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Preface

radio spectrum conducted by the Federal Communications Comm(iB&l@) from

1994 though1998 will yield $27.0 lillion in recepts to the federal Treasury. The
apparent success of the initial auctions has generated interest in the potential of auctions to
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FCC audbns, the general outlook for future auctions, and the applicability of auctions to the
introduction of digital broadcast television. The study also considers the prospects for using
auctions and other market mechanismsombyt in assigning licenses to specific users but also
in allocating frequencies to different uses. In keeping with CBO's mandate to provide objec-
tive analysis, the study makes no recommendations.
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Summary

ithin minutes of its beginning on July 25,
W1994, the five-year experiment in auctioning

licenses to use the radio spectrum produced
a surprising result: the first round of bidding for the
rights to frequencies that could be used for enhanced
paging services generated o¥00 nillion in high
bids—far more than was generally expected. Over $20
billion in winning bids later, th&617 nillion raised in
that first Federal Communications Commisg(BeC)
auction gems a small anunt. But even the revenues
raised by all of the early auctions maem lessignifi-
cant several years from now if the commission's author-
ity to auction licenses is extended beyd®®8 and if
what some observers see as the broader implications of
the FCC audbns lead to a significant overhaul of the
national approach to managing the radio spectrum.

The Congressional Budget Offil€BO) estimates
that FCC audabns will yield $27.0 hilion in receipts
from the license sales authorized by the Omnibus Bud-
get Reconciliation Act 0fl993 (OBRA-93). That
amount includes $8.0 billion irecepts ollected be-
tween 1994 and 1996 and an estimated $1i8iénkto
be collected in 1997 thugh2002. Those results far
exceed the predictions of CBO and virtually all other
forecasters at the time the law was passed. With only
modest qualifications, using competitive bidding to as-
sign licenses to use thedia spectrum has proved as
successful in other dimensions. Auctions have distrib-
uted licenses rapidly, efficiently, and at a low cost com-
pared with the alternatives of assigning licenses by
comparative heargs or lotteries. Moreover, the FCC
has created special features and rules for its auctions to
carry out OBRA-93's mandate give small businesses

and those owned by women or minorities the opportu-
nity to provide new telecommunications services.

On September 30, 199&®nly 17 months from
now—the FCC's authority to auoh licenses to use the
radio spectrum will expire. Deciding whether to extend
that authority is but one of the issues related to the FCC
auctions that are now before the Congress. As this
study goes to press, proposals concerning the auctions
are a major feature of several plans to balance the bud-
get by 2002. Some of those plangolve future auc-
tions of portions of the spectrum now allocated for tele-
vision broadcasting and could lead the Congress to cod-
ify or revise the plan recentiynaounced by the FCC
for introducing a new digital TV technology. The Con-
gress may also wish to consider the merits of extending
and applying the lessons of tR€C'sinitial success
beyond the simple assignment of licenses. Just as auc-
tions dlow market forces to dastitute forgovernment
decisions in assigning licenses, giving licensees more
flexibility in choosing the services to offer and technol-
ogies to employ on their assigned frequencies would
give market forces a larger role ithogating spectrum
to different uses. Markidte incentives could also be
applied to managing the spectrum frequencies reserved
for federal use.

The pursuit of economically efficient use of the
radio spectrum is complicated by the problem of cur-
rent rights holders, who could suffer losses under some
policies intended to increase the social value of the
spectrum. Because the most valuable frequencies are
already allocated to current uses and licensed to current
users, many of the opportunities to employ the spec-
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trum more efficiently involve displacing those uses and
users. In some cases, the costs of such deplents
would be widely spread among consumers of popular
radio services, who have invested in equipment that
could be rendered useless by reallocating frequencies to
new uses. Equitable treatment of such rights holders
and consumers has been a factor in recelibcations

of parts of the radio spectrum and is likely to be a diffi-
cult issue in future reallocations, such as the introduc-
tion of digital television broadcasting.

As in the allocation of many other resources, unfet-
tered market forces may, in certain circumstances, fall
short of efficiently distributing resources among com-
peting uses. The use of the spectrum to provide public
goods, such as nahal security, and the failure of the
market to capture the full social value of some radio
services, such as amateur radio, are two factors that
limit the efficiency of allocations determined by the
market. Consequently, maintaining somemeants of
the current system of spectrum management that re-
strict the use of certain frequencies and that limit the
property rights of license holders may be consistent
with the overarting goal of maximizing the social
value of the spectrum.

Background

The radio "spectrum"” is a conceptual tool used to orga-
nize and map a set of physical phenomena. Electric and
magnetic fields produce waves that move through space
at different frequencies, and the set of all possible fre-
guencies is called the electromagnetic spectrum. The
subset of frequencies from 3,000 cycles peorsa&do

300 bllion cycles per secordor 3 kilohertz (kHz) to
300gigahertz (GHz+-is known as the radio spectrum.

The radio spectrum has value because the right to
use it is necessary in the production of wireless commu-
nications services, which are increasingly valuable to
individual consumers and society at large. The national
system of spectrum management, called bldidca:
tion, arose in the 1920s and 1930s in response to
emerging radio technologies. Under that system, blocks
of frequencies are allocated for specific uses and li-
censed, or assigned, to specific users. The Federal
Communications Commission has jurisdiction over the
spectrum except for the portion used by the federal

government; the National Telecommunications and In-
formation Administration (NTIA), an agency of the
Department of Commerce, has managerial responsibil-
ity for federal frequencies. Since radio waves do not
recognize international boundaries, the United States
coordinates its use of the radio spectrum through inter-
national planning activities under the direction of the
International Telecommunications Union.

