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Executive Summary

The cell tower industry is one of the most dynamic and capital-intensive sectors in American
infrastructure. From the first analog cellular call placed in 1973 to the sprawling 5G densification buildout
reshaping the nation's wireless landscape in 2025, cell towers have evolved from simple radio repeaters
into sophisticated multi-technology platforms supporting everything from emergency communications to
autonomous vehicle coordination.

This white paper provides the most comprehensive examination of the U.S. cell tower industry available
to contractors, tower owners, carriers, investors, and insurance professionals. It covers the full spectrum
of the industry — its history, physical structure types, construction process, electronics and radio
frequency systems, low voltage DC power infrastructure, maintenance and operations, 5G upgrade
requirements, market statistics, workforce, safety, and the critical but often overlooked question of
insurance and risk management.

Key findings of this report include:

* By the end of 2024, over 651,000 structures of all types supported U.S. wireless infrastructure,
including 154,800 purpose-built cellular towers and 248,050 macrocell sites.

« The U.S. cell tower industry generates approximately $61.6 billion in annual revenue, growing at
a compound annual rate of 3.5%.

* 5G deployment is driving a once-in-a-generation infrastructure buildout, with 5G requiring up to
10 times more cell sites than 4G LTE to deliver equivalent coverage.

+ Tower construction carries some of the highest occupational fatality rates of any industry in the
United States. Proper insurance is not optional — it is existential.

* The surplus lines insurance market plays a critical role in covering the unique, high-hazard
exposures of cell tower contractors that standard carriers routinely decline.

This paper is produced by Crescenta Valley Insurance (CVI), a surplus lines commercial insurance
brokerage specializing in hard-to-place risks including telecommunications contractors, cell tower
construction and maintenance firms, communications electronics installers, and related specialty
contractors. CVI is licensed in California, Texas, Oklahoma, Nevada, Alaska, Wyoming, New Mexico,
North Dakota, and Pennsylvania.
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Chapter 1: The History of Cell Towers

1.1 The Pre-Cellular Era: Radio Before the Cell

Long before the first cell tower stood on American soil, the concept of wireless communication had
already transformed warfare, commerce, and daily life. Guglielmo Marconi's first transatlantic radio
transmission in 1901 demonstrated that voice and data could travel through the air without wires. By
World War Il, radio towers were essential military infrastructure. The post-war era brought commercial
AM and FM broadcasting, followed by the first generation of mobile radio telephone systems in the 1940s
— enormous, vehicle-mounted units that used a single powerful transmitter to cover an entire
metropolitan area.

The fundamental problem with these early systems was capacity. A single high-powered transmitter could
only handle a handful of simultaneous calls across an entire city. Bell Labs researchers D.H. Ring and
W. Rae Young solved this problem conceptually in 1947 with the idea of dividing a city into small
geographic areas — cells — each served by a low-power transmitter using a subset of available radio
frequencies. Adjacent cells would use different frequencies to avoid interference, but non-adjacent cells
could reuse the same frequencies, multiplying capacity dramatically. This concept, known as frequency
reuse, is the intellectual foundation of every cell tower built since.

1.2 The Birth of the Cellular Tower: 1G (1979-1991)

Japan launched the world's first commercial cellular network in 1979, operated by NTT. The United States
followed in 1983 when Motorola and AT&T launched the Advanced Mobile Phone System (AMPS) —
America's 1G network — initially in Chicago and Baltimore-Washington. The Motorola DynaTAC 8000X,
colloquially known as the 'brick phone,' became the first commercially available handheld cellular device.

The 1G era was characterized by a construction boom. Carriers raced to cover major metropolitan areas,
erecting thousands of towers in rapid succession. Because the technology was analog and frequencies
were limited, coverage gaps were severe. Rural areas had essentially no service. Tower construction
focused on height — the taller the tower, the larger the coverage footprint. Guyed towers and lattice
structures dominated, particularly in rural and suburban locations where height was achievable and land
was available.

By the late 1980s, carriers began to understand that they could not build their way out of the capacity
problem with 1G. The technology's analog nature meant that conversations could be intercepted with a
simple radio scanner. Security was nonexistent. And the increasing popularity of mobile phones was
overwhelming available spectrum.

1.3 Digital Revolution: 2G (1991-2001)

Finland's Radiolinja launched the first 2G GSM network in 1991, ushering in the era of digital cellular
communications. The United States adopted a patchwork of 2G standards, including GSM (used by AT&T
and T-Mobile predecessors) and CDMA (used by Verizon and Sprint predecessors). Digital transmission
offered dramatically better voice quality, rudimentary data services, and — critically — the Short Message
Service (SMS), or text messaging, which became a cultural phenomenon.

For the tower industry, 2G meant more sites, not just taller sites. Because digital networks could achieve
greater spectral efficiency, carriers could deploy shorter towers covering smaller geographic cells,
allowing for network densification in urban areas. The 2G era also introduced the concept of co-location
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— multiple carriers sharing a single tower structure — which transformed the economics of tower
ownership. Independent tower companies like American Tower, Crown Castle, and SBA
Communications began acquiring towers from carriers, becoming the landlords of wireless infrastructure.

1.4 Mobile Internet Arrives: 3G (2001-2012)

NTT DoCoMo launched the world's first 3G network in Japan in 2001. American carriers followed between
2003 and 2007. The 3G era brought true mobile internet access, enabling browsing, email, and
rudimentary streaming. When Apple launched the iPhone in 2007 and the App Store in 2008, mobile data
consumption exploded. Carriers were caught flat-footed: 3G networks designed for relatively low data
volumes were suddenly carrying enormous traffic from smartphones.

The response was a massive infrastructure investment cycle. Carriers upgraded existing tower sites with
new radio equipment and added thousands of new sites. The equipment shelter — the ground-level
building housing baseband processing units, power systems, and transmission equipment — became a
standard feature of virtually every tower site. Fiber backhaul connections replaced microwave links at
many urban sites, carrying the higher data volumes that 3G demanded.

1.5 The LTE Era: 4G (2009-2019)

Verizon launched America's first 4G LTE network in December 2010. LTE — Long Term Evolution —
delivered data speeds 10 to 50 times faster than 3G, enabling high-definition video streaming, video
calling, and the cloud-connected applications that define modern smartphones. The iPhone moment for
LTE came with Netflix streaming, YouTube HD, and real-time navigation on devices constantly connected
to the internet.

The 4G era drove a new kind of tower evolution. Rather than simply adding radio equipment, carriers
began upgrading tower electronics to support MIMO (Multiple Input Multiple Output) antenna systems
that used spatial multiplexing to multiply data throughput without additional spectrum. Carrier aggregation
— combining multiple frequency bands simultaneously — became standard practice. The physical tower
itself mattered less; the electronic sophistication of the equipment hanging on it mattered enormously.

1.6 The 5G Era: 2019 to Present

Verizon launched a fixed 5G home internet service in 2018, and the first mobile 5G networks came online
in 2019. By 2024, 5G connections had surpassed two billion worldwide. In the United States, all three
major carriers — AT&T, Verizon, and T-Mobile — operate nationwide 5G networks, though the nature of
that coverage varies significantly by frequency band used.

5G represents the most disruptive technology shift the cell tower industry has ever experienced. Unlike
previous generations, where a new network could largely be deployed on existing towers by swapping
radio equipment, 5G's use of higher frequency spectrum — particularly mid-band and millimeter wave
(mmWave) spectrum — requires a fundamentally denser network of sites. 5G networks may ultimately
require up to 10 times more cell sites than 4G to achieve comparable coverage, driving a tower
construction and upgrade cycle unlike anything the industry has previously seen.

