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Introduction

A. Quialifications

I am a Professor of Economics, Business and Public Policy in the McDonough School of
Business at Georgetown University. | am also the Executive Director of the Georgetown
Center for Business and Public Policy. | previously served as Dean of the McDonough
School at Georgetown University. My business address is Georgetown University,
McDonough School of Business, 37th and O Streets, N.W., Washington, D.C., 20057.

I hold a Ph.D. in economics from Washington University in St. Louis (1982), with a
principal field of concentration in industrial organization, which includes the analysis of
antitrust and regulation. I also hold both an A.M. (Washington University in St. Louis,
1979) and a B.A. (Hendrix College, Conway, Arkansas, 1977) in economics. | have served
as a Visiting Scholar at the University of California, Berkeley and Stanford University. |
have taught both undergraduate and graduate economics, business and public policy
courses at Georgetown University, Washington University, the University of Tennessee,

Virginia Tech and the University of Basel (Switzerland).

I have authored numerous peer-reviewed articles, research monographs and a number of
specialized articles in industrial organization economics, both generally in antitrust and
regulation and specifically in the area of the economics of telecommunications regulation.
These have appeared in academic journals such as the RAND Journal of Economics,
Journal of Law and Economics, Journal of Industrial Economics, International Journal of
Industrial Organization, Review of Network Economics, Review of Industrial
Organization, Journal of Regulatory Economics and the Yale Journal on Regulation. |
have also written a comprehensive textbook entitled Government and Business: The
Economics of Antitrust and Regulation. In addition, | have served as President of the
Transportation and Public Utilities Group and am currently serving in editorial capacities
for the Journal of Regulatory Economics, Economic Inquiry and the Review of Industrial

Organization.

Additionally, | have been an economic advisor for, and consultant to, both public agencies

and private companies, including the Antitrust Division of the United States Department



of Justice, the Federal Trade Commission, AT&T, Sprint, UPS and AmerenUE. A more
detailed accounting of my education, publications, prior depositions and expert testimony,

and my employment history is contained in Exhibit 1.
B. Assignment

5. In November 2017, the Federal Communications Commission (hereafter, “the
Commission”) issued a Fourth Report and Order, Order on Reconsideration, Memorandum
Opinion and Order, Notice of Proposed Rulemaking and Notice of Inquiry. In the Notice
of Proposed Rulemaking portion of this document, (hereafter, the “NPRM”) the
Commission proposed to limit Lifeline support to facilities-based broadband service
provided to qualifying low-income consumers. | have been asked by CTIA to provide an
assessment of the economic merits of this proposal.

C. Summary of Findings

6. The NPRM’s proposal to limit Lifeline support to facilities-based carriers is not supported
by economic principles and evidence.

7. The Declaration and its conclusion is developed by first analyzing the respective economic
roles of different providers of modern retail communications services, and the underlying
economic foundation for the Lifeline program. While providing a foundation for
conducting an economic assessment, the Declaration finds that:

e Facilities-based and non-facilities-based carriers (Mobile Virtual Network Operators
or MVNOs) operate symbiotically to each provide economic value and enhance
consumer welfare in the provisioning of modern communications services. The result
of this relationship is enhanced capacity utilization and hence more investment than

would happen in the absence of MVNOs. (Section Il. A)

e The FCC has consistently used Lifeline as the nation’s principal policy tool for
advancing the adoption of modern telecommunications service to consumers that

would, but for a subsidy, fail to subscribe. By comparison, other federal Universal

1 Fourth Report and Order, Order on Reconsideration, Memorandum Opinion and Order, Notice of Proposed
Rulemaking and Notice of Inquiry, Federal Communications Commission, adopted November 16, 2017, available
at: https://ecfsapi.fcc.gov/file/120198349434/FCC-17-155A1.pdf.



https://ecfsapi.fcc.gov/file/120198349434/FCC-17-155A1.pdf

Service programs are designed for deployment, including the High Cost programs.
While Lifeline also has a positive impact on deployment, the Lifeline program’s
primary goal is to promote the adoption of essential communications services. (Section
11.B)

With this background in hand, Section Il of the Declaration provides an economic
assessment of the NPRM'’s proposal. Several economic conclusions emerge from the

Commission’s proposal to limit Lifeline support to facilities-based providers:

e Proposing to limit Lifeline support to facilities-based providers is inconsistent with
general economic principles and the economic role of Lifeline. (Section I11. A)

e Proposing to limit Lifeline support to facilities-based providers will harm, rather than
advance, universal connectivity and adoption. (Section Ill. B)

e The proposal’s “competitive impacts” assessment is unsupported by general
principles of economic regulation. (Section I11. C)

e The data on network investment indicate that greater MVVNO activity promotes

investment. (Section I1l. D)

