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We submit these comments in response to the preceding FCC Notice of Inquiry. The
authors are

e Randall Berry, Chair and John A. Dever Professor, Department of Electrical &
Computer Engineering, Northwestern University

e Thomas Hazlett, Hugh H. Macaulay Endowed Professor of Economics,
Department of Economics, Clemson University

e Michael Honig, AT&T Research Professor, Department of Electrical & Computer
Engineering, Northwestern University

We are also members of SpectrumX, the Spectrum Innovation Center funded by the
National Science Foundation. Our combined research on access to spectrum spans
multiple decades and covers a wide range of technical, economic, and policy issues.
These comments reflect our own views, and should not be interpreted as views
advocated by SpectrumX or our home institutions.

Why Collect Data on Spectrum Usage?

In this NOI, the Commission “explore(s) the exciting potential to advance our
understanding of non-Federal spectrum usage by leveraging new data sources,
technologies, and methods. While academics, industry researchers, and regulatory
bodies have devoted considerable attention to the topic, we have traditionally relied on
third parties for metrics regarding actual spectrum usage rather than conduct our own
studies.”

Collection and analysis of data that reflects spectrum utilization often helps regulators
understand how spectrum is deployed across different applications. To wield such tools
and to effectively advance their policy goals, the Commission must understand how
monitoring of spectrum can and should take place, exploiting a mix of technically
sophisticated and functionally subtle strategies. While third party studies can provide
essential inputs to regulatory decision-making, it is key to see how the task for which the



monitoring is designed is part and parcel of the system constructed, the way
“‘monitoring” is defined, implemented, and then utilized.

The NOI states that the Notice “represents a technical inquiry on how to better obtain
more sophisticated knowledge of non-Federal spectrum usage — and how we could take
advantage of modern capabilities for doing so in a cost-effective, accurate, scalable,
and actionable manner...”

We recognize that the Commission seeks technical input on what, how, and where in
the overall space of Time/Location/Frequency (TLF) measurements should be made,
and in the next section offer our own suggestions on utilization measurements that can
serve as useful inputs to policy analysis. However, useful measurement campaigns
must further overall social welfare objectives. One must consider institutions and trade-
offs, making smart choices. In particular, it would be harmful to pursue data blindly, as
irrelevant data generation can waste scarce resources (both in the costs of collection
and the ensuing costs of trying to utilize the data) and lead to confusion. An
administrative regime that, for instance, proposes to maximize the data used in order to
inform regulatory decision making would inevitably fail to achieve fundamental social
welfare objectives by imposing large costs in pursuit of information having limited
practical use. In reality, many data-generation projects will not prove cost-effective, or
reasonably scale (to produce social value), or produce no actionable information in
improving regulatory decisions that advance the public interest.

A general concern is that the NOI suggests that the FCC regards utilization, rather than
valuation, as a key metric that should drive policy decisions. Utilization can be a useful
input to policy decisions; however, valuation must be the guiding metric. More
specifically, the implication throughout the NOI is that the FCC seeks utilization data to
determine what bands are candidates for reassignments and coexistence with other
applications. While such reassignments may be warranted, the utilization data cannot
directly and fully inform the reallocations that result. To the extent that such use rules
embed rigidities in spectrum access that do not admit to low-cost correction by market
participants, this result can too easily create persistent inefficiencies.

The classic example of this is the “command and control” allocation of broadcast TV
spectrum that foreclosed the use of prime spectrum for mobile cellular over a period of
decades. Rather than assigning flexible use rights to radio spectrum and allowing
competitive forces to discover an optimal mix of approaches to video delivery, a huge
swath of bandwidth was allocated to one specific application under rigid rules in the
1952 TV Allocation Table. Even while competing technologies (including cable and
satellite delivered video) emerged as competitively superior, the regulatory lock-in



blocked deployment of more efficient options over most of the original TV Broadcast
Allocation for decades. This was a product of the “one-size-fits-all” regulatory template
imposed to mandate a particular wireless service.

