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ABSTRACT
This thesis seeks to answer the question: “Do investments in 5G wireless networks
produce sufficient returns for U.S. telecom companies?” through a real-options analysis of
investments in 5G and its uncertain payoffs. Sufficient returns constitute returns on invested
capital (ROIC) greater than the average weighted average cost of capital (WACC) of a U.S
telecom operator. The 5G network investment decision currently facing telecom operators will
be analyzed from strategic, financial, and operational perspectives. There is a significant gap in
the financial literature that pulls together this information in a way that intuitively accounts for
the disruptive nature of 5G network technologies. The creation of a real options framework
allows telecom operators to more clearly view their strategic investment decisions through an
intuitive, spreadsheet-based tool that bridges this gap in the financial literature.
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Chapter 1

Overview
This thesis seeks to answer the question: “Do investments in 5G wireless networks
produce sufficient returns for U.S. telecom companies?” through a real-options analysis of
investments in 5G and its uncertain payoffs. For this analysis, sufficient returns constitute returns
on capital greater than the average weighted average cost of capital (WACC) of a U.S telecom
operator. This investment decision being faced by executives of telecom operators will be
analyzed from strategic, financial, and operational perspectives. There is a significant gap in the
financial literature that pulls together this information in a way that intuitively accounts for the
disruptive nature of 5G technologies. The creation of a real options tool allows telecom operators
to more clearly view their strategic investment decisions through a framework that bridges this
gap in the financial literature.

Research Question and Hypothesis
Research Question: “Do investments in 5G technology produce sufficient returns for
U.S. telecom operators?”
Hypothesis: The bulk of the economic value of 5G is embedded within the optionality of
the assets (spectrum licenses and wireless infrastructure) that allow telecom operators to move
into new verticals such as the Internet of Things.
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A Brief Overview of Wireless Technologies (2G, 3G, 4G, 5G)
Wireless network technologies have seen significant improvements over the past four
decades. These improvements have provided a host of economic and social improvements. The
telecommunications industry is currently developing its fifth generation of wireless data network
technologies. Each evolution of the network has resulted in data speeds of approximately 100
times that of the previous generation. However, to achieve these speeds, telecom operators must
continuously invest in wireless spectrum and network infrastructure. Mobile device companies
similarly invest heavily in research and development to create devices that can exploit the speed
of the upgraded networks. Wireless network product lifecycles are approximately 10 years in
length. The typical wireless technology lifecycle begins with a “coverage phase” where the
operator seeks to maximize the amount of the population with access to the network. This
coverage phase is then followed by a “capacity phase” where the operator looks to meet
“increased capacity needs where the network is facing high utilization” (American Tower). The
below table summarizes the developments in wireless networks.
Table 1: Wireless Technology Evolution

Description

Speed

analog cellular system in the 1980’s

2 kpbs

2G

introduced digital technologies that used spectrum more

64 kpbs

(1990 – 2000)

efficiently so that it could serve more people and deliver

1G
(1980-1990)

more applications, such as text messages, helping us all
communicate

3

3G

improved communications by supporting even more diverse

(2000 – 2010)

applications, including mobile internet access, mobile

2 mbps

gaming, video calls, and streaming audio and video
4G

delivered even faster speeds, improving experiences for

(2010 -2020)

customers when using data-intensive applications, increasing

100 mbps

data upload and download speeds, and supporting HD
applications
5G

will support more diverse applications and more connections;

(2020 – 2030)

providing more capacity, lower latency, and increased speed.

100 gbps

5G will handle the exponential growth in demand for
capacity, connectivity, and capability – delivering a better,
faster experience for all
*Source: Cellular Telecommunications and Internet Association. “The Race to 5G.” CTIA.org, CTIA, 2018.

5G networks, a step-jump improvement over existing 4G LTE networks, will enable use cases
ranging from fixed wireless access (FWA) autonomous cars, healthcare, and broader industrial
Internet of Things (IoT) applications.
5G will likely force the continued evolution of operating models among telecom
operators. Two choices are presenting themselves: (1) develop a leading 5G network and focus
on developing the business case for fixed wireless access and Internet of Things applications, or
(2) invest in sufficient network infrastructure to deploy a traditional wireless network and
explore investments in tangential services (e.g. media content). The total value created from 5G
is finite. The recent strategies from telecom operators and cable operators reflect the zero-sum
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nature of the industry in this regard. Cable operators are setting up wireless businesses and
telecom operators are seeking to disrupt traditional wireline internet with fixed wireless access
offerings, despite potential attrition of their own wireline businesses. This convergence of
industries will have substantial competitive effects and disrupt profit pools between telecom
operators and cable operators (“Why the 5G Pessimists are Wrong”).
Recent investments in network infrastructure yielded lower than expected returns as
wireless service in the United States became marginalized and consumers’ willingness to pay for
faster / more service moderated. Instead, internet companies and device OEM’s have seen
superior returns offering products and services that use the wireless networks built by telecom
operators (Frisiani). However, many operators hope that they will see some incremental revenue
from faster connection speeds delivered by 5G. Verizon recently announced that they expect to
charge a premium of $10 per month for 5G service (Krouse).
Traditionally, the bottleneck in the telecommunications industry has been equipment
manufacturers. The lack of true 5G-compatable devices will similarly restrict adoption rates in
the early years. Both Verizon and AT&T plan to launch these devices on their networks in 2019
but longer product lifecycles for mobile handsets and higher prices will likely result in
consumers upgrading devices at slower rates compared to past generations of wireless service
(Kinney). 5G carriers must also to continue to purchase and deploy spectrum and network
infrastructure. The scale of these required spectrum and infrastructure purchases also implies that
compared to 3G and 4G, 5G will see slower adoption in the first few years of its commercial life
as the networks are deployed. Due to the required density of the 5G network telecom operators
and tower leasing companies must now negotiate with local governments to find suitable antenna

5

locations often times on top of street lights and telephone poles (“Across the U.S., 5G Runs Into
Local Resistance”).
While costs per megabit may decline with more efficient 5G networks, the technology
requires enormous capital investments to densify current LTE networks. Many are skeptical that
the investments will be profitable and peg cost estimates in the hundreds of billions (Kharif and
Mortiz). These critics believe that consumers will not pay increased prices for services already
offered by in-home WiFi networks. However, telecom operators are plowing ahead with
investments for three reasons: (1) high opportunity costs of not investing, (2) belief in new
revenue streams created by 5G, and (3) government pressure to ensure international
competitiveness. 53% of telecom industry executives expressed skepticism of the validity of the
business case for 5G investments. Bain & Company believes that despite the uncertainty of the
new revenue streams, 5G will deliver benefits to two existing use cases: (1) relieving congestion
on mobile networks and (2) displacing wired data connections. Verizon is doing exactly that.
Verizon’s trials of in-home broadband are an attempt to “disrupt fixed-line profit pools” (“Why
the 5G Pessimists are Wrong”).