Background
A. The Economic Role of the MVVNO Sector

In 2016, hundreds of millions of Americans consumed wireless narrowband and broadband
services. The supply of these services is from two types of firms. First, some firms (e.g.,
AT&T, Verizon) operate as fully vertically-integrated providers. That is, such firms own
and operate their own underlying networks and facilities, and additionally provide retail-
stage services. Economic decisions by facilities-based providers are innately affected by
the fact that they must manage capital-intensive, high-fixed-costs networks. In particular,
these firms seek to avoid capacity utilization on their networks that is either too high or too
low. If customer demand is too high on an existing network, the marginal cost of providing
service can rise rapidly, putting upward pressure on prices or acting to diminish customer
quality. These consequences not only harm the firm’s competitive position, but can also

adversely affect profits. Alternatively, if a facility-based carrier’s network is under-utilized,
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the idle capacity represents a foregone revenue opportunity to “fill up its pipes” and

increase its profits.

Second, some firms (e.g., Consumer Cellular, Credo Mobile, Liberty Wireless, and
TracFone) operate exclusively at the retail stage. These firms, referred to as MVNOs,
conduct marketing campaigns and interface with retail consumers but do not own or
operate the underlying (upstream) facilities with which communications services are
provided. Instead, they purchase capacity from facilities-based firms and then resell
services to retail-level customers. In total, MVNOs provided service to more than 38.8

million retail customers as of year-end 2016.

This resale model adopted by MVNOs — that is, purchase of a product from an upstream
supplier and subsequent sale of that product to final consumers — is a common phenomenon
throughout the U.S. economy. Many products from relatively complex items such as
refrigerators, automobiles, and computers, to simpler goods, such as books, groceries, and
blue jeans are sold by separate firms at the final, retail stage of production without
physically altering the product(s) acquired from their upstream suppliers. That is not to say
that resellers do not add value to the product through various retail stage activities such as
marketing, servicing, providing product-specific information, and so on. In this sense,
resale is economically equivalent to any other process in which firms combine inputs to

produce a good or service.

While some have characterized resellers as adding little to consumer and economic welfare,
economic analysis has shown otherwise.? MVNOs and other resellers throughout the
economy have been shown to promote economic efficiency, invigorate competition, drive
price reductions and satisfy the nuanced need of consumers that would otherwise go
unfulfilled. Some MVNOs have focused on niche markets. For example, Disney Mobile
was family oriented with “parental control features, subscriptions to Disney content and

games.” Great Call has been targeting baby boomers and the elderly community with

2 See e.g., John W. Mayo and Scott Wallsten “Secondary Markets: The Quiet Economic Value Creator,”
Georgetown Center for Business and Public Policy, Economic Policy Vignette 2011-12-1, December 2011.
Available at: http://cbpp.georgetown.edu/sites/cbpp.georgetown.edu/files/Mayo-Wallsten-secondary-markets-
the%20quiet-economic-value-creator-122011.pdf, and Allesandro Gavazza “Leasing and Secondary Markets:
Theory and Evidence from Commercial Aircraft,” Journal of Political Economy, Vol. 119, 2011, pp. 325-377.
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“easy-to-use handsets, 24-hour Operator assistance and simple price plans;” and Boost
Mobile appealed to the youth market with *“sponsorship of action sports events, television
programs, festivals, concerts, and other youth-centric activities.” Faith Wireless, launched
in 2017, targets church-goers.® In short, resale fills a valuable role in satisfying consumer
needs, improving economic efficiency and expanding economic welfare, and it is for that
reason that economic policies generally are permissive of — indeed, encouraging of — the

resale business model.*

Given their different positions in the market, over time facilities-based firms and MVVNOs
have developed symbiotic business models that provide economic returns to both types of
firms and which enhance economic efficiency and consumer welfare. In particular,
facilities-based firms establish a price and quality level that provides these firms with
valued flexibility that often leaves some amount of their network capacity in reserve.
Rather than letting this capacity stand completely idle, however, facility-based firms

contract with MVVNOs for the use of that capacity.