In the early days, allocations to specific radio ser-
vices and license assignments to individuals were made
on a first-come, first-served basis. Under the Radio
Act of 1927, the congrative hedang became the pri-
mary mode of assigning licenses. Contending appli-
cants for a license slot would make their case to the
FCC in terms of the public interest standard, an impre-
cise notion that use of the publicly owned spectrum re-
source should be granted to the parties tloaidvmake
the best use of it from society's point of view. In the
case of radio and television, the standard might include
adherence to programming norms. In the case of mo-
bile communications services, it might measure the fi-
nancial and technical capacity of an applicant to deploy
a service rapidly and offer it to the public.

The shortcoming of congpative heangs in as-
signing licenses became incrigggy evident as more
applicants sught the right to use aque of the radio
spectrum. Hearings were time consuming and expen-
sive, and after some point, the public interest standard
offered no means for sepdrgf claims of equal merit.

In 1983, the commissn used lotteries to assign some
of the first licenses allocated for cellular telephone ser-
vices. Problems with that approach soon became clear.
The commission was swamped with applications for
each new licensing opportunity. More important, the
value of the right to use the radio spectrum was pub-
licly revealed. Applicants who were lucky enough to
have their number come up in the lottery reaped wind-
fall profits in the tens of millions of dollars solely on
the basis of chance.

OBRA-93 granted the FCC thiglint to assign li-
censes by competitive bidding, in part tanedy the
problems with comparative héags and lotteries and
in part to generate regas to reduce theuuolget deficit.
Despite being hatched in the budgetary venue, the law
permitting theFCC to asign licenses by auction made
clear that revenues were not to be the sole or most
prominent consideration iramying out the law. The
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FCC ould use auctions only to assign licenses for
nonbroadcast services available on a subgonifasis

and could not consider revenues in allocating frequen-
cies for one service or another. Moreover, the commis-
sion was directed to make special provision in its auc-
tions to ensure that rural telephone companies, small
businesses, and businesses owned by women or minori-
ties (referred to collectively as designated entities) were
successful in obtaining licenses. Finally, the commis-
sion's auction authority was limited to five years, end-
ing on September 30998.

FCC Auctions to Date

Through Januar$997, the=CC had corloded 12 auc-
tions of licenses to use thedia spectrum (see Sum-
mary Table 1 for an overview of selected auctions).
The auctions of licenses permitting new paging ser-
vices, or narrowband personal commitations services
(PCS), yielded thhighest prices, measured on the basis
of average dollars per person, per megahertz (MHz) in
the license area. But the sale of licenses for the next
generation of mobile telephone serviedsoadband
PCS—involved wider bands of spectrum and accounted
for $20.3 lilion in winning bids, or just under 90 per-
cent of the total winning bids offered in the auctions to
date. Even auctions that did not raise large amounts of
money demonstrated that the market could be used to
assign licenses.

Designing an auction to assign tRES licenses
was the FCC's major task when it was granted the au-
thority to use competitive bidding. To accomplish that
task, the commission had to balance the traditional goal
of auction desigr-awarding licenses to the parties who
value them mostwith sometimes conflicting legal re-
guirements and goals of telecommitations policy.
The law required that designated entities win licenses
and participate in providing new wireless telecommuni-
cations services. A goal of telecommunications policy
—establishing competitive markets for serviees-
quired the commission to limit the participation of in-
cumbent providers of mobile telephone services in cer-
tain markets, even if those providers might value a li-
cense more than other potential bidders.

The FCC #Hocated the frequencies f&CS into
different bandwidths and then subdivided them into

service areas of different geographic sizes. Those deci-
sions made it easier to reach some goals but compli-
cated the goal of achieving an efficient distribution of
licenses in at least one important respect: some bidders
were likely to place a higher value on a specific license
if they were assured of winning other specific licenses.
Such complementarities @amg items sold at auction
presented more than theoretical problems. Simple and
time-tested auction desigrfor example, an ascending
-bid sale of each license, one after anetiveere un-
likely to meet the goal of distribuy licenses effi-
ciently. Ultimately, the commission chose an innova-
tive but untested approaela simultaneous multiple-
round auction. That design kept all of the licenses in a
particular sale open for bid until no higher bid was
made for any license. Bidders could make offers that
took account of the higher value of groups of licenses
with some assurance that they could win each one they
needed to put together a package of complementary
licenses.

The available evidence sugge that theFCC's
choice of auction forms for tHeCS and other auohs
worked out well, for the most part. Assigning licenses
by auction has probably cost both the private sector and
the government less than coangtive hedngs or lot-
teries. The auctions raisedbstantial ecepts for the
federal government and arguably distributed licenses to
the bidders who most valued them. Designated entities
did indeed win licenses, and the competition in the auc-
tion reserved for small businesses was so strong that
participants bid away the credits offered to them, result-
ing in higher federal ecepts. The simultaneous
multiple-round auction form did not collapse from its
own complexity, contrary to some pessimistic predic-
tions, and it allowed winning bidders to assemble com-
plementary ollections of licenses.

On a less positive note, the FCC's effort to ensure
that small businesses have the opportunity to partici-
pate in markets for new telecommunications services
may have led some of them to bid too much for their
licenses. In the C block auction of licenses for provid-
ing mobile telephone service, in which only designated
entities could participate, theCC dlowed winning
bidders to pay off their bids in installments over 10
years, with interest-only payments for six years at low
interest rates. Immediatelglfowing that auction, two
bidders defaulted on their offers. A reaoitof those
licenses went smoothly, and winning bidders paid
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roughly the same amuint as the original bidders did. In
September 1996, however, two otheinmers were
headed for default. As this study went to press, the
second-largest winning bidder in the C block auction,
Pocket Communications, was seeking protection under
Chapter 11 of the U.S. Bankruptcy Code, and the status
of its $1.3 billion debt to the government on the 43 Ii-
censes it won at auction is uncertain. Some observers

argue that the incentives were too generous. If that is
the case, and a large number of winning bidders default
on their commitment, the auction cannot be credited
either with an economically efficient distribution of li-
censes or with furthering the objective of ensuring des-
ighated entities a role in providing new telecommunica-
tions services.