Strategic and Operational Overview of the United States’ Telecom Industry
The telecom industry in the United States can be broken down into six archetypal
marketplace participants: (1) telecom operators, (2) a handset OEM’s, (3) network infrastructure
vendors, (4) tower-leasing REIT’s, (5) component OEM’s, and (6) regulators. This set of
industry interactions is described in the below table:
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Table 2: Marketplace Participants in the Telecom Industry

Description
(1) Telecom

Telecom operators are in the business of delivering wireless and wired

operators

service to consumers and businesses. Key players in the U.S. include
AT&T, Sprint, T-Mobile, and Verizon. Small rural operators are located
regionally and often have roaming agreements with one or more of the
major operators.

(2) Handset

Handset OEM’s manufacture devices that operate on the telecom

OEM’s

operators wireless and wired networks. In the past, these firms have been
the bottleneck in the deployment of upgraded wireless technologies. Key
players that sell devices in the United States are Apple and Samsung.

(3) Network

Network infrastructure vendors sell cellular antennas and other equipment

Infrastructure

to telecom operators. They purchase components (such as modems) from

Vendors

component OEM’s. Key players that sell network infrastructure are
Nokia, Ericsson, and Huawei.

(4) Tower-

Tower-leasing companies are real estate investment trusts (REIT’s) that

Leasing

own and maintain cellular towers. These companies lease space on these

Companies

towers to telecom operators to install network infrastructure. Key players
in the United States include: American Tower Corporation, Crown Castle,
and SBA Communications. Telecom operators have chosen to lease cell
tower space instead of building their own because of the cost benefits of
colocation (sharing a tower with other operator tenants) and time to
market advantages. Recently, major telecom operators have undergone
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tower monetization transactions with tower leasing companies. These
transactions involve the long-term lease of operator-owned tower sites to
tower leasing companies.
(5) Component

Component OEM’s develop and manufacture the technology (chips and

OEM’s

microprocessors) necessary to power both wireless handsets and network
infrastructure. Key players in the United States include Qualcomm and
Intel.

(6) Regulators

Regulators are responsible for two main tasks: (1) the auction of wireless
spectrum to telecom operators and (2) the development of wireless
standards for each generation of wireless technology. Federal
governments typically auction off wireless spectrum. The main
international industry regulator for wireless standards is the 3rd
Generation Partnership Project (3GPP) (“What Is 5G? | Everything You
Need to Know About 5G”).

Demand for mobile data historically increases by ~40% each year and is expected to be a
sustainable trend for the coming generation of wireless technologies (Deloitte U.S.). However, a
consumer’s willingness to pay for mobile data has stagnated. In fact, telecom operators have seen
their pricing power erode and average revenue per user (ARPU) decline over the past few years
due to the migration to unlimited data plans. On the other hand, equipment revenue grew since
operators no longer subsidize the purchase of mobile devices. These devices have also become
significantly more sophisticated and expensive. T-Mobile’s significant growth over this time
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period disrupted the pricing model of telecom operators. T-Mobile positions themselves as the
“Un-carrier” and led the way with unlimited contracts.
As a result of this competitive, oligopolistic market structure, the potential for revenue
growth in traditional wireless service is limited. Telecom operators fight for customers and hope
to avoid high customer churn (i.e. customers changing wireless providers). Churn, or customer
loss, is influenced by two main factors: price and wireless network quality. Churn often occurs
around two events. These events include significant improvements in wireless technologies and
the upgrade to a new device. As the U.S. market for handset OEM’s has matured, the average
commercial life of a wireless handset increased significantly. Apple recently decided to stop
reporting unit sales as a result of this market’s maturity (Mickle, Tripp). Wireless subscriber
volumes face limited growth prospects and industry-wide churns conditions have moderated
compared to past years (“T-Mobile 4Q and Full-Year 2018 Results”). Declining ARPU and
limited growth in subscriber volumes for the foreseeable future yield a market environment
where telecom operators face limited or declining growth opportunities of sufficient scale. These
growth constraints exist despite year-over-year increases in the demand for data provided by
wireless networks. When faced with limited growth opportunities, executives have typically two
options: expand into new markets or launch new products. Telecom operators are pursuing the
latter and seek new sources of growth in content and media, fixed wireless access, or Internet of
Things verticals.
The history of previous generations of wireless technologies shows that the upgrade to a
new generation is inevitable. Telecom operators must invest in the technology to avoid massive
opportunity costs of sitting on the sidelines. A report by McKinsey & Company posed this
strategic question when considering deploying 4G technologies: “When we build it, which
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spectrum auction and go-to-market strategies will capture the most value possible from 4G and
generate the greatest returns from these massive investments?” (Menard, et. al).
Effective capital allocation is significant advantage among telecom operators more so
than other industries (Basile, et. al). The capital investing decisions of telecom operators are of
an enormous magnitude that is similar to that of airlines and semiconductor manufacturers. Yet
these investments are much more heterogeneous and face greater commercial uncertainty. For
example, network investments face concerns about the validity of the investment due to high
capital expenditures, long project lives, and uncertainty about demand and commercialization
strategies (Bedacht, et. al). There are several investment decisions to be made regarding the
speed and strategy of telecom infrastructure upgrades and these options have very different
return profiles depending on spectrum and technology decisions (Grijpink, et. al).
Upgrades in cellular technologies result in capital efficiencies and create a cycle of
reinvestment in wireless networks. These improvements in capital efficiency generate savings by
lowering per unit costs of delivering wireless service (cost per megabyte). These savings are
plowed back into the operators’ network through spectrum purchases, network enhancements, or
paying down debt to have more financial flexibility for future strategic purchases. Telecom
operators has relatively low costs of capital which typically range from 5%-9% (Blum, et. al).
Spectrum is a finite resource controlled by sovereign governments. Governments decide
the allocation of spectrum between military and commercial uses. 5G network infrastructure will
consist of significantly more cellular antennas operating a lower bandwidth over much shorter
distances. This dense network configuration results in less latency and faster speeds. These
benefits are similar to the improvements customers experienced with the upgrade from 3G to 4G
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(Deloitte U.S.). However, the advent of new wireless technologies demands that wireless
operators compete fiercely for spectrum when it becomes available for auction.