1.7 Looking Ahead: 6G on the Horizon

Research into sixth-generation wireless technology is already underway at universities, government
laboratories, and major telecommunications manufacturers. 6G is expected to be commercially deployed
around 2030 and will likely incorporate artificial intelligence at the network layer, terahertz spectrum
frequencies, and integration with non-terrestrial networks including satellites and high-altitude platforms.
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For tower contractors, 6G represents yet another upgrade cycle — and yet another generation of risk
exposure that must be properly insured.
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Chapter 2: The U.S. Cell Tower Industry — Scale, Structure
& Players

2.1 Market Size and Economic Impact

The U.S. cell tower and wireless infrastructure industry is massive, growing, and economically essential.
Industry revenue from cell site operation and leasing alone reached approximately $61.6 billion in 2025,
with a compound annual growth rate of 3.5% over the prior five-year period. When tower construction,
equipment manufacturing, installation, maintenance, and related services are included, the broader
wireless infrastructure ecosystem represents hundreds of billions in annual economic activity.

Industry Snapshot (End of 2024)

Total wireless infrastructure structures: 651,000+ | Purpose-built cellular towers: 154,800 |
Total macrocell sites: 248,050 | Annual industry revenue: ~$61.6 billion | American jobs
supported: 368,750+

The Wireless Infrastructure Association (WIA) reports that by the end of 2024, more than 368,750 high-
quality American jobs were directly supported by the wireless infrastructure industry. Tower technicians
— the men and women who climb, install, maintain, and upgrade tower equipment — represent
approximately 10% of that total, or roughly 37,000 workers.

2.2 The Three-Tier Industry Structure

The U.S. wireless infrastructure industry is organized in three primary tiers:

Tier 1: Tower Owners | TowerCos

The largest tower companies are publicly traded Real Estate Investment Trusts (REITs) that own and
lease tower space to wireless carriers. The 'Big Three' are American Tower Corporation (NYSE: AMT),
Crown Castle (NYSE: CCI), and SBA Communications (NASDAQ: SBAC). American Tower alone
reported revenues of $10.6 billion in 2025 and owns tens of thousands of towers across the United States.
These companies are landlords — they build or acquire towers and lease space on them to multiple
carriers.

Tier 2: Wireless Carriers

The four major wireless carriers — AT&T, Verizon, T-Mobile (which absorbed Sprint in 2020), and Dish
Wireless — are the primary tenants on cell towers. They pay rent to tower companies, install their own
radio equipment, and are responsible for the RF electronics, fiber backhaul, and software systems that
make their networks function. Carriers have largely divested their tower portfolios to the TowerCos,
preferring to lease rather than own.

Tier 3: Specialty Contractors

The actual work of building, upgrading, and maintaining towers is performed by a vast ecosystem of
specialty contractors. These include general contractors who manage cell tower construction projects,
structural steel and rigging companies that erect tower structures, electrical contractors who handle
power systems and ground wiring, tower climbers and rigging specialists who install antenna and radio
equipment at height, telecommunications electronics firms that install and commission RF equipment,
civil contractors who handle site preparation and foundations, and maintenance and inspection firms that
provide ongoing services to tower owners and carriers.
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This third tier is where Crescenta Valley Insurance specializes. These contractors carry risk profiles that
standard commercial insurance carriers routinely decline — working at extreme heights, handling high-
voltage electrical systems, managing complex telecommunications equipment, and operating in
environments where a single mistake can result in a fatality, a tower collapse, or a network outage
affecting hundreds of thousands of users.

2.3 Major Tower Company Profiles

Company ' NYSE/NASDAQ Approx. US Towers | 2025 Revenue
American Tower Corp. AMT 43,000+ $10.6 Billion
Crown Castle Inc. CCl 40,000+ ~$6.6 Billion
SBA Communications SBAC 17,000+ ~$2.7 Billion
Vertical Bridge (Private) ~6,000+ N/A (Private)
Tillman Infrastructure (Private) ~5,000+ N/A (Private)
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Chapter 3: Cell Tower Types, Structures & Physical Design

3.1 The Monopole Tower

The monopole is the most recognizable and most commonly constructed tower type in urban and
suburban environments. A monopole is a single, self-supporting cylindrical steel tube — typically
manufactured from galvanized steel in sections that are stacked and bolted together to reach the desired
height. Monopole towers typically range from 80 to 200 feet in height, though ultra-tall monopoles
exceeding 200 feet are built for specific applications.

Advantages of the monopole include a minimal ground footprint (as small as 400—-600 square feet), visual
simplicity that satisfies many local zoning requirements, and structural self-sufficiency — no guy wires or
external supports are required. Antennas and radio equipment are mounted on the exterior of the tower
on steel mounts called sectors. Coaxial or fiber cables are typically run along the interior of the tube from
the antenna to ground-level equipment.

The monopole's primary limitation is capacity: because antennas are mounted externally on a round tube,
the number of antenna arrays and equipment mounts is constrained compared to a lattice structure.
However, modern slim-line and panel antenna designs have largely addressed this limitation for 4G and
5G applications.

3.2 The Lattice (Self-Support) Tower

The lattice tower — also called a self-support tower (SST) — is a freestanding triangular or square
framework structure assembled from hundreds of shorter steel members connected by bolts, nuts, and
cross-bracing. Lattice towers range from 200 to 400 feet in height and can accommodate far more
antenna arrays, dishes, and equipment than a monopole. The Eiffel Tower is the world's most famous
example of a lattice structure.

Lattice towers are the workhorses of rural wireless infrastructure. Their open framework creates less wind
resistance per unit of height compared to solid structures, making them structurally efficient at extreme
heights. They can support multiple wireless carriers simultaneously, with different carriers' equipment
mounted at different elevations. The primary disadvantages are a larger ground footprint (often requiring
50x50 feet or more at the base), more complex maintenance due to the multitude of bolts and
connections, and greater visual impact in sensitive environments.

3.3 The Guyed Tower

The guyed tower is the simplest and least expensive tower structure per foot of height. It consists of a
slender steel lattice mast — essentially a single-legged tower — anchored by guy wires (steel cables)
that radiate outward from the tower at multiple levels and are anchored to the ground with concrete
deadman anchors or helical piers. Guyed towers can reach extraordinary heights: some exceed 2,000
feet, making them among the tallest man-made structures in existence.

The KVLY-TV tower in North Dakota stood at 2,063 feet and was for many years the tallest structure in
the Western Hemisphere. Guyed towers are prevalent in broadcast radio and television applications
where maximum height is paramount. In cellular applications, guyed towers are common in rural areas
where land is plentiful and height is needed to cover vast geographic territories.
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The operational hazard of guyed towers is considerable. The guy wires — which may number in the
dozens on a tall tower — must be precisely tensioned and regularly inspected. A failed guy wire can
trigger catastrophic tower collapse. Guy wire anchors extend 60—-80% of the tower height in each direction
from the base, requiring large land areas. Climbing a guyed tower is more technically demanding than
climbing a monopole or lattice structure.

3.4 Stealth and Concealment Towers

As wireless infrastructure became ubiquitous in the 1990s and 2000s, community opposition to tower
aesthetics drove the development of concealment or 'stealth' designs. Stealth towers are monopoles or
lattice structures disguised to blend into their surroundings. Common designs include:

* Monopine / Monopalm: Towers disguised as pine, palm, or broad-leaf trees, with fiberglass
'branches' and antenna concealment within the trunk

* Monocactus: Common in Arizona and the desert Southwest, these towers replicate saguaro
cactus forms

* Flagpole towers: Thicker-than-normal flagpoles with antennas concealed internally — often
flying an actual American flag

» Water tower replicas: Lattice-base structures topped with a faux water tank housing concealed
antennas

* Bell towers and steeples: Towers integrated into church architecture, often with carrier antennas
hidden within the steeple structure

* Light poles: Streetlight-style poles in urban right-of-way locations with antennas embedded in
the fixture housing

Stealth towers typically cost 20-50% more than conventional towers of equivalent height due to the
custom fabrication of concealment materials. The most common materials include fiberglass-reinforced
plastic (FRP) for branches and trunks, and UV-stabilized polyurethane foam for texture and color
replication.

3.5 Small Cell Poles and Distributed Antenna Systems (DAS)

The rise of 5G has driven massive growth in small cell deployments — compact, low-power base stations
mounted on utility poles, streetlights, building facades, and purpose-built small cell poles. Small cells
cover much smaller geographic areas than macro towers (typically a few hundred meters to a kilometer)
but can be deployed in far greater density, enabling the network densification that 5G requires.

