
Schools Video 

Surveillance

Cabinet

Internet

Service 
Provider 
Backhaul 

Connections

Wireless link to 
regional 

wireless network

Fiber route to
 other locations



DRAFT

SMALL CELL BROADBAND POLES 
Line of sight issues are a constant problem for rural residents and 
businesses, as clear line of sight (or near line of sight) is required 
for fixed wireless Internet services.  Even newer technologies like 
white space and LTE systems work better with clear line of sight 
to distant towers. 

The increased use of wooden utility poles is already common in 
some other areas of the country, and increased use of this 
technique to get the customer CPE radio/antenna above tree 
cover is a relatively simple solution. 

Ownership and Governance 

The utility poles would normally be placed on private property, 
subject to existing or updated ordinances governing the 
placement of wooden utility poles.  The local government would 
have no responsibility for maintenance and repairs. 

Cost Discussion 

The cost of placing an eighty foot pole can range from a low of about $2,000 to 
$7,000 or more, depending on permitting, engineering requirements, and the 
location of the pole.  Some municipalities  provide “by right” permitting of these 
poles if they are placed on private property, which can reduce the cost of installing 
them. 

Funding Options 

Because these are placed on private land, local government would not have to 
provide any direct funding.  However, the localities could encourage wider use of 
this option with a public awareness campaign developed in partnership with 
wireless providers.  Local banks could be encouraged to provide low cost 
financing of the poles so that property owners could make a small interest and 
principal payment monthly over several years to reduce the financial impact. 

Recommendation and Next steps 

This strategy requires minimal financial support from the County and that it has the potential of 
improving broadband access in rural areas of Blair quickly.  The County should work with WISP 
partners to promote this option to improve access to new and existing wireless broadband towers. 
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NANO-CELL AND WIFI CALLING SERVICE 
A common complaint in Blair is the poor cell service in many areas.  In some parts 
of the area, there may be adequate broadband service via DSL or cable modem 
Internet, but poor cellular phone/data service. There are now two solutions to 
improving rural cellular service that do not involve the expense or difficulty of 
attracting and/or building more cellular towers. 

WiFi Calling — This approach takes advantage of the WiFi Calling feature that is 
now common in many late model cellphones.  Once the phone is connected to a 
WiFi network (e.g. in the home using the home’s broadband Internet service), the 
phone will automatically route the call over the WiFi network—phone calls 
and text work normally, as if the phone is connected to a cellular tower. 

Nano-cell Calling — Poor or no cellular service in rural areas can be 
addressed by promoting the wider use of “nano-cell” devices.  These 
small pieces of equipment are connected to the DSL  or wireless 
broadband connection and provide improved cell service in the home or 
business.  The working distance of these devices is limited, and service 
generally drops off once you leave the house itself (it may work for some 
short distance in the yard).  These devices work very well and do not 
require an upgrade to a newer phone.  

The cellular providers do not always promote the use of these devices, so many cellular users who 
would benefit from their use are not aware that this option is available.  The device averages around 
$200 retail, but the cellular providers often provide substantial rebates (50% discount or more) and in 
some cases may provide them at no charge. 

The improved wireless broadband service will also support use of WiFi calling and/or nano-cell 
devices. 

This strategy is important because improved broadband service can also improve cellular service 
without the need for more cellular towers, especially in parts of the county where cellular 
providers have not been able to make the business case for more towers. 
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BLAIR DESIGN OVERVIEW AND COST 
ESTIMATES 

This section describes a county-wide fixed point wireless solution for Blair County.  The network design 
provides an affordable county-wide network that could serve a significant portion of the county and 
eventually be expanded provide improved broadband coverage to most homes and businesses in the 
county.  Wireless propagation studies were used to calculate coverage areas, and those studies 
included calculations that evaluated terrain and foliage coverage in the county.  This solution could 
provide improved service to nearly 80% of households in the county.  Where line of site to the 
proposed towers is poor, additional households and some small unserved pockets could be added by 
placing inexpensive utility poles.   

This design assumes Wireless Internet Service Providers will lease space on these towers and supply 
their own access radios. Connectivity between towers would be provided by high performance 
microwave links and would enable providers to use those links to create a single county-wide 
broadband wireless network that would provide wireless customers with 25 Meg down and 3 Meg up 
meeting the FCC “fully served” definition. There are many manufacturers of point to point equipment; 
in this estimate Ubiquiti AirFiber 11fx Radios are used. With the size of the network being planned in 
the County and regionally, it is likely that more than one service provider will be able to offer service, a 
scenario which this network design supports. 

The proposed network improvements have been separated into four parts, by region (i.e. Central, 
Northwest, Southeast, etc.).  The four area designs do not dictate an exact build out order, but the 
Central region should be considered as an early part of the improvements, as many of the other 
regions may require connectivity to one or more towers in the Central region. 

Consultation with interested service providers is essential and their input should be solicited and 
evaluated to determine where they can connect to one or more planned towers as the build out 
proceeds. 

Wireless propagation  modeling was completed using 5GHz frequencies. The characteristics of other 
frequencies could be slightly different. Utilizing the 5GHz frequency for the models represents the 
most conservative example. 

REGION DESCRIPTION TOTAL COST

Centeral Three new towers on private property and one fit-
up to an existing tower. 

$766,144

North East Four new towers, one of which is on County 
property.

$858,344

South East
Four new towers, one of which is on County 
property. One fit-up to an existing county owned 
tower.

$941,500

South West Three new towers, two of which are on County 
property. One fit-up to an existing tower.