T-Mobile / Sprint Acquisition
In April 2018, T-Mobile U.S. announced a deal to buy Sprint. The deal was valued at $26
billion and was financed entirely by equity (“T-Mobile Agrees to Buy Sprint in $26 Billion
Deal”). The WSJ remarks that it is the “third time in the last four years the two rivals have
attempted the combination” (FitzGerald, Drew, et al.). These repeated attempts to merge are
driven by structural market conditions in the U.S. telecom industry. The oligopolistic market is
dominated by Verizon and AT&T. Ironically, Verizon and AT&T both share a lineage back to
the original American Telephone and Telegraph Company after being split apart in 1984
(Pagliery). Now, the market has become increasingly more competitive. T-Mobile is largely to
credit for this competition by launching unlimited data plans and lowering prices – forcing
similar actions from AT&T and Verizon. Despite incredible growth over the last few years, TMobile still lags behind Verizon and AT&T in scale by almost 50%. This scale is favorable
economically for telecom operators as they are able to see lower unit costs (i.e. cost per mb) and
greater capital efficiencies.
Critics of the deal are concerned that the United States market for wireless service will
reduce competition and hurt consumers. The Department of Justice and Federal Communication
Commission are concerned about the combined firm’s ability to raise prices, especially for the
lowest tier of plans. John Legere, T-Mobile’s CEO recently sent a letter promising to keep rates
the same for three years post-close (Pressman).
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Proponents of the deal argue that the combined company will accomplish two objectives.
First, it will incentivize Verizon and AT&T to accelerate their 5G plans. Secondly, the new
market structure and resulting 5G infrastructure will enable the United States to be more
competitive globally on 5G deployment. More robust competition in the 5G network buildout
would be expected to create a higher level of service across the country. This better network
coverage can then drive productivity improvements for companies and consumers (“T-Mobile,
Sprint Bosses Defend Wireless Merger”).
While the T-Mobile / Sprint merger would likely incentivize heightened competition
among AT&T and Verizon, T-Mobile’s success over the past few years shows that it is already
able to compete with Verizon and AT&T. Verizon and AT&T are also currently competing for
the first mover advantage on 5G. However, analysis shows that the new T-Mobile’s spectrum
assets will be the “dominant spectrum holder across a majority of the nation” (“T-Mobile/Sprint
Would Be 'Dominant Spectrum Holder in Much of U.S.: Mosaik”). This new network capacity is
particularly important in rural areas where T-Mobile and Sprint historically haven’t had
sufficient low-band spectrum to compete with Verizon and AT&T (“T-Mobile/Sprint Merger
Would 'Significantly Improve' Ability to Compete in Rural Markets: Mosaik”).
Arguments that the merger will create a market with only three options for wireless
access are flawed and the fear of price increases is overblown. The market structure of wireless
service in the United States is evolving. 5G will offer speeds capable of delivering in-home
broadband. As a result, cable operators (Comcast and Charter) responded by offering cell-phone
service plans now that leverage their network of WiFi hotspots. The competitive effects of a
merger of T-Mobile and Sprint are likely a net positive. The bigger brand, unique portfolio of
spectrum assets, and cost efficiencies will create a true competitor to Verizon and AT&T. At the
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very least, due to this changing market structure, regulators’ concerns of diminished competition
should be minimal as cable operators fight back against wireless operators. The telecom industry
is at one of its most competitive moments in its history.
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Chapter 2
Review of Corporate Finance Valuation Techniques
Traditional NPV analysis does not provide sufficient flexibility for evaluating the
investment decision in 5G wireless networks. NPV analysis cannot incorporate a wider range of
strategic options (i.e. slow down, accelerate, or defer an investment) and treats a decision as
“now or never.” However, in light of uncertainty and flexibility in investment decisions a real
options analysis provides a useful tool to more clearly view investment decisions.
In 1973, Fischer Black and Myron Scholes define a financial option as “a security giving
the right to buy or sell an asset, subject to certain conditions, within a specified period of time”
(Black and Scholes 637). The authors put forth a theoretical valuation framework for financial
options. The Black-Scholes model assumes that “if options are correctly priced in the market, it
should not be possible to make sure profits by creating portfolios of long and short positions in
options and their underlying stocks.” This formula is the seminal work in valuing options and
continues to be applied four decades later.
In 1979, Octavio Tourinho’s PhD dissertation successfully values oil reserves while
incorporating the uncertainty of future oil prices. Tourinho applied the Black-Scholes option
valuation formula to calculate the value of the oil reserve. This paper is the first successful
academic application of Black-Scholes option pricing formula to a nonfinancial asset.
Additionally, the oil and gas industry saw particular value (as did the metals and mining
industries) in incorporating Tourinho’s analysis into capital budgeting decisions (Tourinho). This
value can be attributed to the high level of uncertainty of investment payoffs due to fluctuating
commodity prices in these industries.
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Also, in 1979, John Cox, Stephen Ross, and Mark Rubinstein published the paper:
“Option Pricing: A Simplified Approach.” The authors’ work “presents a simple discrete-time
model for valuing options” (Cox, et. al). This paper is the origins of the binomial tree option
pricing method which is very useful in the pricing of non-financial options. The binomial tree
methodology will be explained in greater detail in later chapters.
Avinash Dixit and Robert Pindyck published “Investment under Uncertainty” in 1994.
This work codified developments in the way investment decisions were being thought about at
the time. Dixit and Pindyck look at the value of an investment as the value of the project plus
option value over time (Dixit and Pindyck). This value equation has become known as
expanded-NPV or ENPV and will be referred to later on in this thesis.
In 1996, Lenos Trigeorgis published the most critical piece in the field of real options:
“Real Options: Managerial Flexibility and Strategy in Resource Allocation.” This work is the
first comprehensive piece of literature to value managerial flexibility in strategic decision
making (Trigeorgis). Trigeorgis is the leading scholar in the field of real options valuations and
his work translated an academic topic into an analysis that was feasible by companies.
In 1998, McKinsey & Company published a report titled “How much is flexibility
worth?’. This report builds upon Lenos Trigeorgis’s Real Option Theory and includes their 7S
framework which applies Trigeoris’s theory to corporate investment decisions: “A situation
where there are real options involves uncertainty about two things. One is the future; the other is
the ability of management to respond to what it learns as the picture gradually becomes clearer.
If management cannot respond in a material manner to new developments, the situation
represents a bet, not an option” (Copeland and Keenan).
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In 2003, Johnathan Mun authored a several books on real options with the aim of making
the practice of real options analysis feasible not only by academics and consultants but also by
corporate financial managers. He frames and explains the analysis behind several “real options
business cases:” option to abandon, option to expand, option to contract, option to contract, and
the option to choose. Accurate valuation of these options allows senior management to make the
correct decisions to meet their strategic objectives (Mun 95-199).
Paxson and Pinto “determine the optimal timing of 3G investment of one Portuguese
mobile company.” Their analysis incorporates game theory and analyzes the effects of moving
first in the Portuguese mobile market. Their analysis used the standard deviation of Ericsson and
Nokia as a proxy for investment volatility since they are suppliers of telecom equipment (Paxson
and Pinto). A similar approach to asset volatility will be used in this thesis.
Tahon, Colle, Verburgge, and Pickavet (2014) authored an article in IEEE detailing a
tutorial of applying real options in infrastructure projects. There are several methods that can be
used to capture the increased flexibility necessary in the telecommunications industry: Black
Scholes, Binomial Trees, and Monte Carlo simulations. A major output of their research applies
McKinsey’s 7S framework to the telecom industry (see Figure 1).