A Distributed Antenna System (DAS) takes the small cell concept indoors, deploying a network of small
antennas connected by fiber or coaxial cable throughout a building, stadium, airport, or campus. DAS
installations are essential in large venues where thick concrete and steel construction blocks outdoor cell
signals, and where concentrations of users would overwhelm any single macro cell.

Small Cell Fast Facts

5G networks may require up to 10x more cell sites than 4G | Research firm IDTechEX
projects 45 million 5G small cells deployed globally by 2031 | Small cells cover 100m—2km
vs. 1Tkm—30km for macro towers | Indoor DAS systems can cost $100,000 to $5 million+
depending on facility size

3.6 Rooftop Cell Sites
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Rooftop cell sites — antennas and equipment installed on the top of buildings — are common in dense
urban environments where land for a ground-mounted tower is unavailable or prohibitively expensive.
Rooftop installations typically use penthouses or equipment shelters to house base station electronics,
with antennas mounted on parapets, elevator machine rooms, or purpose-built rooftop structures.

Rooftop installations introduce unique structural, aesthetic, and landlord-tenant dynamics. Building
owners must ensure that antenna weight, wind loading, and equipment vibration do not compromise
structural integrity. Penetrations through roofs for cable routing must be properly sealed and flashed to
prevent water intrusion. These sites require specialized contractors with both telecommunications and
commercial roofing competencies.
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Chapter 4: Cell Tower Construction — Process, Phases &
Costs

4.1 The Pre-Construction Phase

A typical cell tower project begins 6 to 18 months before the first shovel hits the ground, as the pre-
construction phase navigates the complex web of site acquisition, permitting, and regulatory approval.

Site Acquisition

A carrier or tower company identifies a geographic area needing coverage and dispatches site acquisition
specialists to find suitable land. Ideal sites have favorable topography, proximity to power and fiber,
acceptable zoning, and a willing landowner. Site acquisition specialists negotiate ground leases with
landowners — typically paying annual rents ranging from $2,000 to $45,000 or more depending on
location and market competition. Option agreements lock in the site while permitting proceeds.

Engineering and Design

Structural engineers design the tower to meet TIA-222 (Telecommunications Industry Association)
structural standards, accounting for anticipated antenna and equipment loads, wind loads per the
applicable geographic wind zone, ice loading (relevant in northern states), and seismic considerations in
earthquake-prone regions. Foundation design is critical: different soil conditions — rock, clay, sand, fill
— require dramatically different foundation approaches.

Zoning and Permitting

Cell tower zoning is among the most contentious regulatory processes in American local government.
Carriers and tower companies must typically obtain: local zoning approval or a conditional use permit;
building permits from the local building department; FAA Form 7460-1 (Notice of Proposed Construction)
for towers that could affect navigable airspace; FCC registration for towers exceeding 200 feet; and in
environmentally sensitive areas, compliance with the National Environmental Policy Act (NEPA) and
Section 106 of the National Historic Preservation Act.

The Telecommunications Act of 1996 limits local governments' ability to prohibit cell towers outright, but
the permitting process can still take 3 to 18 months — or longer in jurisdictions with strong community
opposition. Coastal areas in California are notoriously difficult, with permitting timelines sometimes
exceeding three years.

4.2 Site Preparation and Civil Work

Once permits are in hand, the construction crew — typically a team of 5 to 7 workers — mobilizes to the
site. Initial site work includes:

+ Site clearing: Removal of vegetation, debris, and obstructions within the compound area

+ Grading and drainage: Leveling the site and establishing drainage patterns to prevent erosion
and water accumulation

* Access road construction: Gravel or paved road from the nearest public road to the tower
compound — often the most expensive civil component in remote locations

+ Perimeter fencing: Chain-link or ornamental fencing around the compound, typically with locked
access gates

« Utility installation: Electrical service trench and conduit from the utility company's transformer to
the compound
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4.3 Foundation Construction

The tower foundation is the most critical structural element of the entire cell site. A foundation failure can
result in tower collapse — a catastrophic event with potentially fatal consequences and enormous liability
exposure. Foundation types vary by tower type and soil conditions:

Drilled Pier (Caisson) Foundations

The most common foundation type for monopoles and lattice towers. A drill rig bores one or more large-
diameter holes — typically 36 to 72 inches in diameter and 30 to 80 feet deep — into the earth. Steel
rebar cages are installed in the holes, and concrete is poured. The tower anchor bolts or base plate are
embedded in the concrete during pouring. Concrete must cure for a minimum of 27 days before the tower
can be erected, so foundation work must begin well ahead of the planned erection date.

Spread Footing Foundations

Used where soil bearing capacity is adequate and depth to bedrock is shallow. A wide, shallow concrete
pad distributes the tower's loads over a larger soil area. Spread footings are generally faster and less
expensive than drilled piers but are only appropriate in specific geological conditions.

Helical Pier Foundations

Steel helical piles are screwed into the earth using a hydraulic drive, providing immediate load-bearing
capacity without waiting for concrete to cure. Used in soft soils, expansive clays, and situations where
speed of construction is paramount.

4.4 Tower Erection

With the foundation cured and site prepared, the tower erection crew — often a specialized steel erection
subcontractor — mobilizes with a crane and rigging equipment. Monopole sections are typically lifted by
crane and stacked from bottom to top, with each section bolted to the one below. A 150-foot monopole
might consist of 4 to 6 tapered sections.

Lattice tower assembly begins at the base and proceeds upward. Workers on the ground pre-assemble
tower sections, which are then lifted by crane and bolted to the growing tower. At significant heights,
tower climbers take over from the crane, using block-and-tackle systems to lift and position individual
members that are too awkward for crane placement.

Physical tower erection — once the foundation is cured and equipment is on site — can be completed in
as few as 3 to 10 working days for a standard monopole, or 10 to 30 days for a tall lattice tower. The
practical bottleneck is always the foundation cure time.

4.5 Equipment Installation and Commissioning

With the tower structure complete, the telecommunications installation phase begins. This work is
performed by a different crew from the structural erection team — tower climbers and RF electronics
technicians who install and configure the carrier's radio equipment:

* Antenna mounting: Panel antennas are mounted on the tower at the specified elevation and
azimuth (compass bearing) using steel mounting hardware and sector frames

» Cable installation: Coaxial jumper cables connect the antennas to the main coaxial feedlines,
which run down the tower to the base station equipment

» Radio unit installation: Depending on the architecture, Remote Radio Units (RRUs) or Remote
Radio Heads (RRHs) may be mounted on the tower near the antennas, minimizing signal loss in
coaxial cables
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* Ground equipment: The base station equipment — Baseband Unit (BBU), rectifiers, battery
backup systems, power distribution panels — is installed in the equipment shelter

* Backhaul connection: Fiber optic or microwave backhaul links are installed to connect the cell

site to the carrier's core network

* Commissioning: RF technicians configure and test all equipment, verify antenna patterns and
power levels, and complete network integration testing

4.6 Construction Costs

Cell tower construction costs vary enormously based on tower type, height, location, soil conditions,
access difficulty, and local permitting fees. The following ranges represent industry norms for purpose-

built cellular towers in the United States:

Standard monopole (100-150 ft)
Tall monopole (150-200 ft)
Lattice tower (200-300 ft)
Guyed tower (300-1,000+ ft)
Stealth / concealment premium
Environmentally sensitive areas
Equipment and RF installation
Small cell (single unit)

DAS system (large venue)

4.7 Construction Timeline Summary

Site acquisition and lease negotiation
Engineering and design

Zoning and permitting

Site preparation and civil work

Foundation construction and cure

Tower erection

Equipment installation and commissioning

Total project (inception to on-air)

$150,000 — $350,000
$250,000 — $600,000
$300,000 - $750,000
$200,000 — $500,000+

+20% to +50% over standard
$300,000 — $1,000,000+
$50,000 — $200,000 per carrier
$30,000 — $100,000

$500,000 — $5,000,000+

1 — 6 months
1 — 3 months

3 — 18 months (or longer)

2 — 4 weeks
4 — 8 weeks
3 — 30 days
2 — 6 weeks

6 — 24 months typical
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Chapter 5: Communications Electronics & RF Systems

5.1 The RF Signal Chain — How a Cell Tower Actually Works

A cell tower is not simply a tall antenna. It is a complex system of interconnected electronic components
that receive, process, amplify, transmit, and manage radio frequency signals across multiple frequency
bands simultaneously. Understanding the RF signal chain is essential for contractors, technicians, and
insurers alike.