$645,938

TOTAL: $3,211,925
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Ultimately the service options, levels of support, pricing, and other retail aspects of services offered on 
the network will be the responsibility of the WISP. The Owner can influence the retail offerings and 
policies of the WISP during the initial selection process.  

Access Point: An access point, AP or APs, refers to the set of radios and antennas that provide point to 
multi-point connections to end users. APs are typically installed as a set of three radios providing 120º 
coverage, or a set of 4 radios providing 90º coverage (each system providing 360º coverage in total. 
Depending on the context an AP can describe a single sector or the entire system providing 360º 
coverage. This design does not show any areas where less than 360º coverage is assumed.  

Backhaul:  Typically refers to a high capacity Internet path out of a service area or locality that provides 
connectivity to the worldwide Internet. 

CPE:  Customer Premises Equipment, or the box usually found in a home or business that provides the 
Internet connection.  DSL modems and cable modems are examples of CPE, and in a fiber network, 
there is a similarly-sized fiber modem device  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WIRELESS NETWORK TOWER DESIGN 
The wireless network design has been separated into four regions to assist with the development of 
grant applications. The dotted lines indicate point to point connections between each tower, which 
creates a single county-wide broadband network. The point to point connections (the dotted lines) 
have all been modeled using industry standard software and have been found to have adequate line 
of sight between towers and poles. During pre-construction and engineering phases Line-of-Sight 
assumptions should be checked in the field. When constructing new tower sites, the owner should 
consider any large trees adjacent to the tower and remove them if agreed to with the land owner. 
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The map below shows the estimated radio signal propagation for the wireless project. Colored 
triangles indicate the type of tower site being developed. 

 

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

²
Created: 05/18/2020

Credits: Esri, NOAA, USGS, Blair County GIS

0 84
Miles

Radio Signal Propagation

County Wide Wireless Network Design: Signal Propagation Study
Blair County, PA

Primary Limited Access or Interstate

Primary US and State Highways

Secondary State and County

Confirmed Wireless Point-to-Point(ptp)
Line of Sight

#* 'Fit-Up' to Existing County Owned Tower

#* New Tower on County Owned Land

#* New Tower on Private Land

Blair County Draft Wireless Network Design Page  of 15 40



DRAFT

This map shows the estimated signal coverage and includes the address points (households) that can 
potentially receive service within those shaded propagation areas.  It is important to note that the 
propagation software does make an estimate of foliage and terrain when calculating signal 
propagation, trees, buildings, and other obstacles near a residence or business could degrade or limit 
coverage.  In many cases, a wooden utility pole placed near the premises may improve line of sight to 
a tower and enable improved service. 
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Wireless Network Architecture 
The diagram below shows an example of the equipment typically placed on a tower, and details about 
the equipment that is planned. Several sets of Access Point radios can be placed on a tower operating 
in different frequencies, and can be owned/operated by multiple WISPs. Point to point radios link this 
tower to several other sites. 

When developing wireless networks there are several categories of costs at each site. Construction of 
the network will incur site related costs at each tower site including:  

• Site development - clearing the site of trees and vegetation, construction of a tower road for access 
to the site, and strict adherence to all erosion and sediment control measures required by the 
Owner. 

• Passive site equipment - In most cases, a network cabinet will be installed and a new power service 
will need to be run to it. At each site there will be a generator and most likely a propane tank also 
installed. Reliable power systems will be installed inside the cabinets, and other equipment 
management solutions will be installed in the cabinet for network equipment. 

• The tower itself - new towers in this estimate are designed as 180’ guyed towers. A guyed tower is 
usually a small profile lattice type tower that is supported by guy wires at several points on the 
tower. Guyed towers usually have a smaller visual profile than self supporting towers because they 
are narrow from the top all the way to the base. Self supporting towers will have the same lattice 
type structure but the tower widens as you get closer to the base. If the tower base is obscured by 
trees all around, a self supporting tower may be preferred. Some sites may require design changes 
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based on site conditions. Other types of towers such as monopoles could be considered for this 
project, especially if the owner is working with cellular providers on developing a site.  

• Network equipment such as Point to Point radios, routers, switches, and access point equipment 
will be installed during the construction of this network. Since the network has built in redundancy 
the configuration will need to support automatic failover and other high-level network functions. In 
addition to the networking expertise needed to configure large networks such as this the 
contractor(s) configuring the network will need to understand spectrum management, wireless 
signal propagation, and other physical aspects specific to wireless networks.  

• Permitting - depending on the locality developing a wireless site usually requires extensive 
permitting processes that require a relatively long timeline and professional services. 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WIRELESS PHASE COST ESTIMATES 
In this design, there are numerous tower locations that may require placement on private land.  In most 
cases, the proposed tower locations can often be shifted from one parcel to another without affecting 
line of sight to other towers, but once an exact parcel has been identified, it will be important to 
validate that the proposed line of sight to other towers has not been affected.  It is also possible that 
negotiating a site lease agreement with a land owner could take longer than the 3-5 months needed to 
prepare the site and erect the tower.  