Figure 1: 7S Real Option Framework Applied to Telecom Investment Decisions
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Real Options Theory: Telecom Case Study

Authors Harmantzis and Tanguturi apply a real option valuation model to the decision to
invest in 3G telecom infrastructure. The specifically look at two options (1) the deferral of the
expansion from 2.5G to 3G (2) the expansion of 2.5 G networks using WiFi. Their key inputs
include infrastructure costs, numbers of subscribers, pricing of services, and risk/uncertainty.
They state: “In order for operators to gain markets, they need to exercise flexibility in investment
decision making, while taking into consideration uncertainty, which is inherent in high-tech
industries and modern capital-market economies” (Harmantzis and Tanguturi). For example, an
operator can choose a small-scale deployment test to initially gauge the market perception and
then either opt for large scale deployments (as encouraging information arrives from
economy/markets) or abandon the project (if the investment turns out to be bad).” Their model
shows that it is currently not profitable for a carrier to build a 3G network and should wait until
later into its 5-year license to build the network when more favorable conditions exist. While the
upgrade to 3G occurred almost a decade ago, this logic is applicable to the investment decisions
around 5G telecom infrastructure.
They also map telecom investment variables to the Black Scholes model in the below
table:
Table 3: Mapping Between Real Investment Opportunities and Financial Options
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Chapter 3
Methodology
Telecom operators must make three discrete decisions in the upgrade to 5G. These
include the Spectrum Decision, the Infrastructure Decision, and the Go-To-Market Decision.
Figure 2: Sample Telecom Operator Strategic Decision Tree

The potential avenues for a telecom operator to acquire wireless spectrum for network
enhancements can be further broken down into three categories: (1) purchase spectrum from
government auctions; (2) partner with another company that owns spectrum licenses, (3) buy
spectrum from other firms. While the United States’ government continues to auction off
spectrum in the coming years, telecom operators have been more frequently pursuing strategic
partnerships (e.g. AT&T and FirstNet) and acquiring smaller firms for the spectrum assets (e.g.
Verizon’s purchases of XO communications and StraightPath and T-Mobile’s acquisition of
Sprint). Telecom executives must value spectrum assets and determine which bands of spectrum
are most desirable.
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Telecom operators also must decide on the size and scale of the infrastructure investment
required to meet network performance goals. This decision reflects a high degree of complexity
in capital budgeting as operators must decide how to allocate resources between fiber
investments, 5G trials, and alleviating current network congestion in cities. Carriers are tending
to focus their current capital spending on additional fiber and densifying the current LTE
network with technology that can also be used with 5G spectrum. The deployment of true 5G
networks has been limited to pilots in a few cities.
As telecom operators think strategically about the commercialization plans for their
investments, there are three options: increasing pricing, increasing market share, or increasing
the market size. Telecom operators will likely have the ability to charge a small premium for
better wireless service. The market size for traditional wireless service in the U.S. is mature,
however, telecom operators can seek to expand into new verticals to capture value from their
spectrum and infrastructure investments.
Telecom operators have already made the decision to upgrade their networks and are
currently purchasing additional spectrum and repurposing old spectrum for 5G. AT&T has said
that 3G service will be discontinued within three years (“AT&T Gives 3G Service Three Years
to Live”).
A telecom operator’s spectrum licenses, create a right, but not an obligation, for a
telecom operator to proceed with 5G deployment. This analysis translates the strategic
considerations around the timing and scale of investments in 5G infrastructure of an average
market participant. For simplicity, Verizon was considered to be an average marketplace
participant in the U.S. wireless industry because of its market share and relatively limited
holdings of media assets compared to Sprint/T-Mobile and AT&T respectively. Telecom
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executives will select an investment pattern that maximizes returns over the useful life of their
network assets (spectrum licenses and wireless infrastructure). This flexibility in investing is
valuable and should be considered when deciding whether to invest in true 5G network
infrastructure. Accordingly, the real options analysis produces an expanded-NPV (“ENPV”)
equivalent to the status-quo valuation of the 5G investment project plus the option value of
pursuing nontraditional revenue streams. These nontraditional revenue streams (such as Internet
of Things and fixed wireless access) represent the expansion option embedded in the network
assets of telecom operators. The treatment of these new verticals as an expansion option presents
an intuitive way for telecom operators to begin thinking about commercialization plans. The
purchase of additional spectrum, increased capital expenditures, acquisitions, or research and
development should be considered from a perspective that accounts for the adjusted value of the
5G investment project. This analysis calculates the expected returns from a telecom operator’s
investment in upgrading their network and pursuing an expansion option consisting of new
verticals.
The price of a real option depends upon six main inputs: “the expenditure required to
acquire the assets, the present value of the assets, the time to expiration, riskiness of the
underlying assets, and the time value of money” (Harmantzis and Tanguturi). In order to value
the expansion option, an expansion factor is also needed. A binomial tree model calculates the
option value after these inputs are calculated.
Beginning with the expenditure to acquire the assets, these costs were broken down into
two components: capital expenses and wireless spectrum licenses. For fiscal years 2015 – 2017
(2018 not yet available), capital expenditures for the wireless operating segments were
aggregated and normalized as a percent of wireless revenue. Acquisitions of wireless licenses as
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reported in Verizon’s 2017 10-K were normalized due to the irregular frequency of government
auctions. However, this number is not truly representative of Verizon’s spending on wireless
licenses. Telecom operators acquire other firms for their spectrum assets. Verizon’s acquisition
of XO Communications is an example of this type of corporate activity, and all related
acquisitions should be included in a normalized cost for wireless licenses (“2017 Annual
Report”). Due to telecom operators repeatedly stating that capital intensity ratios are expected to
remain stable on recent earnings calls, a normalized capital intensity ratio of 16.33% of wireless
revenue (including acquisitions) will be used (“3Q 2018 Quarter Earnings Conference Call
Webcast”). However, some capital expenses are intended to see immediate network
improvements and are not related to the deployment of 5G. As a result, 1/3 of capital expenses in
each year are attributed to current network enhancements. The standalone capital expense for the
deployment of a 5G network equal $88.82 B over the period from 2019 – 2028.
These capital spending numbers represent the level of spending required to deploy a 5G
wireless network. However, the level of marginal investment to execute the option is far lower.
The 5G investment decision is of a compound nature where an operator will make minimal
investments in new verticals while waiting to see how the technology, demand, and commercial
feasibility evolve. Therefore, these marginal costs required to execute the option were separated
into two phases. The first phase occurs from 2019 – 2022 and contains two components: R&D
expenses and IoT-related acquisitions. 5G presents the opportunity for telecom operators to
develop use cases for various industrial applications, and there are research and development
expenses associated with developing these use cases. For example, Verizon has set up “5G labs”
to test the potential industrial use cases (“5G Labs - Ushering in the 5G Network Ecosystem”).
Verizon does not disclose its annual R&D spending. A R&D:Sales ratio of 1% was assumed.
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Secondly, Verizon has acquired two IoT-related companies in the last year for an average
acquisition cost of $1.7 B. These acquisitions are critical for Verizon to begin building sufficient
scale and capabilities in the event it decides to execute the expansion option. The second phase
of option costs occurs from 2023-2028. This phase sees continued R&D expenses and IoTrelated acquisitions as use cases become more sophisticated and profitable, but also sees an
increased level of capital spending necessary to provide services to IoT and FWA customers.
The commercial nature of these partnerships is still to be determined, but it is safe to assume that
not all of the revenue from a use case will be attributed to the telecom operator. These additional
capital expenses were valued at 25% of the standalone capital spending in a given period. The
below table summarizes the segmentation of these capital expenses.
Table 4: Segmentation of Capital Costs (2019 - 2028)