When a mobile device initiates a call or data session, it transmits a low-power radio signal that propagates
outward from the device. The nearest cell tower's receiving antennas capture this signal — along with
thousands of other simultaneous signals from other devices. The received signals are filtered, amplified
(while minimizing noise), converted from analog radio frequency to digital baseband signals, processed
by the base station's signal processing hardware, and forwarded via backhaul connection to the carrier's
core network, which routes the communication to its destination. The reverse path applies for signals
traveling from the network to the device.

5.2 Antenna Systems

Panel Antennas

Panel antennas — rectangular flat-panel arrays typically 1 to 2 meters in length — are the most common
type of cell tower antenna. Each panel covers a sector of approximately 60 to 120 degrees horizontally.
A typical macro cell site uses three sectors (covering 360 degrees total), each with one or more panel
antennas. Modern panel antennas are increasingly 'active' antennas that integrate power amplifiers and
digital signal processing within the antenna housing itself — known as Active Antenna Units (AAUs) —
enabling advanced capabilities like Massive MIMO and dynamic beamforming.

Massive MIMO Antennas

5G networks deploy Massive MIMO (Massive Multiple Input Multiple Output) antenna arrays — panels
containing 32, 64, or even 128 individual antenna elements. Rather than broadcasting a signal in a fixed
directional pattern, Massive MIMO systems use digital signal processing to form narrow, dynamically
directed 'beams' aimed at individual users or groups of users. This beamforming capability dramatically
increases spectral efficiency, enabling a single cell site to serve far more simultaneous users at higher
speeds.

Omnidirectional Antennas

Omnidirectional antennas — round or tubular devices — broadcast signals uniformly in all horizontal
directions. They are common in rural applications where coverage radius is paramount, and in repeater
applications. They are rarely used as primary carrier antennas at modern macro cell sites.

Dish Antennas (Microwave Backhaul)

Large parabolic dish antennas — the circular, saucer-shaped antennas often seen mounted at different
heights on tower structures — are point-to-point microwave radio links used for backhaul. They carry the
aggregated traffic from the cell site to the carrier's network backbone across line-of-sight paths that may
span 5 to 40 miles. In locations where fiber is unavailable or too expensive to install, microwave backhaul
is the primary network connection.

5.3 Base Station Equipment
Remote Radio Units (RRUs) / Remote Radio Heads (RRHs)
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Modern cellular deployments increasingly use a distributed radio architecture where power amplifiers and
radio frequency conversion components are mounted on the tower near the antennas — as Remote
Radio Units (RRUs) or Remote Radio Heads (RRHs) — connected to ground-level baseband processing
units via fiber-optic CPRI (Common Public Radio Interface) or ethernet links. This distributed approach
significantly reduces coaxial cable loss, improving system efficiency and coverage.

Baseband Units (BBUs)

The Baseband Unit is the brain of the cell site. It handles all digital signal processing: modulation and
demodulation, error correction, scheduling of frequency and time resources across users, coordination
with neighboring cells, and interface with the backhaul connection to the core network. BBUs are typically
rack-mounted electronic equipment installed in a climate-controlled equipment shelter or outdoor cabinet
at the base of the tower.

Open RAN (O-RAN)

Traditional cell site electronics used proprietary interfaces that locked carriers into a single vendor's
ecosystem. Open RAN (O-RAN) is a movement toward open, standardized interfaces that allow mixing
and matching of components from different vendors. As of late 2025, Dish Wireless had 18,000 Open
RAN sites under construction, and AT&T was deploying O-RAN technology in collaboration with Ericsson.
O-RAN promises greater flexibility and potentially lower costs but introduces new integration and security
challenges.

5.4 Frequency Bands and Their Characteristics

Not all radio frequencies behave the same way. The fundamental trade-off in wireless communications
is between range and capacity: lower frequency signals travel farther but carry less data; higher frequency
signals can carry enormous amounts of data but over shorter distances. This physics reality shapes every
cell tower deployment decision.

Band Type Frequency Capacity 5G Application
Range

Low-band 600 MHz — 1 10-30+ miles Low 5G NR (n71, n77)
GHz

Mid-band 1 GHz - 6 GHz 1-10 miles High C-Band, CBRS,

n41

mmWave 24 GHz - 100 <0.5 miles Very High n257, n258, n260

GHz

For 5G deployment, mid-band spectrum — particularly the C-Band (3.7-3.98 GHz) and CBRS (Citizens
Broadband Radio Service) band — has emerged as the 'sweet spot." Mid-band 5G offers a meaningful
improvement in both coverage and capacity compared to low-band, without the severe range limitations
of mmWave. T-Mobile's mid-band 5G network, built on 2.5 GHz spectrum acquired from Sprint, has been
widely regarded as the most capable 5G network in the United States as of 2025.

5.5 Backhaul Technologies

The backhaul connection — carrying traffic between the cell site and the carrier's core network — is as
important as the radio equipment itself. A cell site with excellent antennas and base station electronics is
useless if the backhaul is inadequate. Backhaul options include:
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Fiber optic: The gold standard — high capacity, low latency, immunity to weather and
interference. Most urban and suburban macro sites use fiber backhaul. Cost can be prohibitive
in remote locations.

Microwave point-to-point radio: Used extensively in rural areas and as a complement to fiber.
Typical capacity of 1-10 Gbps over line-of-sight distances of 5—40 miles. Susceptible to
atmospheric conditions (rain fade) at higher frequencies.

Millimeter wave E-band (70/80 GHz): Extremely high capacity microwave backhaul used in
dense urban areas for small cell deployments. Short range (under 2 miles) but multi-gigabit
capacity.

Satellite (LEO): Low Earth Orbit satellite backhaul from providers like SpaceX Starlink is
emerging as a viable option for truly remote sites where fiber and terrestrial microwave are
impractical.
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Chapter 6: Low Voltage DC Power Systems — The
Lifeblood of the Cell Site

6.1 Why Cell Towers Run on DC Power

Unlike most commercial and industrial facilities that operate primarily on alternating current (AC), the
electronic equipment at a cell tower site runs on direct current (DC) — specifically, a nominal -48V DC
system. This telecommunications industry standard dates back over a century to the early days of
telephone switching equipment, and it persists because DC power systems offer significant advantages
for mission-critical communications applications:

» Simplicity of battery backup: DC systems can directly connect battery banks in parallel with the
load, providing seamless backup power with no inverter or transfer switch required

* Reliability: Fewer conversion stages mean fewer potential points of failure

* Noise immunity: DC systems eliminate the electromagnetic interference that AC alternating
fields can introduce into sensitive radio frequency electronics

« Efficiency: Modern high-frequency DC-DC converters and rectifiers achieve efficiencies of 95%
or higher

6.2 The -48V DC Power Plant

The standard cell site power system is built around a -48V DC 'power plant' — an integrated system of
AC-to-DC rectifiers, battery banks, a power distribution unit, and a supervisory control system. The choice
of negative 48 volts (rather than positive) is a telecommunications convention: the negative ground
system reduces the risk of electrochemical corrosion on copper conductors in humid environments.

Rectifiers

Rectifiers are the conversion engines of the DC power plant. They take commercial utility AC power
(typically 120/208V or 277/480V three-phase) and convert it to regulated -48V DC. Modern
telecommunications rectifiers use switch-mode power supply technology and achieve efficiencies above
95%. They are typically modular — multiple rectifier modules in a single chassis — so a single module
failure doesn't bring down the entire power system. Total rectifier capacity at a cell site typically ranges
from 100 to 2,000 amperes depending on the site's power requirements.