Unfortunately, Broadcast TV is not an isolated example of how rigidities imposed over
the past several decades have diminished the value derived from spectrum resources.
Other examples include the 1999 allocation to dedicate bandwidth for vehicular
networks at 5.9 GHz, the introduction of TV white spaces, and fixed allocations to
space-based applications, all of which come with regulatory constraints that limit how
the spectrum might be repurposed for other uses in response to changing technologies,
demands, and business models. Rather than using utilization data to justify replacing
one set of rigidities by another — including those associated with particular rules for
coexistence — a fuller panoply of data may instead be used to justify removing rigidities
in spectrum access that constrain the overall value derived from particular bands.

What Data Might be Helpful?

Here we propose utilization data sets that would be particularly useful in informing policy
decisions concerning access rights. We then discuss the limitations of utilization data in
crafting rules for access rights.

CBRS utilization: We have an ongoing study on evaluating CBRS for sharing spectrum
in terms of relative success and value generated versus other access methods [1]. We
believe this type of study is crucial in determining whether or not such coexistence
schemes are appropriate for other bands. While data from the PAL auctions and
deployment of CBSDs from the NTIA can help to infer certain aspects of the value
created by CBRS in particular locations, it provides very limited (or no) insight into
several important questions: To what extent is CBRS spectrum being used (e.g., urban
versus rural, inland versus coastal) and at what power levels? Where and when are
PALs used versus GAA channels? Are channel assignments relatively static, modestly
dynamic, or highly dynamic? In addition to SAS data (which may or may not be
available), utilization data for CBRS over a wide geographic area would help to answer
those and similar questions. We might thereby advance our analysis in interpreting the
value supplied by CBRS in the context of alternative access schemes.

Satellite bands: There is current interest in sharing spectrum allocated to satellite
services with terrestrial-based systems. Utilization data for the satellite systems can
help determine where interference may pose coordination problems for coexistence.
However, the purpose of collecting such data should not be assumed to imply that rigid
“one-size-fits-all” rules should be specified, as perhaps TLF regions in which the rival



systems can operate. Rather rules should be designed to incentivize the interested
parties to cooperate in collecting useful data and designing interference mitigation
methods that balance costs and benefits. Those methods have the end goal of
optimizing system performance, and allow usage patterns that may vary both within and
across TLF regions.

Other legacy bands: Spectrum occupancy statistics do not map value generation.
Moreover, low or under-utilization, if that can be defined, does not generally justify the
replacement of one set of narrowly defined access rules by another such set. Rather,
wherever possible the goal should be to reduce rigidities and introduce flexible use rules
that rely on market forces to shape the evolution of wireless applications, services, and
access technologies.

We add that utilization data in cellular and unlicensed bands can help to provide
answers to questions pertaining to rural versus urban use and coverage, indoor or low-
power versus outdoor or high-power usage, coverage in low- versus high-income areas,
and adoption of new bands, such as millimeter wave. That can provide insight into how
new technologies are affecting markets and business models and, importantly,
impacting disputes over access conflicts that regulators are called on to resolve.
However, low utilization in TLF regions does not in itself imply a market failure. Where
utilization appears to be low, but operators or users have the freedom to expand
wireless use, the observed market may exhibit optimizations that include the relevant
cost-benefit tradeoffs, as well as competitive pressures across bands.

Utilization versus Value

“Intense” observed utilization of a particular band does not, alternatively, imply high
value. This underscores paragraph 22 in the NOI: measured activity across bands
allocated to radar, satellites, mobile cellular, and geolocation can reflect a wide range of
values. The social gain must also account for alternative uses of the spectrum
(opportunity cost) as well as the cost of providing the associated service by other means
(for example, moving to another band or via wired links if possible). Spectrum analysis
of various bands must therefore be interpreted with an understanding of economics,
transaction costs, and opportunity costs. These underscore the importance of the FCC
looking to understand the cost-effective, scalable and actionable factors associated with
data collection endeavors.

In general, the value of a resource or commodity can be revealed if it is freely utilized
and traded. The marginal value is then revealed in the price. In the case of flexible use
liberal licenses for spectrum access marginal values are revealed by auction prices,



which can be used to directly compare the value of spectrum across different locations
(e.g., urban versus rural) and bands (midband versus millimeter wave). Estimating value
becomes a more subtle, less transparent exercise when allocations are rigid, for
example, spectrum allocated to legacy applications (e.g., broadcast TV, satellite),
unlicensed use where the access price is set to zero by the regulator, and shared
access with a designated incumbent.