MVNOs, in turn, market services to two types of retail customers. First, MVNOSs attract
customers that would otherwise subscribe to a facility-based carrier but who are instead
attracted to MVVNO prices (that are often lower than the prices charged by facilities-based
carriers)® or the MVNOSs’ tailored service offerings. Because, however, the prices and
tailored offerings of the MVNO better match the needs of this set of consumers, consumer
demand expands beyond the level that would prevail were only facilities-based providers

3 MVNO business models and marketing approach, Veridian Systems, available at
http://veridian.ro/aboutmvno/mvno-business-models-and-marketing-approach/?lang=en. See also Matt Hunter, New

smartphone targets elderly nonphone users, CNBC (Sept. 7, 2014), available at
https://www.cnbc.com/2014/09/05/new-smartphone-targets-elderly-nonphone-users.html; Sue Marek, Boost

Broadens its Appeal, WIRELESS WEEK (Feb. 28, 2007), available at
https://www.wirelessweek.com/news/2007/02/boost-broadens-its-appeal; Colin Gibbs, Faith Wireless targets

churchgoers with new MVNO service, FIERCEWIRELESS (Feb. 8, 2017), available at
https://www.fiercewireless.com/wireless/faith-wireless-targets-church-goers-new-mvno-service

4 See John W. Mayo and Scott Wallsten “Secondary Markets: The Quiet Economic Value Creator,” Georgetown
Center for Business and Public Policy, Economic Policy Vignette 2011-12-1, December 2011, available at:
http://cbpp.georgetown.edu/sites/cbpp.georgetown.edu/files/Mayo-Wallsten-secondary-markets-the%20quiet-
economic-value-creator-122011.pdf

5> That MVNO prices are often lower than the prices charged by facilities-based carriers is commonly recognized,
See, for instance, Alexander Maxhem “The Real Cost of a Carrier vs MVNO’s” (sic), January 28, 2016, AH
Android Headlines, available at https://www.androidheadlines.com/2016/01/prepaid-vs-postpaid.html.
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present. This, in turn, expands the capacity utilization of the facilities-based network
provider. Second, MVNOs attract customers that would, but for the MVNO, simply not
subscribe. This additional demand from the MVNO sector also expands the capacity
utilization of the underlying facilities-based network provider. In sum, the symbiotic
association between facilities-based providers and MVVNOs act to promote both universal
service (by adding subscribers to the communications network) and augment network

capacity utilization, which promotes industry investment.

Given the focus of MVVNOs on sales to value-oriented customers, data reveal that MVVNOs
enjoy their largest market presence in lower per-capita income, rural states. As seen in
Table Al, the market presence of MVNOs is highest in the states of Arkansas, Maine, West
Virginia, Kansas, Vermont, Kentucky and South Dakota with resold services in these states
capturing over 15 percent of 2016 subscribers. In Table A2 we see that these MVNO-
intensive states are markedly more rural than the national average, and also include some
states with a higher percentage of their populations living in poverty than the national

average.

Given MVNOs’ focus on value-oriented customers, it is natural that MVVNOs serve a
substantial fraction of Lifeline customers throughout the nation. As seen in Figure Al,
MVNOs disproportionately serve Lifeline subscribers, the group of customers that are most

vulnerable to dropping off the network absent the Lifeline subsidy.

B. The Economic Foundation of Universal Service and the Lifeline Program

For nearly a century, the United States has embraced the goal of universal service by
promoting the deployment and adoption of communications services among all Americans.
Critically, deployment and adoption are distinct universal service policy challenges. For
this reason different policies emerged to tackle these different policy challenges.® The roots
of the Lifeline program spring from the economic observation that absent a subsidy, some

individuals will not subscribe to the communications network even though the value to

% For an economic analysis of the effectiveness of these respective approaches, see Ross C. Eriksson, David L.
Kaserman and John W. Mayo “Targeted and Untargeted Subsidy Schemes: Evidence from Post-Divestiture Efforts
to Promote Universal Telephone Service,” Journal of Law & Economics, Vol 41, October 1998, pp. 477-502.



society of their subscription exceeds the costs associated with their subscription.” Thus, the
Lifeline Program was established to promote the goal of promoting subscription to the
telecommunications network.® The Lifeline program now serves as the nation’s primary
policy mechanism to promote consumer adoption of modern communications service.®
The High Cost Fund (now relabeled the Connect America program) was established to
provide incentives for firms with high costs to expand connectivity through infrastructure
build-out in unserved or underserved areas. Thus, the High Cost Fund serves as the nation’s
primary policy mechanism to fund the deployment facilities in areas where private market

forces alone might not provide service.

18.  Over the years, the connectedness of the American people has increased substantially, in
part driven by new and increasingly affordable wireless technologies that provide
consumers with highly-valued services, and partly due to universal service policies such as
Lifeline and the High Cost Fund.® Nonetheless, today two challenges continue to confront
the Commission as it seeks to advance its universal service mission. First, while the vast
majority of Americans have full access to the communications infrastructure and routinely
employ modern communications services to improve their personal and professional lives,

many Americans do not partake in these benefits.!! This shortfall points to the critical

" The centrality of this goal has been emphasized by the Commission repeatedly since the inception of the Lifeline
Program. See, e.g., Federal-State Board on Universal Service, Report and Order, 12 FCC Rcd 8776, 8993 1 406
(1997) (First USF Order) (“the “Federal Lifeline and Link Up programs ... were designed to make residential
service more affordable for low-income consumers”). Most recently, the 2016 Order reforming the Lifeline
program states that “The Commission stressed that a central goal of the Lifeline program is affordability,
emphasizing the purpose of the program to increase participation.” Third Report and Order, Further Report and
Order, and Order on Reconsideration, April 27, 2016, 147. (Hereafter, 2016 Lifeline Order).