Summary Table 1.
Selected FCC Auctions

Total Winning Spectrum
Bids Net Value
of Discounts (Dollars
(Millions per person,
Auction What Was Sold of dollars) per MHz)
Narrowband Personal Communications Services
National 10 licenses, comprising a total allocation of 0.7875 MHz subdi- 617 3.12
(July 25-29, 1994) vided into three different-sized bandwidths, that allow the licensee
to provide enhanced paging services on a nationwide basis.
Regional 30 licenses, covering a total allocation of 0.45 MHz subdivided 393 3.46°
(October 26, 1994- into six parcels of frequency and five regions, that allow the
November 8, 1994) licensee to provide enhanced paging services.
Broadband Personal Communications Services
A&B Blocks 99 licenses, covering a total of 60 MHz subdivided into two 7,736 0.51
(December 1994- 30-MHz bandwidths in each of 51 major trading areas (MTAS),
March 1994) that allow the licensee to offer mobile voice and data communi-
cations. The FCC'’s preexisting pioneer’s preference policy led
to three of the 102 licenses being assigned outside the auction.
C Block 493 licenses of 30 MHz each, available in each of 493 basic 10,248 1.352
(December 1994- trading areas (BTAs)—subsets of the larger MTAs—that allow
May 1995, and the licensee to offer mobile voice and data communications.
July 3, 1995)° Participation in the auction was limited to designated entities—
small businesses and businesses owned by women or
minorities. Defaults by winning bidders in the initial sale
required a reauction of 18 licenses. Additional defaults may
require other reauctions in the future.
D,E&F Blocks 1,479 licenses, covering a total of 30 MHz subdivided into 2,517 0.332
(August 1995- 10-MHz bandwidths and 493 BTAs, that allow the licensee
January 1997) to offer mobile voice and data communications. The F block

was restricted to designated entities.

SOURCE: Congressional Budget Office based on data from the Federal Communications Commission.

NOTE: MHz = megahertz; kHz = kilohertz; n.a. = not applicable.




SUMMARY Xiii

the current-law estimate. The comparable estimate by

Future Auctions the Administration i$36.1 tillion. To close the differ-
ence between the two estimates, the Administration has

CBO projects that under current 1a$49.0 hllion in added a fail-safe policy involving a fee imposed on tele-

FCC audbn recepts will flow to the Treasury between vision broadcasters that would be triggered if actual re-

1997 and 2002. The president's budgetary proposal for ceipts fell short of that anunt. CBO estimates that
1998 includes basic policies that CBO estimates would those fees would add $9.4 billion to tleeepts gener-
increase FCC auoh recepts by $24.3 itlion above ated by the basic policies, bringing its estimate of total

Summary Table 1.

Continued
Total Winning Spectrum
Bids Net Value
of Discounts (Dollars
(Millions per person,
Auction What Was Sold of dollars) per MHz)
Other Services
Interactive Video and 549 licenses available on a local basis permitting the user to 249 n.a.
Data Services offer a return link to be coordinated with cable or broadcast
(July 28-29, 1994) television for services such as home shopping and banking.

Sale provided less than nationwide coverage, because
licenses for a number of major markets were already assigned.
Postauction defaults will require a reauction in 1997.

Direct Broadcast
Satellite Slots

At 110 degrees west A license permitting the use of 28 channels with full coverage 682 n.a.
orbital location of the continental United States.
(January 24-26, 1996)

At 148 degrees west A license permitting the use of 24 channels with only partial 52 n.a.
orbital location coverage of the continental United States.
(January 24-26, 1996)

Multipoint Distribution 238 local licenses allowing the holder to offer a type of broad- 216 n.a.
Service cast television in very small areas. The service is called

(January 1996- wireless cable because—like its namesake, wired cable

May 1996) television—it can offer a large number of channels (33 currently,

more than 100 in the future). Licenses auctioned account

for only a fraction of the population/channel coverage provided
by all of the spectrum allocated for the service, most of which
was already assigned.

Specialized Mobile 1,020 licenses that allow the holder to provide mobile voice and 204 n.a.
Radio data services. The licenses account for only a fraction of the

(December 1995- population/channel coverage provided by all of the spectrum

April 1996) allocated for the service, most of which was already assigned.

a. Uncorrected for installment payments at subsidized interest rates.

b. Consolidated results of the C block auction and the subsequent reauction of licenses on which winning bidders defaulted.
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spectrum-related auctioraepts in the 1998 tdget
plan to $33.7 itlion.

The basic policies in the President’s plan can be
divided into two parts as they pertain to licenses to use
the radio spectrum. (A third part, beyond the scope of
this study, concerns the auction of tiote telephone
numbers with the prefix 888.)

First, the President's plan would extend FI@C's
authority to auction licenses beyoh@98 and broaden
that authority to include most types of exclusive-use
licenses issued to private businesses. CBO estimates
that enacting that part of the President's proposal would
increase recpts by $6.0 billion fol998 though2002.

A second part would direct tHe&CC and the NTIA to
reallocate234 MHz of spectrunander 3 GHz to new,
high-value services and auction the licenses permitting
use of those frequencies. CBO estimates that the di-
rected reallocations and auctions in the President's bud-
get would add$17.6 lilion to recepts for 1998
through2002. (The 888 numbers acmt for the re-
maining $0.7 billion estimated for the President's plan.)