The NOI (Par. 22) makes the important point that “[S]everal bands may exhibit
infrequent usage that are [sic] nonetheless mission critical for their intended uses.” This
truth underscores how raw technical measurement of spectrum occupancy do not
reveal the tradeoffs required in the balancing cited. The insight is that valuation is not
perfectly correlated with occupancy, by given technical measures, and may not (in some
circumstances) even be positively correlated.!

An example is shown in the plots made via spectrum analyzers: cellular bands appear
moderately utilized while broadcasting bands (FM and TV) appear the most intensely
used frequencies. (See, e.g., Figure 1.) The result is perverse in economic terms, if
these terms are misinterpreted to have something important to do with social
productivity. In fact, TV broadcast signals have available substitutes (namely, cable,
satellite, and broadband Internet) that have made off-air broadcast reception a very low-
valued video delivery service. At the same time, the “busy” TV channels observed have
relatively high opportunity costs, given demands for additional bandwidth in 5G and
other competing technologies. The most “occupied” frequencies in technical
measurements turn out to yield evidence of emissions but not of economic value, and
yet have blocked potentially more valuable uses over long periods.

! Indeed, factors like latency or availability can be more important for some applications than utilization.
In some cases, addressing these factors might lead to a reduction in utilization, where the trade-offs may
vary with the technology being used.
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Figure 1. General RF Band Survey, Shared Spectrum (Sept. 23, 2010).

This type of technical analysis has often led interested industry groups to sponsor
studies that purportedly support policy conclusions that would favor a target application.
This is illustrated in the bar graph below, taken from [3]. The bars correspond to
different studies that estimate the value of unlicensed bands, liberally licensed
frequencies, and broadcast TV spectrum. The graph shows that the value of spectrum
allocated to Broadcast TV, as estimated in a study by a broadcast industry association,
is significantly higher than the value of spectrum that supports other services. It is only
through a proper accounting of the costs and benefits of using spectrum as input to
support the particular application that reveals the flaws in those studies. Similar
mistakes have been made in FCC cost-benefit studies [3, 4].
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(Sources: Thanki (2009), swpra note 84; Milgrom et al, (2011); Thanki (2012); CEA
(Consumer Electronics Association), Unlicensed Spectrum and the U.S. Economy: Quan-
tifving the Market Size and Diversity of Unlicensed Devices, White Paper (June 2014),
avatlable ar hups:ffecfsapi.foc.govMile/7521751149.pdf; Innovatio IP Ventures (2013),
supra note 42; Hazleu (2005); Entner (2008), supra ot notes for Table 6; Hazlett et al,
(2012); Bazelon & Henry (2015). supra at notes for Table 6: Haziett (2009); Coleman
Bazelon, The Need for Additional Spectrum for Wireless Broadband: The Economic Ben-
efits and Costs of Reallocations, White Paper for the Consumer Electronics Association
(March 2009); NAB (2015). supra note 132.)

Figure 2. “Valuation” Studies Asserted to Identify Spectrum Values
(Annual Gains in $B)

The Commission asks (Par. 22), “How should unlicensed use be factored in, if at all?
...[unlicensed users] in almost all cases, operate as an underlay to licensed or
industrial, scientific, and medical equipment (ISM) use.” This latter comment is dubious,
given that several bands are allocated primarily for unlicensed access, including recent
additions in 5.9 GHz and 6 GHz. (We are aware that there are other users of these
bands such as fixed wireless, but it is expected that unlicensed service will be the
dominant use of the bands.) The issue in any contentious allocation, which must include
a choice between mutually exclusive alternatives, is how the optimal selection is made.
Because the FCC does not possess the information as to which ultimate distribution of
services will achieve the highest social gain, it operates on non-economic criteria that
are vague, judgmental, and political. Competing interests attempt to advance
compelling arguments, but do not reveal their actual valuations — no penalty is
registered for overstating the social value associated with the spectrum allocation most



desired by their firm or organization. Even when the FCC attempts to discern the merit
of these cost-benefit arguments, it has produced disappointing results [4].