Battery Backup Systems

Battery backup is not optional at cell tower sites — it is mandated by carrier technical specifications and
often by public utility commissions for sites supporting emergency communications. Battery backup
provides power to keep the site running during commercial power outages, protecting network availability
and enabling emergency calls during disasters.

Traditional cell site battery technology uses Valve Regulated Lead Acid (VRLA) batteries — sealed,
maintenance-free batteries that can be installed in outdoor equipment cabinets without ventilation
requirements. Standard macro cell sites specify 4 to 8 hours of backup capacity at full load. The transition
to lithium iron phosphate (LiFePO4) battery technology is accelerating in newer deployments, with lithium
batteries offering longer cycle life, higher energy density (significantly smaller footprint), and better
performance at temperature extremes — advantages that are particularly valuable in outdoor cabinet
installations in hot or cold climates.

Battery Technology Comparison
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VRLA (Lead-Acid): Lower upfront cost | 3—7 year typical life | Temperature sensitive | Larger
footprint | Proven technology LiFePO4 (Lithium): Higher upfront cost | 10—15+ year life |
Better temperature performance | 50—70% smaller footprint | Emerging industry standard for
new deployments

Power Distribution Units (PDUs)

The DC power distribution unit is the electrical distribution panel of the -48V system. It accepts power
from the rectifiers and batteries and distributes it through individual circuit breakers or fuses to the various
DC loads at the site: base station equipment, remote radio units (via power over fiber or DC cabling up
the tower), cooling systems, monitoring equipment, lighting, and other ancillary loads.

Supervisory Control and Monitoring

Modern cell site power plants incorporate sophisticated monitoring and remote control systems that
continuously track rectifier output, battery state of charge, battery temperature, DC bus voltage, load
current on each circuit, and AC input quality. Alarms are transmitted to the carrier's network operations
center in real time. Advanced systems can remotely reboot individual loads, adjust battery charging
parameters based on temperature, and dispatch preventive maintenance before failures occur.

6.3 AC Power Systems at Cell Sites

While the telecommunications electronics run on DC, the cell site also includes significant AC electrical
infrastructure. The AC power system includes:

» Service entrance: The utility company's transformer and metering equipment, sized to the site's
total power demand — typically 50 to 200 kVA for a standard macro site

+ Automatic Transfer Switch (ATS): Switches between commercial utility power and the backup
generator automatically upon a utility outage

* Generator: A diesel or natural gas generator provides extended backup power beyond the
battery bank's capacity. Generators at cell sites typically range from 15 to 150 kW. Sites in
hurricane-prone areas (Gulf Coast, Atlantic Coast) often specify generators sized to run for
multiple days

* AC distribution panel: Distributes AC power to non-DC loads including HVAC equipment,
lighting, the rectifier system's AC input, and convenience outlets for maintenance use

* Surge protection: Transient voltage surge suppressors (TVSS) protect sensitive electronics from
lightning-induced surges — critical at sites on elevated terrain where lightning strikes are
frequent

6.4 Grounding and Bonding

Proper grounding and bonding is arguably the most critical safety and reliability element of a cell site
electrical system. A comprehensive grounding system provides personnel safety (protecting workers from
electric shock), equipment protection (limiting the voltage that can appear between system components
during a fault or lightning strike), and signal integrity (providing a stable reference plane for sensitive RF
electronics).

Cell site grounding systems must comply with the Motorola R56 standard (the de facto industry standard
for telecommunications grounding) as well as NFPA 70 (the National Electrical Code), TIA-222, and
carrier-specific grounding requirements. A proper tower grounding system includes a ground ring (buried
copper conductor encircling the tower compound), tower base ground, equipment shelter ground bus,
AC panel ground, tower leg grounds at each base plate, and individual equipment grounds for every
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electronic component. All ground conductors must be bonded together to minimize potential differences
between system components.

Lightning protection is a specialized discipline within cell site grounding. Towers are essentially lightning
rods — tall metallic structures that attract lightning strikes. The grounding system must safely dissipate
enormous amounts of energy in a fraction of a second without creating dangerous voltages that could
injure personnel or damage equipment. Lightning arrestors are installed on all incoming and outgoing
conductors — antenna ports, coaxial feedlines, fiber connections, AC service entrance, telephone lines
— to clamp voltage spikes before they can reach sensitive electronics.

6.5 The Low Voltage DC Contractor's Scope of Work

The contractors who specialize in cell site power systems occupy a unique niche: they must be competent
in both telecommunications power systems and general electrical work. A typical scope of work for a cell
site DC power contractor includes:

» Installation and commissioning of DC power plants (rectifier systems, battery banks, PDUs)
* Battery system installation, replacement, and load testing

* AC electrical service installation and extension

* Generator installation, connection, and load bank testing

+ Automatic transfer switch installation and testing

* Grounding and bonding system installation and testing

* Lightning protection system installation and inspection

* Power system monitoring and remote management integration

* Preventive maintenance: battery testing, rectifier inspection, connection torque checks,
corrosion treatment

This scope typically falls under NCCI classification 7601 (Electrical Wiring — Within Buildings) or 7600
(Telephone, Telegraph, or Data Communications Equipment Installation) for workers' compensation
purposes. The combined electrical and telecommunications nature of this work can create classification
disputes with carriers — an area where working with a knowledgeable surplus lines broker is essential.
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Chapter 7: Cell Tower Maintenance & Operations

7.1 The Ongoing Maintenance Imperative

A cell tower is not a 'build it and forget it' asset. Every component — structural steel, antenna mounts,
coaxial cables, connectors, RF equipment, power systems, batteries, generators — degrades over time
and requires regular inspection, maintenance, and eventual replacement. Carrier agreements with tower
companies typically specify annual tower inspection and periodic structural loading analyses. The
consequences of deferred maintenance can be catastrophic: tower collapse, network outage, or injury to
workers and the public.

7.2 Structural Inspection and Tower Maintenance

Tower structural inspections are typically performed annually, with more frequent inspections after severe
weather events (hurricanes, ice storms, tornadoes). Qualified tower inspectors climb the structure and
visually inspect every element: welds, bolt connections (checking for looseness and corrosion), antenna
mounting hardware, safety climb systems, lighting systems, and the condition of coatings and
galvanizing. Guyed towers require tension measurements on all guy wires. Inspection reports typically
follow ANSI/TIA-222 or similar standards and document any deficiencies requiring corrective action.

Drone-assisted inspection is an increasingly common complement to (though not replacement for)
climbed inspections. High-resolution cameras and LIiDAR sensors on drones can detect surface
corrosion, cracked welds, loose hardware, and antenna alignment issues that might be difficult for a
climber to see, while eliminating some of the risk associated with climbing.

7.3 Antenna and RF Equipment Maintenance

RF equipment maintenance encompasses a range of activities performed at elevation by tower climbers:

* Antenna replacement and realignment: Antennas have a typical service life of 7-15 years.
Replacement requires a climber to work at height to remove the old antenna, install the new
one, and verify azimuth and downtilt settings

» Coaxial connector maintenance: Connectors at the top of coaxial feedlines — exposed to
weather, UV, and temperature cycling — develop corrosion and water ingress over time.
Regular inspection and re-weatherproofing is essential to maintaining signal integrity

+ Remote Radio Unit (RRU) replacement: Active antenna and remote radio units mounted on the
tower are complex electronic assemblies subject to failure from weather, thermal stress, and
power surges. Replacement requires both climbing competency and electronics knowledge

+ PIM (Passive Intermodulation) testing: PIM is a form of interference caused by loose, corroded,
or damaged connections in the passive RF path (antennas, connectors, jumpers, cables). PIM
testing is performed periodically to identify and correct connection problems before they
degrade network performance

7.4 Power System Maintenance

Cell site power system maintenance is typically performed on a quarterly, semi-annual, or annual
schedule depending on the component and carrier specifications. Key maintenance activities include:

» Battery testing: VRLA batteries must be tested regularly using conductance testing or full
discharge testing to verify capacity. A battery that tests at 80% capacity or less of rated capacity
is considered failed and must be replaced. Battery strings at cell sites are typically replaced on a
3-5 year cycle for VRLA, or 10+ years for lithium.
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Rectifier inspection: Visual inspection of rectifier modules for signs of overheating, cleaning of
cooling fans and air filters, verification of output voltage and current regulation

Generator maintenance: Oil changes, filter replacements, coolant testing, load bank testing to
verify the generator will actually carry the site's load under fault conditions — performed
annually or semi-annually

ATS testing: Monthly or quarterly exercising of the automatic transfer switch under load to verify
it will function properly during an actual outage

Grounding system inspection: Annual inspection of ground connections for corrosion,
looseness, and continuity. Ground rings should be periodically tested with a ground impedance
meter

7.5 Tower Safety Systems Maintenance

Every cell tower is equipped with life-safety systems that must be maintained in compliance with OSHA
standards, TIA-222, and carrier-specific requirements:

Aviation obstruction lighting: FAA-required red or white lights must be tested and maintained
continuously. Light failures must be reported to the FAA within 30 minutes of discovery. Many
carriers use remote monitoring systems that automatically detect and report light failures.