Two premises underlie those estimates. The first is
that finding canmercially attractive frequencies to li-
cense by auction is difficult. The radio spectrum is al-
ready fully allocated to services and users. Some parts
of the spectrum are lightly used and could be reallo-
cated at relatively low cost, but very few such bands are
available in commercially attractive frequencies and
locations. To make significant amounts of spectrum
available for auction, therefore, tR€C or the NTIA
must reclaim frequencies already in -aselaborious
process raising questions of economic efficiency, social
benefits, and fairness. Since the agencies are unlikely
to initiate such a process on their own, most legislative
proposals seeking po$898 ecepts comprable with
those obtained in the early auctions have prescribed the
amount and type of spectrarand sometimes the spe-
cific frequencies-that must be reallocated.

The second premise is that the prices paid for FCC
licenses for even the most souglfter spectrum will
fall from the levels paid in the early auctions. CBO
foresees a drop in prices for several reasons. One is the
diffusion of digital technologies that enable spectrum to
be used more intensively, thereby increasing the supply
of spectrum and allowing increased competition that

can drive down both consumers' prices and providers
profits. Another is thé&CC's increased emphasis on
both removing regulatorydsriers to competibn and
facilitating competition in allocations for new services.
Rapidly growing demand for new wireless services will
exert upward pressure on the prices paid for FCC li-
censes but is unlikely to offset the downward pressure
of other factors.

Options for Introducing
Digital Television

Digital communications technologies, which are central
to many of the radio spectrum's new uses, also create
new opportunities and challenges in using the spectrum
for television broadcasting. Auctions could be used in
different ways to increase the economic productivity of
the frequencies currently devoted to local broadcast TV
and to let taxpayers share in the value created by pri-
vate use of the spectrum.

The new digital system for TV broadcasting will
have two major advantages over the existing analog
system and will therefore allow significant increases in
the economic productivity of the TV spectrum. First, it
will effectively expand the capacity of the 6-MHz TV
channels, allowing each broadcaster to send at any mo-
ment a single high-definition signal with enhanced pic-
ture and sound quality or to send multiple prograims
perhaps as many as six, depending on the nature of the
programs-at today's quality levels. Second, the digital
signals vill be less susceptible to problems with inter-
ference, allowing more intensive use of 42 MHz of
spectrum currently allocated for TV broadcasting. One
key drawback of the new system, however, is that view-
ers will not be able to watch tliggital broadcats with-
out new TV sets or adapters for their old sets.

CBO's analysis of options for introducing digital
TV considers a baseline plaiso designated because it
was the focus of attention during theCC's rule-
making on digital T¥-and five alternatives that were
prominently discussed in 1996. The analysis explores
their implications for efficiency and equity and, where
possible, estimates their likely auctioecepts (see
Summary Table 2).
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Summary Table 2.

Overview of Plans for Introducing Digital TV

Elements Accelerated Use Up-Front Full Overlay
and Effects Baseline Early Return 60-69 Auction Pressler Right-to-Move
Elements of the Plans
Who Gets the Current Current Current Highest Current Current
Licenses broadcasters broadcasters broadcasters bidders broadcasters broadcasters
for Digital TV? willing to
pay deposit
When Does 15 years after 2005 15 years after Upon decision Upon decision Upon decision
Analog TV End? plan starts, plan starts, of individual of individual of individual
subject to subject to analog licensee analog licensee overlay licensee
review review and notifica- and provision and provision
tion of service of free replace- of free replace-
area ment service ment service
How Is the TV 264 MHz for 264 MHz for 264 MHz for 402 MHz for 402 MHz for 402 MHz for
Spectrum (402 digital TV; 138 digital TV; 138 digital TV; 138 digital and general use; general use,
MHz) Allocated? MHz reallocated  MHz reallocated  MHz reallocated  analog TV, none reserved except for
for general use for general use for general use licensees may for TV frequencies
be allowed to locally occupied
offer other by digital TV
services licensees
(average of
80 MHz)
What Gets Frequencies Frequencies Overlay licenses  Digital TV Overlay Overlay
Auctioned? reclaimed and reclaimed and on channels 60 channels licenses licenses
reallocated for reallocated for to 69; other onall TV onall TV
general use general use frequencies frequencies frequencies
reclaimed later
Effects of the Plans
Estimated Auction Not estimated $10 billion in Not estimated $12.5 billion in Not estimated Not estimated
Receipts 2002, given other 1998 if all chan-
provisions of nels are auc-
deficit reduction tioned, or $9.5
plans that billion if non-
would auction commercial
another 120 MHz broadcasters

Main Determinants

of Economic
Efficiency

Efficiency Relative
to Baseline Plan

Licenses digital
TV; eventually
terminates
analog TV and
clears blocks
of spectrum for
new uses

Not applicable

under 3 GHz

Same as baseline Same as baseline

plan except
transition ends
in 2005

Probably more
efficient; net
gain estimated
at roughly zero
to $20 billion

in 2002

plan except
some new ser-
vices start early
on channels 60
to 69

More efficient

are given digital
channels for free

Licenses digital
TV; does not
mandate termi-
nation of analog
TV or clear
spectrum

Unknown

Licenses all TV
spectrum; maxi-
mizes flexibility
of licensees;
does not require
digital TV; pro-
tects free TV but
allows it to move
off the spectrum

Unknown

Similar to
Pressler plan
but requires
digital TV

Probably more
efficient

SOURCE: Congressional Budget Office.

NOTE: MHz = megahertz; GHz = gigahertz.




xvi THE FCC AUCTIONS AND THE FUTURE OF RADIO SPECTRUM MANAGEMENT

April 1997

Under the badime plan, broadcasters would be
loaned additional 6-MHz channels to be used for digital
TV (and for other services at their discretion) during a
transition period in which they would provide both ana-
log and digital TV. Initially, the length of the transition
would be 15 years, but the actual length would be sub-
ject to later review. At the end of the transition, licens-
ees would cease broadcasting analog TV, and the FCC
would reclaim the analog channels, repack the digital
channels closer together on the spectrum, and reallocate
138 MHz of cleared spectrum for new uses. Current
trends in FCC glicy suggest that any portion of the
cleared TV spectrum that was designated fonroer-
cial uses would be allocated flexibly, allowing licensees
to offer a broad range of services.