8 For a discussion of the congruence of this goal and the economic rationale for a universal service policy, see David
L. Kaserman and John W. Mayo “The Quest for Universal Telephone Service: The Misfortunes of a Misshapen
Policy,” in Telecommunications Policy: Have Regulators Dialed the Wrong Number?, Donald L. Alexander, Editor,
Praeger, 1997, pp. 131-144 at p. 133.

° The Commission’s Schools and Libraries (aka E-Rate) and the Rural Health Care programs also seek to advance
adoption for schools, libraries and rural health care providers.

10 For a recent analysis of the gains in connectivity across time, see Jeffrey T. Macher, John W. Mayo and Olga
Ukhaneva “From Universal Service to Universal Connectivity,” Journal of Regulatory Economics, Vol. 52, August
2017, pp. 77-104.

11 As noted by the Commission, “There are still 64.5 million people without a connection to the Internet and that
figure hits hardest on those with the lowest incomes.” 2016 Lifeline Order, 2.



importance of universal service programs designed to encourage adoption. Second, while
a number of improvements to the Lifeline program and the High Cost fund have been made
over time, these programs continue to face challenges. For instance, while an ideal program
to support adoption would target precisely and only those consumers that would, but for
the Lifeline subsidy, not subscribe to the network, the practical filter adopted by the
Commission for identifying these individuals centers on income.'? Because this proxy
(income) is necessarily imperfect, some households that do not meet the Lifeline program’s
income eligibility threshold will not subscribe, but would with a subsidy; while other
households that meet the income threshold for eligibility would choose to subscribe even
without the Lifeline subsidy. The result is that the Lifeline program is necessarily less
effective and more costly than would be ideal. In light of these challenges, it is natural that
the Commission seek wherever possible to identify and implement programmatic changes
that will improve the effectiveness of these programs. Yet, as | describe in the next section,
while the desire to make improvements in the Lifeline program to enhance its effectiveness
is commendable, the proposal in the NPRM to focus Lifeline support exclusively on
facilities based providers would, if adopted, be inconsistent with the economic principles
that underlie universal service as well as a number of other legitimate objectives of the

Commission, including increasing network investment by facilities-based providers.

I1l.  An Economic Assessment of the NPRM’s Proposal to Focus Lifeline Exclusively on
Facilities Based Providers

A. Proposing to limit Lifeline support to facilities-based providers is
inconsistent with the economic basis of Lifeline.

19.  Asdescribed in the NPRM, the proposal rests on an assumption that “Lifeline support will
best promote access to advanced communications services if it is focused to encourage
investment in broadband-capable networks.”*® The NPRM’s proposal conflicts with the

economically well-established focus of Lifeline as a tool to promote subscription, and

12 The income eligibility associated with Lifeline, in turn, is proxied by either household income relative to the
federal poverty guidelines or household participation in various federal social-assistance programs,

13 NPRM at 165.
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replaces it with a new goal of promoting investment. In so doing, the proposal ignores the
economic reality that, regardless of the extent of deployment, there are consumers who
would not subscribe to the modern communications network absent Lifeline support. That
is why, as described in Section 11.B. above, the Lifeline program is designed to promote
adoption of services, not deployment. While encouraging investment in broadband network
deployment also serves as a legitimate economic goal, the Commission’s proposal to
shoehorn investment-promotion into the Lifeline program is inconsistent with Lifeline’s
economic role as an affordability program and ignores the fact that a variety of other policy
tools apart from Lifeline are both available to, and better-suited for, the Commission to
advance broadband investment.* As shown below, however, retaining MVNO eligibility
for Lifeline serves both goals: promoting connectivity and encouraging network
investment.

B. The NPRM’s proposal to limit Lifeline support to facilities based providers is
unlikely to advance the Commission’s goal of universal connectivity.

The NPRM states that “We believe this proposal would do more than the current
reimbursement structure to encourage access to quality, affordable broadband service for
low-income Americans.”*® The logic behind this statement is then offered: “In particular,
Lifeline support can serve to increase the ability to pay for services of low - income

households.”16

This logic of this statement is exactly right, but the NPRM does not explain why the
proposal would provide an improved vehicle for advancing “the ability to pay for services
of low-income households.” Specifically while it is true that Lifeline, as currently
structured does “increase the ability to pay for services of low-income households”, the
NPRM’s proposal, if adopted, would actually eliminate the ability of some MVNO
Lifeline-eligible customers to receive Lifeline benefits. Millions of MVNO Lifeline
customers would face higher prices, as MVNOs would no longer be eligible to provide

Lifeline discounts to these customers. The consequence would be a decrease, not an

14 As described in Section I1. B., the High Cost Fund has historically served the role of encouraging the deployment
of; that is, investment in, unserved and underserved areas of the country.