Standalone 5G Deployment (2019 - 2028)
Normalized wireless capital expenses
Normalized spectrum costs (including XO
and StraightPath acq.)

$ 88.82
*numbers in billions

Expansion Option Phase 1 (2019 - 2022)
R&D expenses
Normalized acquisition costs of IoTrelated companies

$ 9.23

Expansion Option Phase 2 (2023 - 2028)
R&D expenses
Normalized acquisition costs of IoTrelated companies
Incremental capital expenses to
execute option
$ 29.23

The present value of the assets needed to create and maintain a 5G network is equal to the
expected profits discounted at an appropriate rate for the riskiness of the assets. This appropriate
discount rate would be that of Verizon’s wireless division. However, for simplicity,
Damodaran’s sector WACC for the wireless telecommunications sector was used and equals
6.57% (Damodaran). This is likely too high because a number of international firms are included
to make the sample size more robust. International firms tend to have higher WACC due to
higher market risk premiums (which lead to higher costs of equity). Verizon reported an
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EBITDA margin of 44.1% and this margin was used to calculate operating expenses from the
model of expected revenue (“2017 Annual Report”). The total value from a wireless network is
equal to service revenue plus recurring device payment plan billings and consists of both prepaid
and postpaid accounts (“2017 Annual Report”). To calculate total revenue from postpaid
accounts, the number of postpaid accounts was multiplied by Verizon’s disclosed ARPA and
annualized to get yearly inputs (average revenue per account plus device payments). ARPA
numbers for postpaid accounts were not disclosed but were solved for using 2017 data. For the
years 2015-2017, prepaid ARPA was equal to $74/mo, $80/mo, and $82/mo respectively.
However, with the majority of devices connected to wireless networks currently being 4G
LTE devices, the rate of consumer adoption of 5G networks needs to be considered. An adoption
curve of the percentage of devices on 5G was created and is shown below. The adoption of 5G
will follow an S-Curve as seen with the deployment of 3G networks but will see slower user
adoption in the early years compared to 4G (American Tower Corporation 6). For each year over
the investment horizon, revenue attributable to 5G was calculated by multiplying the percent
share of 5G devices by the total value of wireless service. Recent estimates suggest that in 2023,
the total amount of 5G devices shipped will only be slightly above 25% of total handset
shipments (Martin, et al.).
Figure 3: 5G Adoption Curve
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The typical lifespan of a wireless network generation is ten years and this was used as the
investment horizon beginning in 2019.
As a proxy for the volatility of 5G network infrastructure, a simple average of the
volatilities of network equipment manufacturers Ericson and Nokia was used. First, the daily
returns of Nokia and Ericson were calculated over the most recent ten-year period and then used
to find the Exponentially Weighted Moving Average (EWMA) Volatility of those returns. This
method for calculating volatility places more weight on recent observations and accounts for the
autocorrelation of equity returns (i.e. calm returns precede calm returns). This method was
appropriate instead of a simple average volatility measure because telecom infrastructure has
been evolving and as a result the volatility of telecom assets in the past is not necessarily
indicative of those asset’s future volatility.
The binomial option pricing model consists of two lattices each consisting of ten steps.
The first lattice is the lattice of the underlying asset and the second lattice is the option lattice.
The process of deriving the option value begins with the standalone asset lattice. The standalone
NPV calculation is the first node in the standalone lattice. This value is then multiplied by an upfactor or a down-factor depending on the node. The up-factor is calculated by raising the natural
exponent, e, to the product of the volatility and square root of the stepping time. The down-factor
is calculated the same way as the up-factor but uses a negative volatility, reflecting the potential
occurrence of negative news at each step.
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Table 5: Binomial Option Model Equations

(1) 𝑢𝑝 = 𝑒 𝑣𝑜𝑙∗√𝑑𝑡
(2) 𝑑𝑜𝑤𝑛 = 𝑒 −𝑣𝑜𝑙∗√𝑑𝑡
(3) 𝑑𝑡 =

𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦
⁄# 𝑜𝑓 𝑙𝑎𝑡𝑡𝑖𝑐𝑒 𝑠𝑡𝑒𝑝𝑠

(4) 𝑅. 𝑁. 𝑃. = 𝑒 (𝑟𝑓−𝑑𝑖𝑣)∗𝑑𝑡 − 𝑑𝑜𝑤𝑛⁄𝑢𝑝 − 𝑑𝑜𝑤𝑛
(5) Option Valuei,10 = MAX (Standalone Valuei,10 * ExpansionFactori,10-Cost, Standalone

Valuei,10)
(6) Option Valuei,j = MAX(Standalone Valuei,j*ExpansionFactori,j-

Cost,(RNP*OptionValuei+1,j+1+(1-RNP)* OptionValuei-1,j-1)*EXP(-rf*dt))
(7) Expansion Factor = (Standalone Asset Valueij + FWA/IoT Opportunity Value
ij)/Standalone