As this study was going to press, th€C con-
cluded its rule-mking and announced its choice of a
policy for introducing digital TV. That policy resem-
bles two of the alternatives to the baseline plan ana-
lyzed by CBG-the early-return plan and the 60-69
plan, identified collectively in Summary Table 2 as the
accelerated-use plarsind thus tends to share their
advantages and disadvantages (discussed below). Like
the baseline plan, thECC's chosen plan and the

Another alternative to the baseline plan, the up-
front auction plan, would auction the slots for digital
TV directly but allow analog broadcasters to continue
their current operations or, in some versions, to convert
to digital operation after a certain number of years.
Thus, both the identity of thdigital TV licensees and
the continuation or termination of analog TV would be
determined not by government decisions, as in the base-
line plan, but by market forces.

A third set of alternativesthe full-overlay plans-
would offer second channels to current broadcasters, as
in the baseline plan, but would auction overlay licenses
covering the entire TV spectrum. Those plans would
give market forces the opportunity to shift analog chan-
nels to other uses by allowing stations to cease broad-
casting if viewers havecaess to a comparable free re-
placement service, such as paid-for cable TV. The ver-
sion proposed by then-Senatoarty Pressler auld
require broadcasters who want digital channels to pay a
refundable deposit for them bubuld not require them
to use the channels to provide digital TV. Under the
right-to-move variant of theufl-overlay idea, broad-
casters would not have to put up deposits for the digital
channels, and the overlay licensees would be allowed to

accelerated-use plans lend each broadcaster a second move analog TV stations off the spectrum if they pro-

channel during a transition period and subsequently
reclaim the analog channels to clear spectrum for new
uses. The early-return plan and the FCC's chosen plan
differ most significantly from the baseline plan in that
they shorten the transition period, terminating analog
TV at the end of 2005 and 2006, respectively.

The 60-69 plan would keep the baseline timetable
for shutting off analog TV but would hold an early auc-
tion of overlay licenses for the frequencies correspond-
ing to channels 60 to 69, which are relatively lightly
used now. Overlay licenses cover spectrum bands that
have incumbent licensees; they specify rights for both
the incumbents and the newcomers. In this case, the
overlay licensees would havamediate use of the por-
tions of the bands not occupied by TV ®as. They
would also have residual rights to use the occupied por-
tions at the end of the transition period. The plan cho-
sen by the FCC may incorporaterakents of the 60-69
plan: in announcing the plan, the commission said that
it will consider an earlier rdacation of some of the
spectrum in channels 60 to 69 and will give "serious
consideration” toecent proposals that four of those
channels be reallocated for public safety uses.

vide the broadcasters witlartiage on a comparable
service that viewers can watch for free. Consistent with
the Telecommunications Act @P96, the ight-to-move
plan would require the digital channels to be used pri-
marily for TV broadcasting.

CBO has estimated auctioecepts for the early-
return and up-front auction plans. The other plans,
however, involve too much uncertainty (regarding the
markets for spectrum services 15 years into the future
or the details of the requirements for "free replacement
service") to allow for reasonable estimates. The early-
return plan would yield an estimatdO hllion in fed-
eral recepts, based on 138 MHz ibg auctioned and
assuming, as was true of sevet@P6 proposals that
incorporated the early-return plan, that an additional
120 MHz of non-TV frequencies would be auctioned to
help reduce the federal deficit. Using a simple financial
model of the potential profits from digital broadcasting
and a review of the available indirect evidence, CBO
estimates that the up-front auction would yield roughly
$12 hllion if all the digital channels were included, or
$9.5 billion if one-quarter of the channels were ex-
cluded and given to public broadcasters for free. The
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estimates of regets under the two plans should be re-
garded as point estimates surrounded by wide bands of
uncertainty and, consequently, as essentially indistin-
guishable.

Other efficiency and equity implications of the vari-
ous plans are more useful in distinguishing them from
each other. Those implications can be summarized by
two findings that illustrate broaderaimes of this study.
First, the sooner the allocation of spectrum can be re-
vised to better reflect current technological opportuni-
ties and consumer preferences, without imposing dis-
proportionately higher ats, the greater the gain in effi-
ciency. Second, the pursuit of efficiency can involve
difficult trade-offs with the goal of equity to current
spectrum usersin this case, broadcasters and viewers.

Uncertainties and incomplete data preclude a com-
plete ranking of the economic efficiency of the baseline
plan and the above five alternatives, but CBO's analysis
indicates that three of the alternatives are likely to be
more efficient than the baseline plan. CBO estimates
that the early-return plan is likely to be more efficient
because the benefit of its shorter transition period,
which allows valuable new services to be introduced
sooner, probably outweighs the highestsao viewers
for replacing or adapting their analog TV sets. The 60-
69 plan can be expected to be more efficient because it
allows vacant portions of that band of channels to be
put to productive use perhaps a dozen years earlier.
The right-to-move plan carries that idea even further by
quickly issuing overlay licenses for all of the TV spec-
trum, not just for channels 60 to 69. Consequently, it
too is likely to be more efficient than the baseline plan,
although its reliance on overlay licensees rather than
government rgulation to clear spectrum blocks of effi-
cient size could be a disadvantage.