Central Region Wireless Cost Estimate 

North East Region Wireless Cost Estimate 

REGION SITE DESCRIPTION TOTAL COST

Central 
Region

Brush Mountain Tower New Tower on Private Land $268,206

Central 
Region

Hollidaysburg Tower New Tower on Private Land $221,425

Central 
Region

Wopsononock Tower New Tower on Private Land $212,069

Central 
Region

EOC 911 Tower Fit-Up to Existing County Owned Tower $64,444

TOTAL: $766,144

REGION SITE DESCRIPTION TOTAL COST

North East 
Region

Bellwood Antis Elementary 
School Tower

New Tower on County Owned Land $203,425

North East 
Region

Arch Spring Tower New Tower on Private Land $221,425

North East 
Region

Tyrone Tower New Tower on Private Land $221,425

North East 
Region

Canoe Creek Tower New Tower on Private Land $212,069

TOTAL: $858,344
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South East Region Wireless Cost Estimate 

South West Region Wireless Cost Estimate 

REGION SITE DESCRIPTION TOTAL COST

South East 
Region

Huston Township Tower New Tower on Private Land $221,425

South East 
Region

Clapper Town Tower New Tower on Private Land $230,781

South East 
Region

Central High School Tower New Tower on County Owned Land $203,425

South East 
Region

Dunning 911 Tower Fit-Up to Existing County Owned Tower $73,800

South East 
Region

Williamsburg Tower New Tower on Private Land $212,069

TOTAL: $941,500

REGION SITE DESCRIPTION TOTAL COST

South West 
Region

Foot of Ten Elementary School 
Tower

New Tower on County Owned Land $194,069

South West 
Region

Blue Knob 911 Tower Fit-Up to Existing County Owned Tower $45,731

South West 
Region

Newry Tower New Tower on County Owned Land $194,069

South West 
Region

Claysburg Tower New Tower on Private Land $212,069

TOTAL: $645,938
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TOWER AND WIRELESS NETWORK DEVELOPMENT 
ACTIVITIES 
This section identifies the key tasks and timelines associated with identifying ISP partner(s) and tower 
sites. 

Tower Site and Tower Development Process

ACTIVITY DESCRIPTION DISCUSSION TASKS

Issue Blair County 
partnership RFP

For many of the grant 
opportunities, a 
private sector ISP will 
be needed.

The RFP should 
be short and 
should not 
require large 
amounts of work 
from 
respondents. For 
best response, 
allow at least 
45-60 days for 
ISPs to submit a 
response.

• Start RFP development by 
obtaining sample RFPs from 
other localities. 

• Develop draft RFP and have 
it reviewed. 

• Issue RFP. 

• Review responses and 
conduct interviews as 
needed. 

• Select best candidate.

Assess and 
inventory 
prospective tower 
sites in Blair 
County

Grant applications for 
wireless towers require 
specific locations for 
towers. 

Use report data 
to identify where 
towers are 
needed.  

• Appoint someone to lead 
tower site effort. 

• Assemble a list of locations 
from report data. 

• Begin meeting with 
property owners to 
determine willingness to 
provide space for tower and 
availability of road access 
and electric service. 

• Collect site agreements.
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The table below describes the timeline of activities during the initial site development of the project. 
About 9 months could be needed to start securing site agreements for new tower sites. The County will 
need to dedicate appropriate resources to each wireless region while identifying tower sites. With the 
right teams working on this effort, and with favorable responses from land owners this timeline could 
be shortened to about six months.  

Tower Site and Tower Activities

TASKS
MONTHS

1 2 3 4 5 6 7 8 9 10 11 12

Obtain sample ISP partner RFPs

ISP RFP development and review

Issue RFP for ISP partner(s)

Review responses and conduct 
interviews

Select ISP partner(s)

Appoint site identification team

Collect prospective sites

Meet with property owners

Collect site agreements
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TOWER COST DETAIL 
About Wireless Tower Cost Estimates 
The line items for each named tower include the cost of the tower, site preparation, estimated cost of 
electric service, generator cost and placement, cost of the tower, and labor to assemble and erect the 
tower, and backbone equipment. 

This section of the report provides an estimate of the cost of using existing towers to provide improved 
Internet access.  The diagram below shows the logical design of a five-tower network.  Four of the five 
towers have adequate line of sight between the towers to build a fully redundant ring between the 
towers, which will provide much more reliable service, because a single tower or equipment failure will 
not affect service. 

Any placement of new towers 
should be preceded by a careful 
viewshed analysis of how much 
area/users are likely to be able to 
receive service.  Site acquisition 
and site preparation costs can 
affect the overall cost of such a 
project.  Existing county properties 
(e.g. fire/rescue stations, county 
parks, dump transfer sites, etc.) 
may be candidates for towers.  
Note that existing towers may 
require an engineering study to 
confirm that additional antennas 
can be added without exceeding 
the tower load limits. 

Blair County Draft Wireless Network Design Page  of 23 40

Cabinet

Internet

Service 
Provider 
Backhaul 

Connections



DRAFT

Existing Tower Improvements 
For existing towers owned by the state, counties, or other stakeholders that might be candidates for 
project use, modest upgrades to equipment at the base of the tower would be needed to make them 
broadband-ready. 

Upgrades to existing towers typically may include adding or upgrading generators, additional cabinet 
or shelter space for service provider equipment, and sometime fencing and physical access changes.   

Note that this estimate represents a worst-case scenario.  If the site already has a generator that can be 
used by a new WISP co-locating on the tower, that could reduce the cost by as much as $7,500.  If no 
road improvements are needed and existing electric service does not require a new H-frame and 
meter, another savings of up to about $3,000 is possible.  If the tower has a current certification (i.e. 
had a formal engineering inspection), additional savings are possible, bringing the best-case cost to 
about $11,000 to $12,000. 

Existing Tower Development and Improvements (Fit-up)

ITEM/PROJECT UNITS UNIT COST 
(LOW)

UNIT COST 
(HIGH) COST (AVG)

Tower Study / Survey 1 $4,500 $7,000 $5,750

Site Development (Clearing, Road Improvements, 
etc.)