Valueij

(8) Decision Treei,10 = IF(OptionValuei,10=Standalone Valuei,10*ExpansionFactori,10-Costij,

"Expand", "Abandon")
(9) Decision Treei,j = IF(OptionValuei,j=Standalone Valuei,j*ExpansionFactori,j-Costij,

"Expand", "Continue")

The stepping time is an intermediate calculation to allow for larger number of steps to
occur. In theory, the results of the binomial lattices will converge with the Black-Scholes-Merton
solution at very large numbers.
Once the underlying asset lattice is solved, the option lattice can be derived through
backwards induction. At the terminal nodes of the option lattice, each node is equal to the
optimal (maximum) value when comparing the expansion option value (asset value at node *
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expansion factor – cost) and the standalone value of the asset. This effectively provides
information as to whether or not the option should be exercised under the given conditions at any
terminal node. At each of the terminal nodes at step 10, the option will be executed if the value
of the option is equal to the product of the standalone value and expansion factor at that node less
the cost of executing the option. The intermediate nodes are calculated in a similar way, but
instead of comparing the expansion option value at that node to the stand-alone lattice, the
expansion option is compared to an expected state of future option values. This is calculated by
multiplying the two immediate adjacent nodes by risk-neutral probabilities and then discounted
that expected value at the appropriate risk-free rate (accounting for stepping time and continuous
compounding). There is no need to discount at a premium to the risk-free rate because this
riskiness is already accounted for in the lattice steps with the up and down factors. The risk
neutral probability has no meaning on its own, it is simply an intermediate calculation. It does
not represent the actual probability of an upward or downward movement at any node. Nodes in
the option lattice are solved from right-to-left until arriving at the initial node. The value of the
option is equal to the initial node of the option lattice.
The expansion factor is equal to the value of the expansion opportunity divided by the
value of the status-quo 5G network. Estimates of the IoT and FWA opportunity were used to
calculate an expansion factor of 1.89. This expansion factors is a directional estimate of the
potential for telecom operators to see profits from additional revenue streams and represents the
incremental revenue that may be attributed to 5G use cases such as fixed wireless access and
Internet of Things. There is non-trivial uncertainty in this calculation. An approximate value for
the expected market size of IoT services telecom operators can expect to see was “reversedengineered” from two publicly available reports issued by consulting firm Bain & Company. For
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simplicity, the fixed wireless access was assumed to be half the size of the IoT market from
2019-2028. According to a report by Dr. Anna-Maria Kovacs and the Georgetown Center for
Business and Public Policy, Verizon’s 2018 market share equals 34.4% (Kovacs). Therefore,
Verizon’s total expected value of IoT and FWA profts from 2019 – 2028 equals $69.2 Billion.
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Chapter 4
Analysis Output
Table 6: Analysis Output and Sensitivity Analyses

$$ Value
ROIC

Standalone 5G Deployment
$ 77.97
6.50%

Lattice Results
Annual Revenue
% of 2018 Revenue
Count of Expand

$ 138.9
$ 19.38
24.39%
12

% ∆ in Expansion Factor
-30%
-20%
-10%
0%
10%
20%
30%

*all numbers in billions

ENPV ROIC
8.96%
9.48%
9.98%
10.46%
10.92%
11.37%
11.80%

Executing Expansion Option (ENPV)
$ 216.87
10.46%

% ∆ in Standalone Capex
-30%
-20%
-10%
0%
10%
20%
30%

ENPV ROIC
12.18%
11.54%
10.97%
10.46%
10.00%
9.57%
9.19%

Table 7: Decision Tree of 5G Expansion Option
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Year
Step
2018
0
Decision Lattice

C

2019
1

C
C

2020
2

C
C
C

Key:
C = Continue E = Expand

2021
3

C
C
C
C

A = Abandon

2022
4

E
E
E
E
E

2023
5

C
C
C
C
C
C

2024
6

C
C
C
C
C
C
C

2025
7

C
C
C
C
C
C
C
C

2026
8

C
C
C
C
C
C
C
C
C

2027
9

C

C

C

C

C

C

C

C

C

C

2028
10

E

E

E

E

E

E

E

A

A

A

A
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Conclusion and Key Insights
This thesis sought to answer the question “Do investments in 5G technology deliver
sufficient returns for telecom operators?” The answer is “Maybe.” Standalone 5G wireless
service will likely be marginally value-creating or marginally value-destroying for telecom
operators over the next 10 years (expected annual returns of 6.50% versus WACC’s of 6.57%).
These returns could vary significantly given uncertainties in consumer adoption of 5G devices.
An acceleration of consumer adoption could see these returns shift substantially higher.

Figure 4: Expected Annualized Returns (2019 -2028)

By executing the 5G expansion option telecom operators stand to see 3.95% in marginal
expected returns annually above and beyond the investment in traditional 5G networks. The
decision tree shows that the economics of the 5G expansion option results unequivocally in an
“Expand” decision at the first decision point. Mechanically, this occurs because the costs used to
price the option switch from Phase 1 to Phase 2. Intuitively, this point represents telecom
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operators deciding to pursue IoT and FWA use cases because the future economics of the project
look promising. At the terminal nodes in 2028, several of the lower nodes have evolved to a
point where the economics of executing the option result in an abandonment of the project.
The current strategic implications for telecom operators are very clear: focus on
improving network coverage and capacity, albeit in a cost effective way, to compete in a highly
competitive market for wireless customers while investing sufficiently to keep the 5G expansion
option open. Telecom operators should continue the work of developing the business case for
industrial applications of 5G wireless service. In a similar vein, the above sensitivity analyses
also show that there is significant benefit to both thinking deliberately about the
commercialization plans of the 5G expansion option and how to contain costs when deploying
5G networks. Markets will eventually demand that the 5G expansion is executed. Operators that
do the upfront work around commercial and cost-containment strategies stand the best chance to
be the first-mover in this field. This analysis ultimately shows that investment required to keep
the ability to execute the expansion option open is sufficiently valuable.
The expansion into fixed wireless access and the industrial Internet of Things
applications is an opportunity telecom operators will never see again. It offers the opportunity to
radically change business models and return profiles. The 5G expansion option could enable
telecom operators to capture returns significantly in excess of business-as-usual wireless service.
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Chapter 5
Additional Questions, Considerations, and Next Steps
In light of the T-Mobile acquisition, an interesting analysis would to be look at the
Herfindahl index of the United States wireless industry under three states. The first state is the
current status quo marketplace participants – four wireless carriers and a few very small regional
carriers. The second state considers the same marketplace participants as the first state but under
the assumption the T-Mobile and Sprint merger is approved. The third state considers a set of
marketplace participants where the T-Mobile and Sprint merger occurs and also includes cable
companies who push into wireless service. Evaluating the differences in market concentration
between these three states is necessary for regulators to understand the “new T-Mobile’s” ability
to raise prices.
Certain market events can trigger a reevaluation of the option (Copeland and Tufano).
For example, if a competitor were to make a very large acquisition in an Internet of Things
company, demand for 5G services evolved faster/slower than expected, or the pricing power of
telecom operators substantially changes, it is necessary to reevaluate the option under these new
realities.
Aside from improving inputs to the model, of which there are plenty of inputs where
insiders have a tremendous information advantage, the logical continuation of this analysis is to
conduct an “Option Game” experiment (Ferreira, Nelson, et al.). Option games are particularly
relevant in this situation due to the competition between the four telecom operators in the United
States and the capital intensive nature of upgrades to wireless network infrastructure. This
analysis would enable a telecom operator to see the effects of moving first on the expansion
option into IoT and FWA.
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This analysis could be modified to use a product lifecycle of 15 years. Historically,
generations of wireless technology have taken approximately 15 years, but 5G may very well be
a longer product lifecycle due to its increased complexity.
Additionally, a stochastic analysis of the real options model would be particularly
valuable. Running simulations of the adoption curve would be enlightening and help eliminate
uncertainty in that parameter.
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Appendix A: Verizon Financial Statement Analysis
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$
$