15 NPRM at 165.
16 1d. (emphasis added)
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increase, in the “the ability to pay for services of low-income households.” This decrease
would cause customers to drop off the modern communications network, exactly the

opposite of the belief expressed in the NPRM that the proposal encourage universal service.

While not stated in the NPRM, it might be thought that adoption of the proposal will simply
cause current Lifeline customers of MVNOs to seamlessly transition to the service
offerings of facilities-based carriers, thereby increasing the incentive for these carriers to
make network investments and enhance universal connectivity. Two problems arise,
however, that sever the logic of this thought. First, as described in Section I1.A., facilities-
based carriers are already the beneficiaries of the capacity utilization caused by MVNO
customers, including their Lifeline customers. Indeed, as explained, MVNO customers are
likely to cause greater utilization of the facilities-based carriers’ networks than if the
facilities-based carriers were to solely provide the services themselves. Thus, to the extent
that MVVNO customers do switch to facilities-based firms as a consequence of the proposal,
capacity utilization is likely to fall rather than increase, thereby reducing incentives for
network investment. Second, some MVNO customers will not switch to facilities-based
providers as a consequence of the regulatory-induced price increase brought about by the
proposal’s adoption. This will, in turn, leave a set of vulnerable customers with higher bills
and with a heightened sense that their most salient option is simply to not subscribe. In this
manner, adoption of the proposal would be to harm, rather than advance, the goal of
universal connectivity. In sum, some customers will simply not switch (though they will
be harmed) and will provide no extra business for facilities-based firms, while other
customers who do switch from MVNOs to facilities-based carriers will decrease, not
increase, facilities-based carriers’ capacity utilization. The result will be no improvement
in incentives for network investment among facilities-based firms.

C. The NPRM'’s proposed “competitive impacts” assessment is inconsistent with
general principles of economic regulation.

The Commission further seeks to support its proposal by stating that “the competitive

impacts of having multiple competing facilities-based networks can also help to lower
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prices for consumers. If Lifeline can help promote more facilities, it can then indirectly

also serve to reduce prices for consumers.”*’

While it is certainly true that multiple competitors can help lower prices, there is no
economic evidence that | am aware of indicating that MVVNOs’ presence in the market is
less powerful in driving price reductions than facilities-based providers. Indeed, it is widely
recognized that many MVNOs charge lower prices than facilities-based providers, acting
to reduce market prices relative to the counter-factual that all services were provided by
facilities-based firms.18

The *“competitive impacts” feature of the NPRM’s proposal also runs counter to the
economic principles that underlie the universal service system. Among other widely
agreed-to economic principles, an efficient Lifeline program requires that both the
collection and distribution of the subsidy be competitively neutral.’® Yet in the current
case, the proposal would through regulation substantially shift the relative prices charged
by MVNOs and facilities-based carriers for millions of Lifeline customers creating
potentially massive shifts in the competitive landscape. Critically, such a shift is not
because the current system competitively favors one type of carrier. Indeed, under the
current system, both MVNOs and facilities-based competitors establish prices and are able
to — in a competitively neutral fashion — be reimbursed for discounts that are afforded to
Lifeline customers. The adoption of the proposal, whether implemented as a flash-cut or
over a transition period, would be counter to the widely adhered to standard that economic
regulation be competitively neutral.

D. Available data on network investment indicate that greater MVVNO activity
promotes investment.

While | have identified a number of features of the proposal that make it an undesirable
candidate for adoption, a final compelling reason is that an analysis of available, relevant
data do not support the NPRM’s assertion that the proposal’s adoption would stimulate

7 NPRM at 165. (footnote omitted)

18 See note 5, supra.

19 For a complete discussion of these principles, see David L. Kaserman and John W. Mayo “The Quest for
Universal Telephone Service: The Misfortunes of a Misshapen Policy,” in Telecommunications Policy: Have
Regulators Dialed the Wrong Number?, Donald L. Alexander, Editor, Praeger, 1997, pp. 131-144 at p. 140.
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investment. Specifically to test the NPRM’s belief | have developed several very simple
investment models designed to shed light on the impact that MVVNO activities have on

investment in the wireless communications sector.