1 $0 $1,500 $750

Small Telecom Cabinet 
AmProd AM47P-2636-24RU or Equivalent

1 $6,000 $7,500 $6,750

10kW Liquid Propane Generator 1 $4,000 $6,000 $5,000

Cabinet Foundation and Installation 1 $2,500 $4,000 $3,250

New Power Service / Installation 
(assumes power available on-site)

1 $1,500 $2,500 $2,000

Power System Installation Labor 1 $300 $500 $400

Generator Installation Labor 1 $1,250 $1,700 $1,475

Propane Service Installation - tank and install by 
local gas company

1 $750 $1,250 $1,000

Poject management $10,000

Total: $36,375
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New Tower 
New towers have a range of configurations and cost options.  This estimate is for a new 180 ft bare 
tower with no radio equipment.  If located on existing county properties, the time needed to plan for 
construction can be shortened.  If site acquisition or a site lease of private property is required, 
purchase or lease negotiations can add several months to the process.  Note that a full permitting 
process may be required even if a new tower is placed on existing county-owned property.  The permit 
process can add 60 to 120 days to the time needed to put a new tower in service. 

New Tower Costs (180’ Guyed)

ITEM/PROJECT UNITS UNIT COST 
(LOW)

UNIT COST 
(HIGH) COST (AVG)

Labor and Contracting: $82,640

Site Development (Clearing, Road 
Improvements, etc.) 1 $15,000 $15,000 $15,000

New Power Service / Installation 1 $1,250 $3,450 $2,350
180' Guyed Tower Construction Labor & 
Contracting 1 $50,000 $74,750 $62,375

Cabinet Installation Labor 1 $600 $1,150 $875
Power System Installation Labor 1 $300 $575 $438
Generator Installation Labor 1 $1,250 $1,955 $1,603
Materials: $35,735
180' Guyed Tower Construction Materials 1 $17,500 $27,500 $22,500
Small Telecom Cabinet 1 $4,000 $6,000 $5,000
Cabinet Foundation and Installation 
Materials 1 $1,000 $1,500 $1,250

10kW Liquid Propane Generator 1 $4,000 $6,000 $5,000
Spare Fuses 1 $10 $20 $15
Power System Installation Materials 1 $20 $40 $30
Samlex 1000W Inverter 1 $350 $450 $400
Samlex SEC1230-UL Battery Charger 1 $200 $300 $250
100ah 12v Non Spillable Backup Battery 4 $250 $350 $1,200
DC Voltage Monitoring Device 1 $40 $60 $50
Unmanaged Rack Mount PDU (6O) 1 $35 $45 $40
Total: $118,375
Project Management, Network Design $37,500
Site Engineering, Surveying, Viewshed Analysis, Etc. $9,500
Misc Fees, Technical Services $7,500
Contingency $11,838
TOTAL: $184,713
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New Community Pole 
A single wooden utility pole or inexpensive steel lattice tower with a line-of-site wireless connection to 
a 180 ft tower and local access radios could provide access to any residence with line of sight within a 
half mile or more.  This would spread the cost of pole construction and equipment costs across several 
households or businesses.  There are many areas in the region where there is a cluster of homes along 
a relatively short stretch of road.  All of those homes could share the use of a single local utility pole 
access site. 

If there were twenty homes that could receive service and the cost of the pole and equipment was 
$12,000, each household connected would have a one-time cost of $600.  There could be a matching 
grant program where each county could provide 50% of the cost of putting the pole and equipment in 
place, and the balance would have to be developed from other sources.  Some localities are using this 
concept to offer WISPs exclusive access to the pole in return for a portion of the construction costs. 

Pole costs vary depending upon what equipment is installed.  Point-to-point link radio costs vary with 
distance from a nearby tower.  More information is contained in Chapter Six - Small Cell Broadband 
Poles. 

Neighborhood Pole Costs

ITEM/PROJECT UNITS COST (LOW) COST (HIGH) COST (AVG)

Site Development (Clearing, Road 
Improvements, etc.)

1 $0 $2,000 $1,000

3x3 NEMA Box 1 $300 $600 $450

New Power Service / Installation 1 $500 $1,250 $875

60' Wooden Utility Pole Construction 
Materials

1 $2,500 $3,500 $3,000

Unmanaged Rack Mount PDU (6O)
1 $35 $45 $40

60' Wooden Utility Pole Construction 
Labor & Contracting

1 $2,000 $3,000 $2,500

Neighborhood Pole Coordination 
and Project Management

$5,000

Total: $12,865

Blair County Draft Wireless Network Design Page  of 26 40



DRAFT

Point-to-Point Links 
The table below show the cost of  a backhaul radio installation, with one licensed radio set (AirFiber 
11FX).  The licensed radios are less susceptible to interference and have higher bandwidth.  A regional 
backhaul network between towers has several desirable characteristics: 

• It reduces the cost to providers of being able to affordably offer service on all the towers. 

• It increases the reliability and robustness of the WISP services because of the ring design (on at 
least four of the towers). 

• County government data and/or public safety services could also be carried on the backhaul 
network to provide improved access to some remote facilities. 

• K12 schools may be interested in having a redundant network to improve reliability of their 
existing fiber connections.  This can be especially important during periods when online 
standardized testing is taking place. 

A tower in a larger network may have one, two, or several backhaul radios included, and number of 
radios depends on the tower’s location in the network and how many other towers it is connected to 
using point to point link pairs. 