Safety climb systems: Vertical lifeline systems (also known as fall arrest systems) installed on
tower legs allow climbers to attach their personal fall protection equipment. Cables, ratchets,
and mounting hardware must be inspected annually and replaced on schedule.

Tower access and gate security: Locks, fencing, and perimeter security prevent unauthorized
access — a liability and safety concern.

7.6 Network Operations and Remote Monitoring

Modern cell sites are extensively monitored remotely from carrier network operations centers (NOCs).
Thousands of alarms — covering power system status, equipment temperature, door intrusion, battery
voltage, generator fuel level, and RF performance parameters — are continuously monitored and acted
upon. When a remote alarm cannot be resolved remotely, a field maintenance technician is dispatched
for a truck roll. Minimizing truck rolls is a major driver of remote monitoring investment: a single technician
visit to a remote site can cost $500 to $2,000+ in labor and travel.

© 2025 Crescenta Valley Insurance | (818) 974-8117 | steve@cvins.com | fcisgroup.com



The Complete Guide to Cell Tower Infrastructure | Crescenta Valley Insurance / FCIS Group | fcisgroup.com

Chapter 8: 5G Upgrades — The Buildout of a Generation

8.1 What 5G Actually Requires

The popular understanding of 5G as simply 'faster 4G' misses the profound infrastructure implications of
the technology. 5G is not merely a software upgrade or a new radio protocol — it is a fundamental
reimagining of wireless network architecture that requires massive physical infrastructure investment at
every existing cell site and the construction of tens of thousands of entirely new sites.

8.2 Macro Tower 5G Upgrades

Every existing 4G macro cell site in America is a potential candidate for 5G upgrade — a retrofit project
that may involve some or all of the following:

Antenna Replacement with 5G-Capable Arrays

Traditional 4G antennas use fixed beam patterns and relatively simple 2T2R or 4T4R MIMO
configurations. 5G mid-band deployments, particularly for C-Band, require Massive MIMO Active
Antenna Units (AAUs) that may be three to four times larger and significantly heavier than the 4G
equipment they replace. Tower structural analysis must confirm that the existing structure can support
the additional antenna weight and wind loading before upgrade work begins.

New Radio (NR) Base Station Equipment

5G New Radio (NR) base station equipment — both the Remote Radio Units mounted on the tower and
the Baseband Units in the shelter — must be replaced or supplemented with 5G-capable hardware.
Carriers typically install new 5G equipment alongside existing 4G equipment in a 'non-standalone' (NSA)
configuration initially, then transition to standalone (SA) 5G as the core network upgrades are completed.

Power System Upgrades

5G equipment — particularly Massive MIMO active antennas — consumes significantly more power than
the 4G equipment it supplements or replaces. A carrier adding 5G to an existing 4G site may increase
the site's total power consumption by 50-100%. This frequently requires rectifier capacity expansion,
battery bank augmentation, and sometimes a generator upgrade or AC service entrance upgrade. Power
system upgrades are a major component of 5G capex for all three major carriers.

Backhaul Augmentation

5G network performance is only as good as the backhaul that carries its traffic. A 5G cell site capable of
delivering multi-gigabit wireless speeds to users is useless if the backhaul connection can only carry 1
Gbps. 5G upgrades frequently require backhaul augmentation — installing additional fiber strands,
upgrading microwave backhaul to higher-capacity systems, or installing dark fiber where it didn't
previously exist.

8.3 The Small Cell Revolution

While macro tower upgrades receive most of the attention, the more transformative — and more labor-
intensive — aspect of 5G deployment is the densification of networks with small cells. 5G's use of mid-
band and high-band (mmWave) spectrum means that individual cell sites cover much smaller geographic
areas than their 4G predecessors. Delivering continuous, high-quality 5G coverage in dense urban
environments requires small cells spaced every few hundred meters.

The challenges of small cell deployment are substantial:
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*  Permitting: Mounting a small cell on a utility pole in a public right-of-way requires permits from
the relevant municipality or utility. Many cities have struggled to develop efficient permitting
processes, creating significant deployment delays.

* Power: Small cells mounted on existing streetlight poles or utility poles must be connected to
electrical power — which may require trenching, conduit installation, and new power service
connection.

* Fiber: Small cells require fiber backhaul connections. In areas without existing fiber in the right-
of-way, installing new fiber is expensive and disruptive.

* Height limits: Many municipalities impose height limits on wireless infrastructure in public rights-
of-way — often 35 to 50 feet — which limits coverage radius and may require more sites.

5G Investment Scale

AT&T launched a nationwide 5G standalone network in October 2025. Dish Wireless had
18,000 Open RAN sites under construction as of late 2025. IDTechEX projects 45 million 5G
small cells globally by 2031. American Tower is fitting 1,200 Texas and California tower sites
with solar-plus-battery systems by end-2027.

8.4 Open RAN and the Future of Tower Electronics

Open Radio Access Network (O-RAN) represents a potential paradigm shift in how cell site electronics
are designed and deployed. Traditional cellular networks use proprietary interfaces between the
baseband unit and the radio unit — locking carriers into single-vendor ecosystems from companies like
Ericsson, Nokia, and Samsung. O-RAN defines open, standardized interfaces that theoretically allow
interoperability between components from different vendors.

The practical implications for contractors are significant: O-RAN deployments may use software-defined
radio platforms, cloud-based baseband processing, and virtualized network functions that require
different installation skills, testing tools, and troubleshooting approaches than traditional proprietary
systems. Contractors who develop O-RAN competency early will be well-positioned for the next decade's
deployment cycle.

8.5 6G — The Next Upgrade Cycle

While the 5G buildout will occupy the industry through at least 2030, research into sixth-generation (6G)
wireless technology is already underway at the FCC, major universities, and technology companies. 6G
is expected to incorporate terahertz (THz) spectrum frequencies — above 100 GHz — which will deliver
extraordinary data rates but with propagation characteristics even more limited than mmWave 5G. This
implies an even denser network of even smaller sites, driving another generation of construction and
upgrade work for specialized contractors.
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Chapter 9: Industry Statistics & Market Projections

9.1 Infrastructure Stock

Purpose-built cellular towers (U.S., end of 154,800

2024)

Total macrocell sites (excluding small cells) 248,050

Total structures supporting wireless 651,000+

infrastructure

New towers built in 2024 ~1,891

New towers built YTD 2025 (registered, >200 ft) 494+

Active cell site operation/leasing businesses 3,104

(2025)

5G connections worldwide (end of 2024) 2 billion+
9.2 Financial Scale

U.S. cell site operation & leasing revenue ~$61.6 Billion

(2025)

5-year revenue CAGR (2020-2025) 3.5%

American Tower Corp. revenue (2025) $10.6 Billion

American Tower Corp. total assets (2025) $63.2 Billion

Wireless infrastructure jobs supported (end of 368,750+

2024)

Estimated tower technicians in U.S. ~37,000

WIA estimated annual infrastructure $63+ Billion

investment

9.3 Construction Projections

New tower construction in the United States has been running at approximately 1,800 to 2,000 purpose-
built towers per year in recent years, with private tower companies Vertical Bridge and Tillman
Infrastructure accounting for a significant share. This number does not include the far larger volume of
small cell deployments, rooftop sites, and macro site upgrades (which outnumber new builds by a large
margin).