Specifically, | gathered annual data on wireless investment over the 2001-2016 period,
along with corresponding data on total wireless subscriptions, subscriptions to wireless
facilities-based firms, subscriptions to MVNOs, the share of MVVNO subscriptions as a
share of total subscriptions, and the inflation-adjusted GDP growth rate. Using these data,
I estimated several straightforward models of investment, which are described in detail in
the Appendix. Across seven different models that | estimated, and after controlling for
other determinants of investment (e.g., GDP growth), the impact in each case is that greater
MVNO activity (as measured by MVNO subscribers) is to increase investment. Stated
alternatively, the econometric analysis indicates that policy measures such as the NPRM’s
proposal which would reduce the number of MVNO customers will reduce wireless
investment in the United States. While the models I have estimated admittedly rely upon a
relatively short time period, the fact that MVNO activity is consistently seen to increase
investment in a statistically significant fashion provides a strong indication that the
proposal’s plan to eliminate MVVNOs’ ability to collect Lifeline support and the consequent
harm to their subscriber bases will cause results that are precisely the opposite of those
intended in the NPRM.

Conclusion

For all the reasons stated above, the NPRM’s proposal to limit Lifeline support to facilities-
based firms should not be adopted, and the Commission should remain focused on the
economic role of Lifeline to support low-income consumer’s access to communications

services by continuing to permit their ability to choose services offered by MVVNOs.



Table Al: MVNO Presence, by State (Mid-Year 2016)
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u.s. MOBILE WIRELESS | MOBILE WIRELESS V\}zii?_"EZs RESOLD WIRELESS
POPULATION SUBSCRIBERS PENETRATION SUBSCRIPTIONS MARKET SHARE

ARKANSAS 2,988,231 2,956,000 98.9% 648,000 21.9%
MAINE 1,330,232 1,239,000 93.1% 264,000 21.3%
WEST VIRGINIA 1,828,637 1,458,000 79.7% 292,000 20.0%
KANSAS 2,907,731 3,116,000 107.2% 618,000 19.8%
VERMONT 623,354 560,000 89.8% 101,000 18.0%
MONTANA 1,038,656 983,000 94.6% 168,000 17.1%
KENTUCKY 4,436,113 4,247,000 95.7% 722,000 17.0%
SOUTH DAKOTA 861,542 801,000 93.0% 125,000 15.6%
LOUISIANA 4,686,157 5,092,000 108.7% 736,000 14.5%
PUERTO RICO 3,406,520 3,205,000 94.1% 461,000 14.4%
SOUTH CAROLINA 4,959,822 4,730,000 95.4% 666,000 14.1%
NEBRASKA 1,907,603 1,919,000 100.6% 258,000 13.4%
ALABAMA 4,860,545 4,849,000 99.8% 645,000 13.3%
MINNESOTA 5,525,050 5,807,000 105.1% 761,000 13.1%
WYOMING 584,910 585,000 100.0% 76,000 13.0%
TENNESSEE 6,649,404 7,091,000 106.6% 872,000 12.3%
INDIANA 6,634,007 6,313,000 95.2% 771,000 12.2%
NEW HAMPSHIRE 1,335,015 1,283,000 96.1% 155,000 12.1%
OKLAHOMA 3,921,207 3,769,000 96.1% 451,000 12.0%
NORTH CAROLINA 10,156,689 9,828,000 96.8% 1,162,000 11.8%
MISSISSIPPI 2,985,415 2,761,000 92.5% 326,000 11.8%
WISCONSIN 5,772,917 5,445,000 94.3% 619,000 11.4%
MISSOURI 6,091,176 6,090,000 100.0% 683,000 11.2%
PENNSYLVANIA 12,787,085 13,192,000 103.2% 1,477,000 11.2%
GEORGIA 10,313,620 10,658,000 103.3% 1,149,000 10.8%
NORTH DAKOTA 755,548 729,000 96.5% 78,000 10.7%
NEW YORK 19,836,286 23,230,000 117.1% 2,451,000 10.6%
OHIO 11,622,554 12,111,000 104.2% 1,234,000 10.2%
MICHIGAN 9,933,445 10,255,000 103.2% 1,039,000 10.1%
DELAWARE 952,698 966,000 101.4% 97,000 10.0%
lowWA 3,130,869 2,943,000 94.0% 294,000 10.0%
IDAHO 1,680,026 1,586,000 94.4% 145,000 9.1%
VIRGINIA 8,414,380 8,273,000 98.3% 747,000 9.0%
OREGON 4,085,989 4,032,000 98.7% 353,000 8.8%
NEW JERSEY 8,978,416 9,863,000 109.9% 838,000 8.5%
COLORADO 5,530,105 5,676,000 102.6% 479,000 8.4%
NEVADA 2,939,254 2,976,000 101.3% 246,000 8.3%
ARIZONA 6,908,642 6,788,000 98.3% 554,000 8.2%
DISTRICT OF