Licensed PTP Radio - Single Side - AirFiber 11FX

ITEM/PROJECT UNITS UNIT COST COST

AF11X Radio 1 $799 $799

AF11-CA Adapter Kit 1 $49 $49

AF11FX Duplexer 2 $199 $398

AF11 X Antenna 11GHz, 35dBi 1 $379 $379

FCC Licensing 0.5 $2,000 $1,000

Shipping @ 5% 1 $131

Point to Point Link Assembly, Installation, 
Alignment, and Testing

1 $3,600 $3,600

Project Management, NIIT 0.5 $3,000

TOTAL $9,356
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ESTIMATED TIMELINES FOR COMPLETION 
Each kind of project will have its own timeline, and will vary widely depending on the type of funding.  
Grant-funded projects may need six months to one year to plan and apply for funding, depending on 
where in the grant cycle the network owner commits to applying for a grant and the length of time that 
the grant agency takes to review and approve grants. 

Tower improvements and construction times can be dependent on weather (more weather related 
delays are likely in late fall through early spring) and on procurement.  Most grant-funded projects 
require careful attention to a public procurement process, which can add 90 to 180 days to the 
timeline. 

Broadband Construction Timetable

Project Type Project Execution 
Planning

Project 
Procurement

Project 
Engineering and 

Construction

Total Estimated 
Timeline

Improvements to 
existing towers

2-3 months 3-4 months 2 months 7-9 months

New towers of 
180 ft

4-6 months 4-5 months 4-8 months 12-19 months

Small cell 
community 
broadband poles

3 months 2 months 2 months 6 months

Point to point 
tower backhaul 
links

2-3 months 3-5 months 1-2 months 6-10 months

Fiber to the home/
business projects

4-6 months 4-6 months 6-12 months 14-24 months
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WORKING WITH WISPS 
Throughout the U.S., many WISPs are aggressively pursuing public-private partnerships (PPPs) with 
county governments.  These partnerships may include a variety of strategies:  collaboration on a grant 
opportunity, shared costs of developing a new tower site, revenue sharing, fee waivers, and other sorts 
of cost and revenue sharing.  The advantage of this kind of PPP is that the WISP typically is responsible 
for most of the day-to-day management of the network assets. County and local government 
investments are typically limited to passive assets like towers and site maintenance that requires no day 
to day responsibility and only occasional site and tower maintenance. 

ATTRACTING PROVIDERS TO THE NETWORK 
The WISP business is challenging.  Setting the high cost of towers aside, a WISP placing equipment on 
a newly available tower must engage in a significant marketing and sales effort to identify customers 
who want service.  Because most broadband wireless frequencies, including the new LTE frequencies, 
require or work best with line of sight between the customer and the tower, the WISP, even after 
identifying a potential customer, must often send a technician to the prospective customer location to 
determine if line of sight or near line of sight is available.  It is common that a low hill, a building, trees, 
or other vegetation will degrade or block the signal. 

If line of sight or near line 
of sight is available at the 
c u s t o m e r l o c a t i o n , a 
second visit to install the 
customer antenna may be 
r e q u i r e d b e f o r e t h e 
cus tomer can rece ive 
service.  At this point, the 
WISP may have spent 
several hundred dollars on 
the acquisition of a single 
customer, and it can take 
many months of service 
before the WISP will even 
break even. 

The cost of tower access be 
one of the most expensive 
parts of offering wireless 
Internet service.  If a WISP has capital funds, it must choose where to place towers and smaller poles 
very carefully, and few WISPs have the capital to build enough towers to cover an entire county.  

Just as government builds roads to enable commerce and services offered by the private sector, local 
government can also build towers to enable Internet services.  Space on those towers is offered to 
WISPs for modest fees with the goal of expanding and improving Internet access. 
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Historically, tower space lease fees have been high, because early lessees were cellular companies 
offering high-margin cellphone and data services.  Vertical space on a county-owned tower or water 
tank often range between $1200 and $2500 per month.  But the business margins on fixed point 
wireless Internet are much lower, and tower lease fees should be set at levels that allow WISPs to make 
a business case to spend the additional capital for radios and related equipment on a new tower. 

TOWER MANAGEMENT 
A modest application fee, for example $200, for tower access should be nominal for WISPs; high 
application fees discourage WISPs from evaluating new tower opportunities.  

Revenue sharing arrangements, where WISPs pay as they acquire customers, instead of a fixed lease 
fee are more difficult to manage.  While the argument for revenue sharing seems to make sense, in 
practice, it requires the tower owner to have access to the accounting and financial records of the 
business, which can be challenging to enforce.  It is also a financial disincentive for the WISP, as the 
fees that they have to pay for tower access continue to increase without end. The following is 
suggested:  

• Use a single public fee 
schedule for all providers. 

• Use a single tower space 
a g r e e m e n t f o r a l l 
providers. 

• Tower access should be 
made available in ten foot 
vertical segments or on a 
per attachment basis, as 
high as possible on the 
tower without interfering 
with other uses, such as 
public safety antennas.  
Note that it is unlikely that 
any tower will have more 
than two providers on it. 

• If a WISP is applying for space on an existing tower, no certified engineering plans should be 
required, but if a structural analysis is needed to determine wind and tower loading will not 
exceed tower specifications, the tower owner may have the WISP bear some or all of the cost of 
that study.  Note that there appears to be high variability in the cost of these studies, and the 
tower owner should be careful to keep the structural analysis costs as low as possible. 