$
$

CAGR
1.22%
1.34%
-1.07%
3.75%

$
$

2018 (base year)

1,570.28
2,117.97
1.03%
73,981,292,991
5,487,260,347
79,468,553,337.36

34,930,337

-0.31%
1.65%
-3.77%
0.13%
1.71%
-0.18%
2.64%
0.01%

11,091,666,667
2,482,000,000
13.57%
4,886,333,333

$
$

2017
116,257,000
110,854,000
5,403,000
989
82
35,404,000
3.13
1,631.88
1,995.36
1.01%
70,643,725,440
5,345,920,480
75,989,645,920

-4.20% $
1.88% $
-4.20%
-25.07% $

30,780,000,000
8.70%

$
$
$
10,310,000,000
2,669,500,000
13.57%
4,183,000,000

-0.51% $

Wireline Revenue
5G Capex (50%) as Percent of Wired Revenue

$

$
$
$

2015
112,108,000
106,528,000
5,580,000
886
74
35,736,000
2.98
1,831.56
1,987.56
0.96%
71,027,444,160
4,943,371,840
75,970,816,000
11,240,000,000 $
2,252,000,000 $
14.69%
534,000,000 $

30,680,000,000
8.70%

2016
114,243,000
108,796,000
5,447,000
965
80
35,410,000
3.07
1,731.84
2,012.40
1.01%
71,259,084,000
5,255,545,600
76,514,629,600

11,725,000,000 $
2,524,500,000 $
15.43%
9,942,000,000 $

30,510,000,000 $
7.38%

1,700,000,000
$

$
$
$

31,150,000,000 $
8.10%

28.06%

$

$
$
$

$
Capital Investment (Wireless)
$
Capital Investment (Wired)
As % of postpaid revenue
Wireless Licenses (Including Wireless-Related Acq.) $

Verizon
Retail Connections
Retail Postpaid Connections
Retail Prepaid Connections
Prepaid ARPA *Implied
Per month
Retail PostPaid Accounts
Connections per account
Retail Postpaid ARPA
Retail Postpaid I-ARPA
Postpaid Churn %
Postpaid Revenue
Prepaid Revenue
Total Value from Wireless Service

$

714,285,714 $

1,500,000,000
50%
900,000,000
6.57%

1,000,000,000 $
40%
2,500,000,000 $

IoT Service Revenue
YoY Growth
IoT-Related Acquisition Costs
TelCo WACC

Acquistions
*2017: Telelogis (IoT-related), XO (wireless-related), StraightPath (wireless-related)
*2016: Fleetmatics (IoT-related)
Source:
Verizon Wireless Investor Relations. “2017 Annual Report”. Verizon Wireless, 2018.
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Appendix B: 5G Adoption Model

2020
$ 82.68
15%
$ 12.4
$ 6.93
$ 5.47
$ 4.16
$ 3.75

2021
13.57%
$ 11.44
$ 5.34
$ 9.5
$ 88.82

2021
$ 84.33
20%
$ 16.87
$ 9.43
$ 7.44
$ 5.65
$ 4.85

2022
13.57%
$ 11.67
$ 5.5
$ 9.23

2022
$ 86.02
25%
$ 21.5
$ 12.02
$ 9.48
$ 7.21
$ 5.87

2023
$ .88
$ 1.88
$ 2.98

2023
13.57%
$ 11.9
$ 5.66
$ 8.98

2023
$ 87.74
30%
$ 26.32
$ 14.71
$ 11.61
$ 8.82
$ 6.83

$ 4.3

2024
$ .89
$ 1.91
$ 3.04

2024
14%
$ 12.14
$ 5.83
$ 8.73

2024
$ 89.49
40%
$ 35.8
$ 20.01
$ 15.79
$ 12.
$ 8.83

$ 4.17

2025
$ .91
$ 1.95
$ 3.1

2025
13.57%
$ 12.39
$ 6.01
$ 8.49

2025
$ 91.28
55%
$ 50.21
$ 28.07
$ 22.14
$ 16.83
$ 11.76

$ 4.04

2026
$ .93
$ 1.99
$ 3.16

2026
13.57%
$ 12.63
$ 6.19
$ 8.25

2026
$ 93.11
60%
$ 55.87
$ 31.23
$ 24.64
$ 18.72
$ 12.43

$ 3.91

2027
$ .95
$ 2.03
$ 3.22

2027
13.57%
$ 12.89
$ 6.38
$ 8.02

2027
$ 94.97
58%
$ 55.08
$ 30.79
$ 24.29
$ 18.46
$ 11.65

$ 3.79

2028
$ .97
$ 2.07
$ 3.29

2028
13.57%
$ 13.14
$ 6.57
$ 7.8

2028
$ 96.87
55%
$ 53.28
$ 29.78
$ 23.5
$ 17.86
$ 10.71

2018
$ 79.47
0%

2019
$ 81.06
5%
$ 4.05
$ 2.27
$ 1.79
$ 1.36
$ 1.29

2020
13.57%
$ 11.22
$ 5.18
$ 9.77
CAPEX SEN

$ 4.44

-

2019
13.57%
$ 11.
$ 5.03
$ 10.05

2022
$ .86
$ 1.84
$ 2.92
$ 2.2
$ 4.58

$ 77.97
2018
13.57%
$ 10.78
$ 4.89
$ 10.34
$ 88.82

2019
2020
2021
$ .81
$ .83
$ .84
$ 1.73
$ 1.77
$ 1.8
$ 2.75
$ 2.8
$ 2.86
$ 2.42
$ 2.34
$ 2.27
$ 5.03
$ 4.87
$ 4.72
Phase 1 Options Costs$ 9.23
Phase 2 Options Costs
$ 29.23