COLUMBIA 684,336 1,498,000 218.9% 120,000 8.0%
RHODE ISLAND 1,057,566 1,033,000 97.7% 82,000 7.9%
ILLINOIS 12,835,726 13,757,000 107.2% 1,078,000 7.8%
WASHINGTON 7,280,934 7,277,000 99.9% 569,000 7.8%
MASSACHUSETTS 6,823,721 7,486,000 109.7% 558,000 7.5%
FLORIDA 20,656,589 21,129,000 102.3% 1,493,000 7.1%
NEwW MEXICO 2,085,432 2,028,000 97.2% 139,000 6.9%
CONNECTICUT 3,587,685 3,653,000 101.8% 242,000 6.6%
TEXAS 27,904,862 28,527,000 102.2% 1,772,000 6.2%
UTAH 3,044,321 2,785,000 91.5% 164,000 5.9%
MARYLAND 6,024,752 6,390,000 106.1% 369,000 5.8%
HAWAII 1,428,683 1,538,000 107.7% 87,000 5.7%
ALASKA 741,522 687,000 92.6% 38,000 5.5%
CALIFORNIA 39,296,476 42,229,000 107.5% 1,984,000 4.7%
VIRGIN ISLANDS 108,000 N/A N/A N/A N/A
U.S. TOTAL 323,405,935 337,789,000 104.4% 31,514,000 9.3%

Sources: U.S., Census, Table 1. Annual Estimates of the Resident Population for the United States, Regions, States, and Puerto Rico:
April 1, 2010 to July 1, 2017 (NST-EST2017-01), FCC Voice Telephone Services Report, State-Level Subscriptions (2016).
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Table A2: Economic and Demographic Characteristics of MVNO-Intensive States

MVNO-INTENSIVE STATE* | MVNO MARKET SHARE | % LIVING IN RURAL AREA | % LIVING IN POVERTY

ARKANSAS 21.9% 43.8% 18.8%
MAINE 21.3% 61.3% 13.5%
WEST VIRGINIA 20.0% 51.3% 17.7%
KANSAS 19.8% 25.8% 13.3%
VERMONT 18.0% 61.1% 11.6%
MONTANA 17.1% 44.1% 14.9%
KENTUCKY 17.0% 41.6% 18.8%
SOUTH DAKOTA 15.6% 43.3% 14.0%
US. TOTAL 9.3% 19.3% 15.1%

* MVNO-intensive states are defined as those states where the percentage of total mobile voice subscriptions not directly billed (i.e.,
served by resale / MVNOs) per the FCC's VVoice Telephone Services report is over 15%.

Sources: FCC Voice Telephone Services Report, State-Level Subscriptions (2016); U.S., Census, Table 1. Annual Estimates of the
Resident Population for the United States, Regions, States, and Puerto Rico: April 1, 2010 to July 1, 2017 (NST-EST2017-01); U.S.
Census Bureau, 2010 Census, Summary File 1, Table P2, County Rurality Level (2010); U.S. Census Bureau, Selected Economic
Characteristics, 2012-2016 American Community Survey 5-Year Estimates.



Figure Al: Lifeline Payments by Carrier Type, 2016
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Source: USAC Fourth Quarter 2017 Filing, Appendix LI05 Annual Low Income Support Claimed by State and
Company, January 2014 through June 2017
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APPENDIX

This Appendix provides a description of (1) the data and data source; and (2) the regression models that |
have used to explore how MVNO activity influences investment in the United States. The Appendix then
provides the estimation results from seven alternative models. The models are necessarily simple as the
available data are quite limited. Nonetheless, the results consistently indicate that increases in MVNO
activity act to positively influence investment in the wireless communications industry.

Data and Sources

INV, the annual data on wireless investment over the 2001-2016 period, is derived from the CTIA’s
Annual Wireless Industry Survey.?° Robustness checks are also performed using the Census Bureau’s
Annual Capital Expenditure Survey (ACES)?! data as an alternative source of data on investments made
by wireless telecommunications carriers. INVLAG, which is the INV of the previous year, is also used as
a control variable.

The nationwide subscriber data comes from the FCC Local Competition reports?? for the period 2001-
2013, and from the FCC Voice Telephone Services reports?® from 2014-2016. SUBSTOT represents the
total number of wireless subscribers, and SUBSFB represents the number of subscribers to facility-based
subscribers while SUBSMNVO represents the number of subscribers to MVNO providers.
MVNOSHARE represents the ratio of MVVNO subscriptions to total wireless subscriptions. Each of the
subscriber variables are lagged by one year under the assumption that changes in MVVNO activity cannot
cause contemporaneous changes in investment, but may create adjustments in the following year.