The other two plans could be more or less efficient
than the baseline plan, depending on the importance of
some market imperfections. The-fipnt auction plan
is likely to yield more efficient dedisns about how
long analog TV continues, but it provides mecha-
nism to overcome the coordination problems and nego-
tiation costs that the market would encounter in clearing
blocks of spectrum. The Pressler plan shares with the
right-to-move plan the efficiency advantage of licensing
all of the TV spectrum. It does not, however, require
that the digital channels be used for TV, and market-
place choices on that score may be inefficient because

the prices of broadcast stations are based only on their
value to advertisers, neglecting their additional value to
viewers.

The various plans would have different implica-
tions for the benefits and costs to current broadcasters
and viewers. Some critics of the baseline plan have
argued that granting the broadcasters the use of a sec-
ond channel for roughly 15 years would be an unwar-
ranted windfall, especially if subsequent policy changes
allowed them to keep both sets of channels indefinitely.
The alleged windfall would be equally large under the
60-69 plan, possibly smaller under the right-to-move
plan (because it would allow overlay licensees to move
broadcasters off the spectrum by paying their relocation
costs), and smaller, if not eliminatad)der the early-
return plan. Conversely, one could argue that the up-
front auction and Pressler plans are unfair to broadcast-
ers: the plans would allow broadcasters to keep their
analog channels indefinitely but would require them to
bid at auction or pay a deposit if they want a second
channel. (Under the Pressler plan, a broadcaster could
keep both channels but would lose 20 percent of its de-
posit for each year after 15 that it did so.) Such a shift
away from the long-discussed proposal to lend each
broadcaster a second channel would diminish the value
of current TV licenses.

From the standpoint of the effects on viewers, the
baseline and 60-69 plans have the advantage of allow-
ing a relatively long transition period during which ana-
log TV sets could be replaced or adapted. The transi-
tion period under the early-return plan would be less
than nine years if the alog channels went off the air
by the end of 2005, or less than 10 years in the version
chosen by the FCC. The conted survival of analog
TV would be determined by market forces under the
other three plans. The two full-overlay plans would
guarantee congrable free reptzement service for ana-
log stations that go off the air, but they do not specify
the details of such service. Assuming that those details
can be worked out, none of the six proposals are likely
to threaten the existence of free (that is, advertiser-sup-
ported) broadcast TV. Proponents of the baseline plan
frequently argue that the up-front auction plan would
pose such a threat, but CBO's analysis sstggehat
free TV would be the most profitable primary use of the
digital channels. In any event, the Congress or the FCC
could stipulate that some or all of the capacity of the
licenses to be auctioned be used for that purpose.
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Issues in Spectrum
Management

In recent years, theCC has attempted to increase the
efficiency of spectrum use by moving away from its
traditional role of allocating and assigning spectrum
and, instead, allowing more market-driven processes to
perform those tasks. Encouraging market memegt

of spectrum through enhanced property rights allows
the spectrum users, who possess the relevant informa-
tion, to wegh the relative demands on spectrum and
make the decisions about how to use it.

Some observers claim that more extensive use of
market principles in managing the spectrum can further
enhance its efficient use. In particular, reforms could
increase the control licensees have over their spectrum,
place more spectrum under market managnt, and
introduce marketlike incentives in the maeagnt of
federal spectrum. Generating those gains through en-
hanced property rights rests more on the degree of con-
trol spectrum licensees have over their spectrum than
on formal ownership.

Both economic theory and the available evidence
suggest thagiving market forces a larger role in man-
aging the spectrum could lead to large gains in eco-
nomic efficiency. Moreover, those gains would be
widely shared by consumers and providers. The pres-
ence of various market imperfections and equity con-
cerns, however, may make it desirable to temper the
pace or degree with which market forces are allowed to
manage the spectrum. For example, consumers could
lose some benefits of services that have the attributes of
a public good (such as amateur radio) or be forced to
buy new equipment they would otherwise not need to
purchase. Also, some current providers could face re-
ductions in profits or increased costs of afitey rights
to use spectrum.

The FCC has already started to aohuce greater
property rights in spectrum. To continue further, with-
out relinquishing its current oversight responsibilities,
the FCC ould establish a presumption of flexibility
that would allow licensees more freedom to modify or
augment the services they offer and to select the tech-
nologies they use to gvide those services. The FCC
could also experiment with alfer set of rights, known

as band managemerghts, that give private entities
the right to make the allocation decisions nhow made by
the FCC. The private control of spectrum could be
moderated by issuing licenses for a limited time with
the expectation that they would be auctioned when they
expire. Limiting the terms of licenses may reduce the
gains in efficiency that allowing more private manage-
ment of the spectrum would bring. In some cases, how-
ever, such limits could serve as a kind of insurance
against unforeseen problems that could undermine effi-
ciency.

For market management to be effective, current or
potential users must have control over the spectrum
they use. Bands of spectrum devoted to shared, unli-
censed, and public safety uses, however, are not li-
censed to any exclusive entity to which increased con-
trol could begiven. One possible solution to that prob-
lem would be for th&CC to transfer the responsiity
for managing shared and unlicensed bands of spectrum
to associations of users. The commission could also
transfer control over the current public safety bands to
the states, which presumably are better placed to assess
their own spectrum needs.

Overlay licenses are another tool for assigning con-
trol to bands of spectrum containing frequencies for
which no rights have been assigned, such as guard
bands or unused spectrum around fixed-point to fixed-
point uses. Although overlay licenses can put unused
spectrum to productive use quickly, the division of
rights between new and old licensees can raise ques-
tions of equity. In allocating broadbaR&€S spectrum,
the FCC dealt with that issue biving the new licens-
ees the right to relocate the incumbent licensees but
delaying that right three to five years.