• For a typical tower, identify two 10 ft spaces (where space is available) on existing towers and 
designate/reserve those for WISP use.  The spaces should be as high as possible on each tower 
without interfering with other local government and public safety use.  The lease cost of the 
lower space should be at least 20% less than the higher space.  Tell WISPs exactly what space is 
available at each tower and at what heights; this makes it easier for WISPs to evaluate the 
potential market that could be served from each tower. 
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• If an existing shelter is available at the base of a tower and rack space for WISP equipment is 
available within that shelter, electric power should simply be provided as part of a very modest 
lease fee for rack space.  If there is no space available in the shelter (e.g. lack of space or 
dedicated for public safety use), then the WISP should install an H-frame and have their own 
e l e c t r i c m e t e r 
installed in an area 
designated at the 
base of the tower. 

• Leases should be a 
m i n i m u m o f t w o 
years and should 
auto-renew if the ISP 
i s m e e t i n g 
p e r f o r m a n c e 
requirements. 

• I t m a y b e m o r e 
effective to have a 
s i n g l e l e a s e 
a g r e e m e n t w i t h 
access to all towers, 
and the contract 
should require the ISP to put equipment on all towers within a certain period of time (e.g. nine to 
twelve months).  This limits ISPs from cherry picking towers with more potential customers and 
ignoring towers in parts of the service area with lower population density. 

• Monthly tower lease fees should be on the order of $200 to $250 per tower or an equivalent per-
attachment fee (e.g. $50-$75 per attachment).  Higher fees make it difficult for providers to make 
a business case for the cost of equipment and the extensive marketing required to develop a 
customer base around a tower. 

• Consider offering an initial grace period on fees of three to six months, and/or offer a one-year 
sliding scale of fees. An example sliding scale would waive the fee for the first 3 months, charge 
25% of the fee for the next 3 months, up until 12 have passed and the full fee is assessed.  There 
are many ways to structure the initial fee period, but it is important to recognize that the WISPs 
incur substantial early costs to develop revenue and customers for a new tower. 

• All tower leases should expire on the same date even if started at different times.  This allows the 
tower owner to potentially make a smoother transition to a new provider if there are issues, and 
will give them more leverage and control over the service. 

• In contracts, fee reductions should be worded as discounts that can be revoked if performance 
requirements are not adequately being met. 

• Describe what is available for ground space, such as space for WISP cabinets, shelters, and H-
frames for electric service, shared generators that may be provided.  Also indicate what the WISP 
has to provide at the base of the tower.  If new shelters will be allowed, set minimum standards 
for new shelters. 
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Lease / contract management

Most operational responsibilities can be outsourced to qualified 
private sector firms

Evaluation of co-locations

Maintain landscaping / hardscapes Generator maintenance

Building / cabinet maintenance Tower inspection

Equipment and cabling inspection Emergency restoration of service 

General equipment failures, 
lightning strikes, damage by ice 
and water

Regular upgrades of equipment



DRAFT

WORKING WITH INFRASTRUCTURE LEASES 
Once dark fiber cable and/ existing or new towers have space available to lease to WISPs, there are 
policy and contract decisions that must be evaluated. 

Tower Lease Considerations 
• There should be a single public fee schedule for all providers that want to lease space on the 

tower. 
• There should be a single tower space agreement that is used for all providers. 
• Tower access should be made available in ten foot vertical segments, as high as possible on the 

tower without interfering with other uses (e.g. public safety antennas).  Note that it is unlikely that 
any tower will have more than two providers on it. 

• Leases should be a minimum of two years and should auto-renew if the ISP is meeting 
performance requirements. 

• It may be more effective to have a single lease agreement with access to all towers, and the 
contract should require the ISP to put equipment on all towers within a certain period of time 
(e.g. nine to twelve months).  This limits ISPs from “cherry picking” towers with more potential 
customers and ignoring towers in parts of the county with lower population density. 

• Monthly tower lease fees should be on the order of $200 to $250 per tower.  Higher fees make it 
difficult for providers to make a business case for the cost of equipment and the extensive 
marketing required to develop a customer base around a tower. 

• For a typical tower, identify two (2) ten foot spaces (where space is available) on existing towers 
and designate/reserve those for WISP use.  The spaces should be as high as possible on each 
tower without interfering with other local government and public safety use.  The lease cost of 
the lower space should be at least 20% less than the higher space. Tell WISPs exactly what space 
is available at each tower and at what heights; this makes it easier for WISPs to evaluate the 
potential market that could be served from each tower. 

• An initial grace period of three to six month should be offered on fees, and/or offer a one year 
sliding scale of fees (e.g. first three months, fee waived; months four to six, 25% of normal fee; 
months seven to nine, 50% of normal fee; months ten to twelve, 75% of normal fee).  There are 
many ways to structure the initial fee period, but it is important to recognize that the WISPs incur 
substantial early costs to develop revenue and customers for a new tower. 

• All tower leases should expire on the same date even if started at different times. This allows the 
enterprise to potentially make a smoother transition to a new provider if there are performance 
issues, and will give the  project entity (e.g. County government, Blair County Development 
Association)  more leverage and control over the WISPs. 

• Leases should be a minimum of two years and should auto-renew if the ISP is meeting 
performance requirements. 

• In contracts, fee reductions should be worded as discounts that can be revoked if performance 
requirements are not adequately being met. 

• There are considerations for ground-space (e.g. WISP cabinets, shelters, H-frames for electric 
service) that will have to be evaluated at each tower site.  If new shelters will be allowed, the 
ownership entity should set minimum standards for new shelters. 
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Dark Fiber Lease Considerations 
Passive fiber infrastructure (i.e. no electronics) can include conduit, fiber cable, splice closures, and 
cabinets.  Because all powered network equipment would be provided by the lessee (i.e. the ISP), 
there is no day to day management responsibilities and only occasional routine maintenance.  
Emergency break-fix for situations like a cable broken by a construction firm working in the right of way 
can be outsourced to a qualified private sector provider.  Local governments routinely manage much 
more complex water and sewer systems.  Some guidelines for leasing dark fiber include: 

• There should be a single public price list for the cost of leasing fiber strands.   