Incentives to Misreport Measurements

The Commission makes the point that as an agency, it does not supply services or
directly implements monitoring — it must rely on third parties. Hence, spectrum
“‘monitoring” that is technically desirable must be nested within the FCC’s own “supply
chain.” Here we point out potential problems with relying on third parties that may have
incentives to misreport measurements, either through selectivity bias, distorted
calibrations, emphasis on worst- or best-case scenarios, or other means.

Consider the scenario in which the FCC wishes to use measurements to evaluate
alternative uses of a particular band. In economic terms, the fundamental problem the
FCC faces is an information asymmetry: the measurements may be manipulated to
support distorted estimates of actual valuations that are private information, hidden to
the FCC. To discourage this rent seeking behavior, the FCC can attempt to verify
submitted measurements, but at some cost. Depending on the private values held by
stakeholders and the verification cost, this can lead to unreliable measurements and
potentially erroneous conclusions. For example, if the value to a stakeholder is relatively
low compared with the verification cost (say, known to the stakeholder), then the
stakeholder still has an incentive to distort the measurements, and those measurements
provide unreliable input to the FCC.

An alternative is to introduce flexible use rules that incentivize stakeholders to negotiate
amongst themselves for spectrum access. That would incentivize interested parties to
make their own measurements that inform them of potential returns on investment,
depending on proposed schemes for interference management. Access schemes,
including the development of rules for coexistence, can then arise organically,
incentivizing cooperation among interested parties as in the development of cellular and
WiFi standards. In ongoing work we are constructing an analytical model to provide
insight into the design of an appropriate mechanism for evaluating measurements,
building upon prior work in the economics literature on mechanism design with costly
verification [5].



Recommendations

We end these comments by adding some recommendations regarding the collection
and use of data as inputs to policy decision-making. Data sets should be submitted with
the following expectations:

e They are transparent, meaning the community involved in spectrum-related
research has access to the data. That includes not only technical measurement
data, but also data sets useful for economic analysis. The data should be posted
in forms that can be easily deciphered by non-FCC analysts.

e They are subject to discussion at FCC public hearings.

e FCC cost-benefit studies that rely on the data sets are transparent and, perhaps,
refereed by experts in various fields.

e There is a shot clock (time limits for regulators) to decide on petitions filed by
parties requesting rules/allocations that rely on submitted data sets (see, for
example, [6]).

In response to the conditional statement (par 22): “if commenters agree that taking a
band-agnostic approach will not work...”, we emphasize the danger of abandoning more
generic rules (“band-agnostic”) for more specific ones (imposing “command and control”
across multiple dimensions). Itis compelling that the premise leads the Commission to
instantly dive into a raft of definitions for specific types of usage, e.g., “fixed point-to-
point or fixed point-to-multipoint” allocations as distinct from “mobile services.” That
inherently locks in particular network architectures, forcing years- or decades-long,
expensive, and uncertain regulatory outcomes in order to loosen restrictions to enable
innovations. To be clear, such market demand includes efforts by non-profit firms,
research organizations, public agencies and other interests, in addition to demand from
commercial service providers.

We recommend undoing this premise and seeing FCC allocations as opportunities to
afford providers of all stripes, for-profit and nonprofit, full opportunity to reveal their
demands for valuable opportunities. This can and has been achieved in many contexts
in spectrum allocation. The FCC has instituted multiple reforms designed to support
such policy innovations, including license auctions for flexible use spectrum, overlays,
PCS, AWS-1, incentive auctions, C-Band satellite relocation payments, relaxation of
ISM band restrictions against spread spectrum, and shot-clocks for license applications

[6].



We strongly support the FCC’s quest to find common standards for creating access
rights. That is because standard legal forms, as with property rights in general, tend to
be well-understood and more easily developed. Customization occurs, but benefits by
starting from default rules that are widely utilized. With spectrum this means that the
regulator should be cognizant of transaction costs related to the productive uses, and
strive to enable a coherent system that allows incumbents, entrants, innovators and
consumers clarity in understanding access rights boundaries. Service deployments can
then reflect improvements from freedom of contract, without imposed rigidities, based
on limited foresight by either regulators or entrepreneurs as to how technologies and
business models may evolve. That will help to achieve greater coordination and
efficiency, on the one side, but supports diversity, competition and innovation on the
other.
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