Federal users of spectrum operate in a world that is
insulated from many of the market forces that private
users face, or could face after reforms. Nonetheless,
some market-based incentives could be introduced into
federal spectrum managementliiing direct private
reimbursement of public relodan ccsts, private man-
agement of bands of public spectrum, purchase of com-
mercial telecommunications services, and the lease or
sale of federal spectrum to and from both public and
private users. Such reforms are likely to improve the
efficiency with which the federal bands are used. Those
reforms, however, are untested and could have unin-
tended consequences.
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In a climate of increasing urgency, the Congress is
examining whether to extend tREC's augbn author-
ity and whether to make greater use of other market
mechanisms in magang the radio spectrum. The de-
mand for wireless services is growing rapidly. Digital
technologies and the worldwide nesaent toward de-
regulation, punctuated in the United States by the pas-

sage of the Telecommunications Acti®&96, wll alter

the most basic conditions of supply and demand in all
telecommunications markets. Those factors increase
the benefits of allocating spectrum efficiently among
uses and users and, conversely, increase gte cb
failing to take advantage of the opportunities presented.






Chapter One

Introduction

he Omnibus Budget Reconciliation Act of
I 1993 (OBRA-93) gave the Federal Communi-
cations CommissiofFCC) the authority to
use competitive bidding, or auctioning, to assign certain
types of licenses to use the radio spectrum. The radio
spectrum is the part of the electromagnetic spectrum
that can be used for communications. The right to use
the spectrum airwaves is an indispensable ingredient in
producing such gomercial poducts as mobile tele-
phone service and television broadcasting and such
government services as law emement and nanal
defense. For nonfederal uses of the radio speetrum
that is, use by state and local governments and private
entities—the FCC #Hocates frequencies to specific uses
and then assigns licenses to specific parties. The Na-
tional Telecommunications and Information Adminis-
tration (NTIA), under the Department of @merce, is
responsible for the same managemerivities for fed-
eral uses.

The Congressional Budget Offit€BO) estimates
that FCC auabns conducted betwedr®94 and 1998
will yield $27.0 billion in ecepts to the Treasury. That
large sum helps explain why FCC d@ans have been
prominent in the multiyear budget plans offered by both
the Administration and the Congress étent years.
Currently, CBO estimates that provisions concerning
the auctions in the President's budget planlf®8
would increaseacepts by $24.3 itlion between1998
and 200Z2. The possible use of @ms$, and the con

1. The Administration’s estimate of the receipts from the basic policies
included in the budget is $36.1llion. A fail-safe policy involving a
fee imposed on television broadcasters that would be triggered if actual
auction receipts fell short of the Administration’s estimate would, by
CBO’s estimate, add $9.4 billion to theeipts generated by the basic

sequences for fairness and efficiency, has also become a
high-profile issue in the debate about how to move
from the current analog technology for television broad-
casting to a new, technically superior digital technol-

ogy.

A recurring tleme in discusens about the FCC
auctions has been the relation between the budget and
telecommunications policy. Some observers believe
that auction ecepts can comtue to make a significant
contribution to efforts to reduce the federal deficit and
that pursuing suchecepts $ould be a primary goal of
spectrum policy. Adherents of that view argue that
auctioning spectrum licenses is typically good spectrum
management as well geod budget policy and that the
importance of reducing the deficit justifies modest devi-
ations from ideal spectrum management when the two
goals do not coincide.

For various reasons, other observers contend that
maximizing receits from FCC audbns is generally
inconsistent with aund managment of the spectrum.

In their view, the importance of telecommunications
services to the economy requires that auctemeipts

take a backseat to managing the spectrum. Some of
those skeptics suggest that the auctions have, as they
warned, shut the door on small entrepreneurs who
would like to provide new telecommunications services.
Others emphasize that the quest for easy revenues
could lead to bad futurénoices about how to allocate
the spectrum. As evidence that budget issues are com-
ing to dominate spectrum policy, they point to the pro-

policies. Accordingly, CBO’s estimate for total spectrum-related re-
ceipts in the budget plan is $33.iflibn.
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vision in a ecent appropri&n act requiring the FCC
to auction frequencies that it had previously allocated to
a new satellite-based radio service.

A third group of observers agree with the skeptics
that auction ecepts $ould be secondary to spectrum
management but are morengaine about the results of
the auctions to date. In their view, the auctions have
demonstrated that market mechanisms can manage the
spectrum better than government planning and have
thereby strengthened the case for new policies that
would give market forces a larger role in allocating the
spectrum among different services and choosing the
technologies to be used ingpiding those services. For
those observers, the success of the FCC's earlgmsict
is well timed because the current approach to spectrum
management could be overmatched by the challenges of
improved telecommunications technologies, the im-
pending transition to a new television broadcasting sys-
tem, and the quickening pace of deregulation in the
larger telecommunications markets that is expected to
follow the Telecommunications Act @B96.

In light of the general policy discussion provoked
by the FCC auctions, examining auctions as a source of
future recepts, as a glicy instrument useful in moving
to advanced television, and as a point of departure for
reforming the system of spectrum maegnt seems
in order.

An Overview of Auctions
and Spectrum Management

Since the 1920s, in the wake of discoveriesiandva-

tions by Maxwell, HertzMarooni, and de Forest that
made the radio spectrum a valuable resource, the fed-
eral government has faced the question of how compet-
ing desires to use the spectrum should be resolved. The
traditional answer is to allocate specific blocks of fre-
guencies for specific uses. Because radio waves do not
recognize international borders, allocations are coordi-
nated internationally through the International Telecom-
munications Union at periodic gatherings called World
Administrative Radio Conferences. After a block of
spectrum is allocated for a service (or services) whose
users might otherwise interfere with each other, specific

parties are assigned licenses that convey rights to use
bands of frequencies within the block.