• A standard master agreement should be used for leases.  This agreement will typically require an 
SLA (Service Level Agreement) that specifies repair times for emergency break-fix (i.e. the fiber 
cable has been damaged and a qualified break-fix repair firm must be on call to make repairs). 

• It will also be important to have IRU pricing (Indefeasible Right of Use).  Fiber strand leases are 
typically for periods of ten years or less.  IRUs are long term leases and are typically twenty to 
thirty years in length.  IRU fees have two parts:  a single upfront payment that usually reflects 
some portion of the construction cost for the fiber route.  As an example, if a lease will include 
twelve strands of fiber on a ten mile route of 144 strand fiber that cost $100,000 to construct, the 
one time fee might be 12/144 * $100,000 = $8,333.  Most IRUs also have a modest annual 
maintenance fee that reflects the cost of maintenance and repairs; this would also be pro-rated 
to reflect the number of fibers assigned to the IRU agreement. 

• Splice points and who is allowed to open handholes to perform splicing must be identified in the 
master agreement. 
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SERVICE PROVIDER ATTRACTION 

Activity Description Tasks

Attract Internet Service 
Providers (ISPs, WISPs)

One or more service 
providers will be 
needed to lease poles, 
and/or manage the 
network,  and to partner 
for grant funds.

• Once owners/stakeholders have 
approved the plan, contact local and 
regional ISPs to assess partnership 
interest. 

• Schedule individual meetings with the 
ISPs to present project goals and 
objectives. 

• Assess interest of the companies in 
public-private partnership. 

• If interest is positive, reach agreement on 
which grant opportunities to pursue 
jointly and in what area. 

• Develop an MOU (Memo of 
Understanding) that identifies what tasks 
the WISP will perform for grant 
application and what project will perform.

Typical Timeline Months

Tasks 1 2 3 4 5 6 7 8 9 10 11 12

Contact ISPs and WISPs

Schedule individual meetings

Assess interest in partnerships

Schedule meetings to discuss grant 
opportunities

Develop MOUs as needed for grants 
that will be pursued jointly

Blair County Draft Wireless Network Design Page  of 34 40



DRAFT

PREPARING FOR TOWER EXPANSION 

Activities Preparing for Tower Expansion

ACTIVITY DESCRIPTION DISCUSSION TASKS

Draft tower site 
lease 
agreement

Tower site lease 
agreements between the 
property owner and the 
broadband entity will be 
needed.

One or more of 
the county 
attorneys may be 
able to provide 
most or all of the 
legal agreements 
needed.

• Establish that all six counties 
will use the same basic 
agreement. 

• Identify legal counsel who 
will provide a draft 
agreement. 

• Circulate draft agreement 
for comments. 

• Approve lease agreement 
for use.

Identify 
prospective 
tower sites

New towers will be 
needed in all six 
counties.  The 
broadband plan 
identifies the general 
area where towers will 
be needed and most 
effective, but specific 
tower locations will have 
to be identified with the 
assistance of residents in 
the area and property 
owners.  This will be an 
ongoing activity for at 
least the first year.

Height above the 
surrounding 
terrain, proximity 
to roads, and 
proximity to 
electric service are 
factors that have 
to be evaluated.

• Review broadband plan and 
prepare a list of sites to 
survey. 

• Determine road access and 
electric service.  Closer is 
better. 

• Meet with property owner 
to discuss a potential lease. 

• If site owner is agreeable, 
add site to list of grant-
ready tower sites.

Identify 
prospective 
community 
pole sites

Many community poles 
will be needed to 
provide the maximum 
amount of wireless 
broadband availability.

Community poles 
should only be 
placed where 
there is a cluster 
of nearby 
residents who are 
prepared to 
purchase Internet 
service from the 
provider on the 
pole.

• For each area in a build out 
phase, identify clusters of 
typically 12-25 homes.   

• Identify a local champion 
willing to talk to neighbors 
and assess demand. 

• If demand meets target, add 
to list for next grant 
application with community 
poles.
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Timeline Preparing for Tower Expansion

TASKS
Year 1

1 2 3 4 5 6 7 8 9 10 11 12

Obtain agreement on 
using one lease for all 
counties

Identify legal counsel 
to draft agreement

Circulate draft 
agreement for 
comment 

Obtain approval for 
site lease agreement

Develop list of 
potential tower sites

Assess road, electric 
service access

Meet with property 
owners

Add agreeable 
owners to prospective 
tower list

Identify clusters of 
residents for 
community poles

Identify a local 
champion to assess 
demand

Add clusters that meet 
demand to prospect 
list for community 
poles
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GRANT APPLICATION ACTIVITIES 

Activities for Grant Application

ACTIVITY DESCRIPTION DISCUSSION TASKS

Develop a 
grant 
application

The grant 
application 
process, from 
start to award 
announcement, 
can be 9 to 12 
months. 

Broadband grant 
application 
requirements 
have become 
more stringent 
over time, with 
more grant 
agency oversight 
and review.  
Careful planning 
is essential to 
develop a 
successful 
application.

• Once a grant opportunity has been 
identified, review grant requirements to 
determine what counties can qualify.  
For example, some grants require two 
years of financial history. 