5G deployment is expected to sustain elevated levels of tower-related construction and upgrade activity
through at least 2030. The transition from non-standalone (NSA) to standalone (SA) 5G architecture
requires additional infrastructure investment at virtually every macro site. C-Band spectrum deployments,
which require new antennas and radio equipment at tens of thousands of existing towers, are ongoing.

9.4 The Wireless Infrastructure Workforce
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The wireless infrastructure industry directly and indirectly employs hundreds of thousands of Americans.
Tower technicians and climbers — the specialty workers who perform the most dangerous aspects of
tower work — number approximately 37,000 nationwide. Tower climbing is consistently ranked among
the most hazardous occupations in the United States by OSHA, with fatality rates many times higher than
the national average for all industries.

The industry faces a growing workforce challenge: the surge in 5G deployment is creating demand for
qualified tower technicians that outpaces supply. Tower climbing certification programs, OSHA tower
safety training, and RF electronics technical education are expanding to address this gap, but the industry
will likely face a skilled labor shortage for years to come.
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Chapter 10: Occupational Safety — The Risks of Tower
Work

10.1 Tower Climbing: One of America's Most Dangerous Jobs

Cell tower construction and maintenance is among the most hazardous occupations in the United States.
OSHA has repeatedly cited the communications tower industry for alarming fatality rates. Tower climbers
face a unique combination of fall hazards at extreme heights, electrical exposure, heavy rigging and lifting
operations, severe weather exposure, and the physical demands of working at heights that would be
impossible for most people.

Safety Reality Check

Tower work fatality rates have historically been 10 to 25 times higher than the average for all
U.S. industries. A fall from 200 feet — a typical monopole height — is universally fatal. There
is no margin for error at elevation.

10.2 Fall Hazards

Falls from elevation are the leading cause of death and serious injury in tower work. OSHA regulations
require 100% fall protection above 4 feet in general industry and above 6 feet in construction — but the
cell tower industry's unique combination of vertical travel, complex equipment installation at height, and
physical exertion creates fall hazard scenarios that standard fall protection training may not fully address.

Tower climbers must be competent in the use of personal fall arrest systems (PFAS) including full-body
harnesses, lanyards, self-retracting lifelines (SRLs), and vertical lifeline systems installed on towers. The
distinction between fall restraint (preventing the worker from reaching the fall hazard) and fall arrest
(stopping a fall in progress) is critical and not always well understood in the field. Falls that arrest from
200+ feet, while surviving the fall itself, may still result in suspension trauma (also called harness hang
syndrome), which can be fatal if the worker is not rescued quickly.

10.3 Electrical Hazards

Cell sites involve both the high-voltage AC electrical systems needed to power the site and the -48V DC
telecommunications power systems that run continuously regardless of whether the AC power is
energized. Workers performing electrical work at cell sites must be qualified to NFPA 70E electrical safety
standards, including assessment of arc flash hazards, proper use of personal protective equipment
(PPE), and lockout/tagout (LOTO) procedures for energy control.

A particular hazard at cell sites is radio frequency (RF) radiation exposure from active antennas. Working
near antennas that are transmitting — particularly on carriers' highest-power frequency bands — can
cause RF burns, tissue heating, and in extreme cases, cataract formation. Most carriers require that
transmitter power be reduced or interrupted (a 'power down' or 'de-energize' procedure) before workers
mount the tower and work near antennas. Failure to follow RF safety procedures is a significant liability
exposure for tower contractors.

10.4 Rigging and Material Handling Hazards

Installing antenna systems, radio equipment, and structural components at heights of 100 to 500 feet
requires sophisticated rigging operations. Tag lines, gin poles, block and tackle systems, and motorized
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hoists are used to lift equipment weighing hundreds of pounds to elevation. A dropped tool or component
from 200 feet has the kinetic energy of a bullet. Tower sites must be barricaded against unauthorized
access during rigging operations, and workers below must stay clear of all lift zones.

10.5 OSHA Regulatory Framework

Cell tower work is covered by OSHA's Construction Standards (29 CFR 1926) for new tower construction
and General Industry Standards (29 CFR 1910) for maintenance work. Key applicable standards include:
*  1926.502: Fall protection systems — requirements for guardrails, personal fall arrest systems,
positioning systems, and warning lines
* 1910.333/ 1926.400: Electrical safety and lockout/tagout requirements
*  1910.268: Telecommunications standards — specific requirements for climbing practices,
working on energized equipment, and RF radiation protection
* 1926.1400 series: Crane and derrick standards — applicable to crane-assisted tower erection
operations

OSHA has designated cell tower safety as a National Emphasis Program (NEP) based on the industry's
historically high fatality rate. Inspections of cell tower worksites are prioritized, and citations for fall
protection violations at tower sites have resulted in significant fines.
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Chapter 11: Insurance & Risk Management for Cell Tower
Contractors

11.1 Why Standard Insurance Doesn't Work

Most standard commercial insurance carriers — the companies that write business owners' policies,
general commercial GL, and standard workers' compensation — are simply not equipped to underwrite
cell tower contractor risks. The combination of extreme fall exposure, electrical hazards, high-value
electronic equipment, catastrophic loss potential (a tower collapse or major fire), and the specialized
nature of the work places cell tower contractors firmly in the surplus lines market.

Standard carriers who do attempt to write this class often impose severe exclusions — excluding work
above certain heights, excluding work on energized electrical systems, excluding RF radiation claims, or
imposing sub-limits that leave the contractor dangerously underinsured. The consequences of
inadequate insurance in this industry are not abstract: a single tower collapse, worker fatality, or network
outage lawsuit can generate claims that exceed the annual revenue of a mid-sized contractor.

11.2 Essential Coverage Lines for Cell Tower Contractors

Commercial General Liability (CGL)

CGL coverage for cell tower contractors must be written on forms that do not exclude work at height,
electrical work, RF exposure, or work on wireless telecommunications infrastructure. Limits of $1,000,000
per occurrence / $2,000,000 aggregate are the minimum for most carrier-required certificates of
insurance (COIls). Many large carriers (AT&T, Verizon, T-Mobile, American Tower) require umbrella limits
of $5,000,000 to $10,000,000+ for contractors working on their sites. The CGL policy must be written
without exclusions that void coverage for the contractor's actual scope of work.

Workers' Compensation and Employers' Liability

Workers' compensation is required in virtually every state for employers with even one employee. For
tower contractors, the classification of workers is critical — both for premium accuracy and for ensuring
proper coverage. Key workers' compensation classifications include:

+ WCIRB 9531 (CA) / NCCI 7601: Telephone or telegraph line construction or maintenance —
covers tower climbers and telecommunications installation work

+ NCCI 6204: Structural steel erection — covers tower erection crews performing structural steel
work

+ NCCI 7600: Telephone, telegraph, or data communications equipment installation

< NCCI 7605: Satellite, cellular, or wireless tower erection and maintenance

Workers' compensation experience modification (experience mod or X-Mod) is a critical factor in premium
pricing for established contractors. A poor safety record — measured through the X-Mod — can
dramatically increase premium costs and in some cases make coverage unavailable in the standard
market, pushing the contractor to more expensive surplus lines alternatives.

Commercial Auto

Cell tower contractors operate a variety of vehicles — pickup trucks, service vans, bucket trucks, cranes,
and heavy equipment. Commercial auto coverage must include adequate limits for all owned, hired, and
non-owned vehicles, with endorsements appropriate to the contractor's fleet. Crane and equipment
transport exposures should be specifically reviewed.
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Inland Marine / Tools and Equipment

The specialized tools and equipment carried by tower contractors — rigging equipment, gin poles, signal
analyzers, PIM testers, calibration equipment, and portable power systems — represent significant value
that standard commercial property policies may not adequately cover. An inland marine floater
specifically designed for telecommunications contractor equipment is essential.