The inflation-adjusted GDP growth rate, GDPGROWTH, from the World Bank?* is also included to
control for other determinants of investment. Variants FGDPGROWTH, the GDP growth rate one year in
the future, and LGDPGROWTH, the GDP growth rate in the previous year, are also included alternatively
as controls.

20 INV represents the incremental capital expenditures in $1000s. In its earlier surveys, CTIA originally requested
cumulative capex, so the incremental capex is derived from the reported figures, but after 2004, CTIA requested
incremental capex directly. For more information on the CTIA’s Annual Wireless Industry Surveys, see
https://www.ctia.org/industry-data/ctia-annual-wireless-industry-survey.

21 Data are sourced from the collection of tables titled “Capital Expenditures for Structures and Equipment for
Companies With Employees by Industry,” see https://www.census.gov/programs-surveys/aces/data/tables.html.

22 See FCC Local Telephone Competition reports, 2001-2013, https://www.fcc.gov/general/local-telephone-
competition-reports.

23 See FCC Voice Telephone Services reports for periods 2014-2016, https://www.fcc.gov/voice-telephone-services-
report.

24 GDPGROWTH is the annual percentage growth rate of GDP at market prices based on constant 2010 U.S. dollars
as derived by the World Bank, see https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=US for
more details.



https://www.ctia.org/industry-data/ctia-annual-wireless-industry-survey
https://www.census.gov/programs-surveys/aces/data/tables.html
https://www.fcc.gov/general/local-telephone-competition-reports
https://www.fcc.gov/general/local-telephone-competition-reports
https://www.fcc.gov/voice-telephone-services-report
https://www.fcc.gov/voice-telephone-services-report
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=US
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Regressions

Table A3 provides the results of seven different simple regression models for wireless investment. The
dependent variable in each case is INV. In each of these seven models, | estimate the impact of MVNO
activity on wireless industry investment. In each of the seven models, the indicator of MVVNO activity, as
represented by either the number of MVVNO subscribers or the share of MVVNO subscribers, positively and
significantly influences investment.

In the first six models, MVNO activity is measured by MVNO subscribers in the prior year.?® In
regressions one through six, | control alternatively for facility-based wireless subscribers SUBSFB, total
wireless subscribers SUBSTOT, the lagged effect of investment INVLAG, the GDP growth rate in the
current, previous, or following year, and different combinations thereof. In Model (3) the GDP growth
rate has a positive and significant effect on investment. In Model (1), the number of facility-based
subscribers has a significant negative effect on investment, and in Model (6) total wireless subscribers
also has a significant negative effect on investment. In each of these six models, however, SUBSMNVO
positively and significantly influences investment.

In the seventh and final model, MVNO activity is measured in the form of MVNO subscribers as a share
of total wireless subscribers in the prior year. Even in the form of subscription shares, MVNO activity
has a positive and significant effect on investment.

In each of the seven models, the indicator of MVVNO activity, as represented by either the number of
MVNO subscribers or the share of MVNO subscribers, positively and significantly influences investment.
Each regression was also estimated using ACES investment data from the Census Bureau with no
substantive difference to what is reported here.

25 Because the effects of wireless subscriptions are estimated as lagged effects, there are 15 observations per
regression despite the 16 years of data total. In Model (5), the observations further shrink to 14 due to the current
unavailability of the 2017 GDP growth rate.
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TABLE A3: REGRESSION RESULTS
f (1) i 2) f (3) [ (4) f (5) i (6) f (7)
VARIABLES INV INV INV INV INV INV INV
SUBSMVNO 0.622%** 0.626* 0.417** 0.604** 0.630%* 0.691%**
" (0188 " 0287y " (0182) " (0212) " (0214) 7 (0222
MVNOSHARE 2.182e+08***
" (6.920e+07)
SUBSFB -00684* " 00687 " 00227 " -00645 -0.0574
" (00364) " (00424) " (00367) T (00415 T (0.0424)
INVLAG " -0.00550
" (0313)
GDPGROWTH 1.194e+06**
" (509,831)
LGDPGROWTH 128,930
(571,131)
FGDPGROWTH 403,897
" (586,727)
SUBSTOT -0.0684* -0.0291
(0.0364) (0.0245)
Constant 2.708e+07*%* | 2.721e+07**  1.923e+07***  2.641e+07***  2.413e+07***  2.708e+07***  1.429e+07***

Observations
R-squared

" (4.601e+06)

r

15
0.638

" (8.767e+06)

r

15
0.638

r

r

(5.164e+06) | (5.659e+06)
15 I 15
0.758 0.640

" (5.990e+06)

r

" (4.601e+06) | (2.966e+06)

r

14 r 15 15
0.746 0.638 0.642

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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