$
$
$
$
$

Capital Intensity Ratio (CAPEX / Revenue)
Capital Expenses (as percent of sales)
Licenses (including XO and StraightPath acq.)
PV Capital Spending Attributable to 5G Wireless Service (2/3)
NPV 5G Standalone Capex

2018
$ .79
$ 1.7
$ 2.7
$ 2.49
$ 5.19
$ 9.23
$ 29.23

Standalone 5G Rollout
Revenue from Postpaid Wireless Service
% of devices on 5G
5G Wireless Service Value (postpaid revenue * 5G share)
Operating Expenses
Net Income
Net Profit After Taxes
PV Incremental Revenue Attributable to 5G
NPV Incremental Revenue Attributable to 5G

Expansion Option
R&D Expenses (1% of rev)
IoT-Related Normalized Acquisition Costs
Incremental Wireless Capital Expenses
Phase 1 Option Costs
Phase 2 Option Costs
NPV Phase 1 Option Costs
NPV Phase 2 Option Costs

*All numbers in billions

Appendix C: Asset and Option Lattices
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Current Capital Intensity Ratio
Peak Capital Intensity (2024)
Operating Margins
IoT CAPEX Acceleration %
Option Cost Scale

13.6%
13.6%
44.1%
25.0%
0.0%

Controls
Wireless Value Growth Rate
TelCo WACC
Spectrum Spend Growth Rate
IoT Acquisition Cost Growth Rate

2.0%
5.3%
3.0%
2.0%

Wired Capital Intensity
Peak Capital Intensity
Wireline Growth Rate
Tax Rate

8.7%
10.0%
2.0%
24.0%

42
Year
Step

2018
0

2019
1

$ 108.07

2020
2

$ 40.59

$ 77.97

$ 149.78

5G standalone value lattice
*all numbers in billions
0
Standalone Asset Value Factor

$ 77.97
$ 56.26

2021
3

$ 207.6
$ 108.07
$ 56.26
$ 29.28

2022
4

$ 287.74
$ 149.78
$ 77.97
$ 40.59
$ 21.13

2023
5

$ 398.81
$ 207.6
$ 108.07
$ 56.26
$ 29.28
$ 15.24

2024
6

$ 552.75
$ 287.74
$ 149.78
$ 77.97
$ 40.59
$ 21.13
$ 11.

2025
7

$ 766.11
$ 398.81
$ 207.6
$ 108.07
$ 56.26
$ 29.28
$ 15.24
$ 7.94

2026
8

$ 1061.83
$ 552.75
$ 287.74
$ 149.78
$ 77.97
$ 40.59
$ 21.13
$ 11.
$ 5.73

2027
9

$ 1471.71
$ 766.11
$ 398.81
$ 207.6
$ 108.07
$ 56.26
$ 29.28
$ 15.24
$ 7.94
$ 4.13

2028
10

$ 2039.79

$ 1061.83

$ 552.75

$ 287.74

$ 149.78

$ 77.97

$ 40.59

$ 21.13

$ 11.

$ 5.73

$ 2.98

43
Year
Step

2018
0

2019
1

$ 195.47

Option Lattice
*all numbers in billions

$ 138.9
$ 97.68

2020
2

$ 273.97
$ 138.43
$ 67.87

2021
3

$ 382.86
$ 194.99
$ 97.2
$ 46.29

2022
4

$ 533.86
$ 273.48
$ 137.94
$ 67.38
$ 30.65

2023
5

$ 727.25
$ 366.37
$ 178.92
$ 83.26
$ 37.1
$ 16.69

2024
6

$ 1017.1
$ 516.91
$ 256.53
$ 121.78
$ 54.61
$ 24.03
$ 11.27

2025
7

$ 1419.09
$ 725.81
$ 364.93
$ 177.06
$ 80.78
$ 35.04
$ 15.86
$ 7.94

2026
8

$ 1976.5
$ 1015.62
$ 515.43
$ 255.05
$ 119.5
$ 51.83
$ 22.5
$ 11.
$ 5.73

2027
9

$ 2749.35
$ 1417.56
$ 724.29
$ 363.4
$ 175.54
$ 77.75
$ 32.33
$ 15.24
$ 7.94
$ 4.13

2028
10

$ 3820.79

$ 1974.94

$ 1014.06

$ 513.86

$ 253.48

$ 117.94

$ 47.38

$ 21.13

$ 11.

$ 5.73

$ 2.98

Appendix D: Expansion Factor Estimate
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IoT TelCo Operator Profits
PV
NPV IoT TelCo Operator Profits
VZ Expected IoT profits (2019-2028)
*market share weighted

CAGR (2015-2020)
Annual Growth Rate (2015-2020)
TelCo WACC
FWA Estimate (1/2 of IoT)
VZ Expected FWA profits (2019-2028)
*market share weighted

$

2015
$ 10.41
$ 134.1
$ 46.13

$

2016
$ 11.2
-

2015 -2020 2020-2028
20.044%
31.31%
7.05%
7.047%
6.57%
6.57%
$ 67
$ 23.07

1.89

Total Expected Expansion Opportunity (VZ)$ 69.2
% of 5G wireless value
88.75%
Expansion Factor

$

2017
$ 12.05
-

2018
$ 12.96
$ 12.96

2019
$ 13.94
$ 13.08

2020
$ 15
$ 13.21

2021
$ 16.06
$ 13.27

2022
$ 17.19
$ 13.33

2023
$ 18.4
$ 13.39

2024
$ 19.7
$ 13.45

2025
$ 21.08
$ 13.51

2026
$ 22.57
$ 13.57

Sources:
Bosche, Ann, et al. “How Providers Can Succeed in the Internet of Things.” Bain.com, Bain & Company, 28 August 2016, www.bain.com/insights/telcos-competitive-advantage-in-the-internet-of-things/.

2027
$ 24.16
$ 13.63

2028
$ 25.86
$ 13.69

Blum, Herbert, et al. “Close to the Core: Telcos' Competitive Advantage in the Internet of Things.” Bain.com, Bain & Company, 19 June 2018, www.bain.com/insights/telcos-competitive-advantage-in-the-internet-of-things/.

*All numbers in billions
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Appendix E: EWMA Volatility Measurements of Selected Telecom Companies
Weight
ERIC
NOK

EWMA Volatility
0.5
34.92%
0.5
30.37%
Underlying Asset Volatility
32.64%