Professional Liability / Errors and Omissions

As telecommunications contractors take on more complex work involving network commissioning, RF
optimization, and system integration, professional liability exposure grows. A misconfigured antenna that
causes a network sector outage, or an improperly torqued connector that degrades signal quality for
thousands of users, can generate substantial damages claims. Professional liability / E&O coverage
addresses claims arising from errors in the contractor's professional services.

Umbrella / Excess Liability

Given the catastrophic loss potential of cell tower work — a tower collapse, a fatal fall, a network outage
lawsuit from a carrier — umbrella coverage is not optional for any contractor of meaningful size. Umbrella
limits should reflect the contractor's exposure, the COI requirements of the carriers and tower companies
they work for, and the contractor's own risk tolerance. Limits of $5,000,000 to $25,000,000 are common
for established tower contractors.

11.3 Carrier COIl Requirements — What You Need to Know

Every major wireless carrier (AT&T, Verizon, T-Mobile) and tower company (American Tower, Crown
Castle, SBA Communications) publishes vendor insurance requirements that contractors must meet
before being permitted on their sites. These requirements are non-negotiable and must be reflected on
certificates of insurance with the carrier or tower company named as additional insured.

Common carrier-mandated requirements include:
* CGL: $1M per occurrence / $2M aggregate minimum; $5M-$10M when combined with umbrella
+  Workers' compensation: Statutory limits per applicable state
« Employers' liability: $1,000,000/$1,000,000/$1,000,000
« Commercial auto: $1,000,000 combined single limit
« Umbrella: $5,000,000 to $25,000,000 depending on carrier and scope of work
+ Additional insured endorsements: Carrier, tower company, and often their affiliates, subsidiaries,
and officers
»  Waiver of subrogation in favor of the carrier on workers' compensation

» 30-day notice of cancellation (10 days for non-payment)

Meeting these requirements with a single insurance program — particularly when working in multiple
states with varying regulatory requirements — is precisely the kind of complex placement that surplus
lines specialists like Crescenta Valley Insurance handle on a daily basis.

11.4 State Licensing and Bond Requirements

Cell tower contractors operating in multiple states must navigate a patchwork of state contractor licensing,
bond, and insurance requirements. Electrical contractors, in particular, face state-specific licensing
requirements that vary significantly. A contractor performing low-voltage DC power system work in
California faces different licensing requirements than the same work performed in Texas or Wyoming.
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Crescenta Valley Insurance is licensed in all nine states that represent the primary cell tower markets in
its service area: California, Texas, Oklahoma, Nevada, Alaska, Wyoming, New Mexico, North Dakota,
and Pennsylvania. Our expertise in each state's regulatory environment enables us to structure insurance
programs that satisfy both carrier COI requirements and state-specific compliance obligations.

11.5 The Surplus Lines Market — Why It Matters

Surplus lines insurance is coverage placed with insurers not licensed (admitted) in the state where the
risk is located, but authorized to write surplus lines business under each state's surplus lines laws.
Surplus lines carriers are not subject to the rate and form filing requirements that constrain admitted
carriers — giving them the flexibility to craft coverage for unusual, high-hazard, or complex risks that
admitted carriers decline.

For cell tower contractors, the surplus lines market is not a last resort — it is the appropriate market.
Lloyd's of London syndicates, domestic surplus lines carriers like Markel, Lexington Insurance (AlIG), and
Scottsdale Insurance, and specialty program carriers have developed underwriting expertise and policy
forms specifically for the telecommunications contractor risk profile. A contractor trying to force their cell
tower business into a standard admitted carrier is likely ending up with inadequate coverage, significant
exclusions, or premium pricing that doesn't reflect the actual risk.

Work With a Specialist

Crescenta Valley Insurance specializes exclusively in hard-to-place commercial risks
including cell tower contractors, communications electronics firms, and telecommunications
construction companies. We access surplus lines markets that standard brokers cannot
reach, and we understand the specific exposures, COI requirements, and workers'
compensation classification challenges that define this industry. Call Steve McClure: (818)
974-8117 | steve@cvins.com | fcisgroup.com
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Conclusion

The American cell tower industry stands at an inflection point unlike any in its history. The 5G buildout is
driving a once-in-a-generation wave of construction, upgrade, and densification activity across every
segment of the contractor ecosystem — from structural steel erection crews building new towers to
electronics technicians upgrading radio equipment, from power system specialists retrofitting sites for
higher energy loads to small cell installers threading fiber through urban streetscapes.

This activity creates opportunity — for contractors who have the skills, the workforce, the equipment, and
the insurance to pursue it. But it also amplifies risk. Working at height, with energized electrical systems,
on infrastructure that serves millions of people when it works and creates enormous liability when it
doesn't, is inherently dangerous work. The contractors who will thrive through this cycle are those who
take safety, compliance, and risk management as seriously as they take the technical work itself.

Insurance is not the last item on the checklist. It is the foundation on which a sustainable cell tower
contracting business is built. A single uninsured or underinsured catastrophic loss — a tower collapse, a
worker fatality, a network outage lawsuit — can end a company that took years to build. Conversely, a
properly structured insurance program from a specialist who understands this industry gives a contractor
the confidence to pursue larger projects, satisfy carrier COIl requirements without friction, and recover
from losses without losing the business.

Crescenta Valley Insurance is the specialist. We write cell tower construction, maintenance, electronics
installation, and low-voltage power system work in nine states. We access surplus lines markets that
general brokers cannot reach. We understand the WCIRB and NCCI classification system, carrier COI
requirements, and the specific policy form issues that define proper coverage for this class.

If you are a cell tower contractor, a communications electronics firm, a tower climber, a low-voltage power
systems specialist, or a small cell installer — and you want to know that your insurance program actually
covers you when you need it — contact us.

Steve McClure, CVI/ FCIS Group

(818) 974-8117 | steve@cvins.com | fcisgroup.com
CA License 0G58010 | Licensed: CA | TX | OK | NV | AK | WY | NM | ND | PA
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Disclaimer

This white paper is produced by Crescenta Valley Insurance (CVI), a licensed surplus lines commercial
insurance brokerage operating under the FCIS Group brand. It is intended for general educational and
informational purposes only. Nothing in this document constitutes legal advice, regulatory guidance,
engineering advice, or a representation of insurance coverage. All insurance coverages are subject to
the terms, conditions, exclusions, and limitations of the specific policies issued by the underwriting
insurer. Coverage may not be available in all states or for all risks.

Industry statistics, market data, and technical specifications contained in this white paper are drawn from
publicly available sources believed to be reliable as of the publication date (2025). The wireless
telecommunications industry is subject to rapid technological change and evolving regulatory
requirements. Information in this document may become outdated. Readers are advised to verify all
technical specifications, regulatory requirements, and insurance obligations with qualified professionals
before undertaking any construction, maintenance, or electrical work.

Workers' compensation classification codes (WCIRB and NCCI) referenced in this document are
provided for general informational purposes. Classification of workers for workers' compensation
purposes is determined by the applicable rating bureau and insurer based on the actual operations
performed. Misclassification of workers can result in coverage disputes, premium audits, and regulatory
penalties. Consult a licensed insurance professional for proper classification guidance.

Cell tower construction, maintenance, and electronics work involves significant occupational hazards
including risk of death from falls, electrical shock, and other causes. Nothing in this document constitutes
a safety plan, OSHA-compliant safety program, or substitute for proper training and supervision. All work
on cell towers and telecommunications infrastructure must be performed in accordance with applicable
OSHA standards, TIA standards, carrier safety requirements, and all applicable federal, state, and local
laws.

Crescenta Valley Insurance and FCIS Group are licensed insurance brokers, not underwriters. The
placement of coverage is subject to underwriter approval and is not guaranteed. Terms, conditions, and
availability of coverage may change without notice. Past availability of coverage does not guarantee
future availability.

For questions regarding coverage, licensing, or the specific requirements applicable to your operations,
contact Crescenta Valley Insurance at (818) 974-8117 or steve@cvins.com.
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