• Identify regional agency that will assist 
(e.g. SAPDC). 

• If an ISP or WISP is needed, begin 
contacting potential partners. 

• If qualifications can be met, appoint at 
least two people to take the lead to 
prepare application. 

• Prepare a task list of all grant material 
requirements and identify data needed. 

• Develop a timeline for developing 
sections of the grant. 

• Identify requirements for letters of 
support and matching funds.  Develop 
timeline to solicit and collect 
commitments. 

• Complete all sections of grant 
application with assistance from public 
and private partners. 

• Submit grant application.
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Timeline for Grant Application

TASKS
MONTHS STARTING WHEN GRANT IDENTIFIED

1 2 3 4 5 6 7 8 9 10 11 12

Determine grant qualifications

Identify regional agency partner

Identify ISP or WISP partner if 
needed

Appoint grant team

Create grant task list 

Prepare timeline and assign tasks 
to partners

Identify matching fund 
requirements and letters of 
support to solicit and collect as 
needed

Complete all sections of the 
grant application

Submit grant

Grant agency review

Awards announcement
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GLOSSARY 

Active network:  Typically a fiber network that has electronics (fiber switches and CPE) installed at 
each end of a fiber cable to provide “lit” service to a customer. 

Asymmetric connection: The upload and download bandwidth (speed) are not equal.  Cable Internet 
and satellite Internet services are highly asymmetric, with upload speeds typically 1/10 of download 
speeds.   Asymmetric services are problematic for home-based businesses and workers, as it is very 
difficult to use common business services like two way videoconferencing or to transfer large files to 
other locations. 

Backhaul:  Typically refers to a high capacity Internet path out of a service area or locality that provides 
connectivity to the worldwide Internet. 

Colo facility: Colo is short for Colocation.  Usually refers to a prefab concrete shelter or data center 
where network infrastructure converges.  A colo or data center can also refer to a location where 
several service provider networks meet to exchange data and Internet traffic. 

CPE:  Customer Premises Equipment, or the box usually found in a home or business that provides the 
Internet connection.  DSL modems and cable modems are examples of CPE, and in a fiber network, 
there is a similarly-sized fiber modem device. 

Dark fiber:  Dark fiber is fiber cable that does not have any electronics at the ends of the fiber cable, 
so no laser light is being transmitted down the cable. 

Fiber switch: Network electronic equipment usually found in a cabinet or shelter 

Fiber Optic Splice Closure:  See FOSC. 

FOSC:  Fiber Optic Splice Closure.  Typically a water and air tight cylindrical container where fiber 
cable is split open to allow splicing (connecting together) of fiber strands for a drop to a premises. 

FTTH/FTTP/FTTx:  Fiber to the Home (FTTH), Fiber to the Premises (FTTP), and Fiber to the X (FTTx) all 
refer to Internet and other broadband services delivered over fiber cable to the home or business 
rather than the copper cables traditionally used by the telephone and cable companies. 

Handhole:  Handholes are open bottom boxes with removable lids that are installed in the ground 
with the lids at ground level.  The handholes provide access to fiber cable and splice closures that are 
placed in the handhole.  Handholes are also called pull boxes. 

IP video:  Video in various forms, including traditional packages of TV programming, delivered over 
the Internet rather than by cable TV or satellite systems. 

Latency:  The time required for information to travel across the network from one point to another.  
Satellite Internet suffers from very high latency because the signals must travel a round trip to the 
satellite in stationary orbit (22,500 miles each way).  High latency makes it very difficult to use services 
like videoconferencing. 

Lit network:  A “lit”network  (or lit fiber) is the same as an active network.  “Lit” refers to the fact that 
the fiber equipment at each end use small lasers transmitting very high frequency light to send the two 
way data traffic over the fiber. 

Blair County Draft Wireless Network Design Page  of 39 40



DRAFT

MST:  Multiport Service Terminals are widely used in fiber to the home deployments to connect 
individual home drop cables to larger distribution cables on poles or in handholes.  Pre-connectorized 
drop cables snap into the MST ports and do not require any splicing. 

Passive network:  Refers to infrastructure that does not have any powered equipment associated with 
it.  Examples include wireless towers, conduit (plastic duct), handholes, and dark fiber. 

Pull boxes:  Pull boxes (also called handholes) are used to provide access to fiber cable and splice 
closures.  They are called pull boxes because they are also used during the fiber cable construction 
process to pull the fiber cable through conduit between two pull boxes. 

Splice closures:  Splice closures come in a variety of sizes and shapes and are used to provide access 
to fiber cable that has been cut open to give installers access to individual fiber strands.  Splice 
closures are designed to be waterproof (to keep moisture out of the fiber cable) and can be mounted 
on aerial fiber cable or placed underground in handholes. Also called FOSCs. 

Splicing: The process of providing a transparent joint (connection) between two individual fiber 
strands so that laser light passes through.  A common use of splicing is to connect a small “drop” cable 
of one or two fiber strands to a much larger (e.g. 144 fiber strand) cable to provide fiber services to a 
single home or business. 

SCADA:  Supervisory Control and Data Acquisition. Used by the electric utility industry and some other 
utilities (e.g. water/sewer) to manage their systems.  

Symmetric connection:  The upload and download bandwidth (speed) is equal.  This is important for 
businesses and for work from home/job from home opportunities. 

Virtual Private Network:  A VPN creates a private, controlled access link between a user’s computer 
and a corporate or education network in a different location.  VPNs are often encrypted to protect 
company and personal data.  VPNs usually require a symmetric connection (equal upload and 
download speeds) to work properly. 
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