The Spectrum Resource

The radio spectrum does not exist as a physical object;
rather, it is a conceptual tool used to organize and map
a set of physical phenomena. Electric and magnetic
fields produce waves that move through space at differ-
ent frequencies (defined as the number of times that a
wave's peak passes a fixed point in a specific period of
time), and the set of all possible frequencies is called
the electromagnetic spectrum. The subset of frequen-
cies from 3,000 cycles per seal to300 hllion cycles

per secondor 3 kilohertz (kHz) to300 gigahertz
(GHz)—is known as the radio spectrum (see Figure 1,
which shows the frequencies allocated to some of the
most common radio services). Electromagnetic waves
above 300 GHz mduce infrared radiain, visible
light, X-rays, and cosmic rays; those below 3 kHz pro-
duce sonic or ifnlasonic waves.

The radio spectrum is a limited but instantly renew-
able resource. It is subject to congestion, in that signals
that overlap in time, location, and frequency may inter-
fere with each other, but turning off the signals restores
its original capacity to support telecommunicatidns.
As technologies have improved, theamt of informa-
tion the spectrum can carry has growidvances in
three types of technologies are responsible for the re-
cent dramatic growth:

o0 New transmitters and receivers are facilitating the
use of frequencies above 3 GHz.

New modulation techniques, going beyond the fa-
miliar amplitude modulation (AM) and frequency
modulation(FM) to such métods as quadrature
amplitude modulation and spread-spectrum modu-

n

Electromagnetic sonic waves are so named because they have the same
frequencies as ordinary sound waves. The latter, however, are pro-
duced by vibrations in air (or water, or another material medium), not

by electromagnetic fields.

w

Low-level interference from diffuse sources is harder to shut off and

can be viewed as a form of pollution. Increases in background spec-
trum noise, resulting in part from incidental sources such as automo-
tive ignition systems, computers, and fluorescent lights, can raise the
power requirements, and hence the costs, of using the spectrum.
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Figure 1.
The Electromagnetic Spectrum

SOURCE: Department of Commerce, National Telecommunications and Information Administration, United States Frequency Allocations: The
Radio Spectrum (March 1996).

NOTES: Frequency scales are logarithmic. Hz = hertz; kHz = kilohertz (1,000 Hz); MHz = megahertz (1 million Hz); GHz = gigahertz (1 billion Hz).

In the radio spectrum, only the largest blocks of use are shown; frequencies not shown are allocated to various other fixed and mobile
communications services. Dotted lines indicate that use does not occur on all frequencies within that range.
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lation, are increasing the efficiency with which sig-
nals can be transmitted over a band of frequencies.

o0 Advances indigital coding and compression are
allowing information to be represented by shorter,
more compact signals. Digital representations of
information require more spectrum than traditional
analog representations, all things being equal.
They can, however, be processed to abbreviate, or
compress, the less informative parts of a data
stream, such as the momentary pauses between
words in a telephone conversation or the static im-
ages of a news anchor's desk. Moreover, informa-
tion transmittedligitally also tends to be less sus-
ceptible to interference and therefore reduces the
need for buffer zones of unused spectrum.

The combined effect of those technological advances
may be a new era in wireless communicatieasd a
challenge to policymakers to provide an appropriate
legal and regulatorframework?

Historical Background

Like other countries, the United States has treated the
spectrum as a public resource. Initially, the government
distributed rights for private use on a first-come, first-
served basis. In fact, in the very earliest days of com-
mercial use of the spectrum, which began with the
broadcast of Pittsburgh sitmt KDKA on November 2,
1920, the Secretary of @unerce issued licenses to all
applicants, restricting only the frequency, location, and
time of broadcast. A vibrant market for radio licenses
developed, and the courts began applying common-law
standards in creating a system of property rights for the
radio spectrum. In April 1926, however, the courts
found inUnited States v. Zenith Radio Cotpat the
Secretary of Commerce had no legal basis for restrict-
ing radio licenses. In the absence of the previous re-

4. Office of Technology Assessmemireless Technologies and the
National Information Infrastructur¢August 1995), Chapters 3-5;
and Dale Hatfield, "The Technology Basis for Wireless Communica-
tions," in Institute for InformationThe Emerging World of Wireless
CommunicationgQueenstown, Md.: Institute for Informatiat996),
pp. 49-90.

5. Thomas Hazlett, "The Rationality of U.S. Regulation of the Broadcast
System,'Journal of Law and Economicsol. 33, no. 1 (April 1990),
pp. 143-152.

strictions to ration and coordinate use of the airwaves,
chaos soon resulted.

The Federal Radio Act df927 supplied the legal
authority the government needed: the act declared the
radio spectrum a public resource and created the Fed-
eral Radio Commission, which was charged with the
responsibility of regulating the spectrum by assigning
licenses. The act also introduced the public interest
standard-a concept that endures to the presentday
requiring that licenses to use the spectrum be assigned
on the basis of "public interest, convenience,ames-
sity." Subsequently, the Federal Communications Act
of 1934 gave the regulatory duties of the Federal Radio
Commission to the Federal Communications Commis-
sion for manging the nonfederal portion of the spec-
trum and broadened its regulatory purview to include
wire-based forms of electronic communications as well.

The 1934 act reserved for the President the task of
managing the federal portion of the radio spectrum and
left the division of frequencies between federal and
nonfederal use to be determined by negotist be-
tween the FCC and the President or hisgieded man-
ager. By designation of the President and the Secretary
of Commerce, the N@ihal Telecommunications and
Information Administration manages the federal spec-
trum, allocating and assigning licenses to federal users.
In carrying out those functions, the NTlAceives ad-
vice from the Interdepartment Radio Advisory Commit-
tee, which includes representatives from the most active
federal users of the spectrum.

Initially, the FCC granted licensemder its juris-
diction on a first-come, first-served basis except when
more than one applicant sought the same license. In
those cases, the commission used @adjve hedngs
and the public interest standard to decide among the
competing applicants. Coragative hedngs give ap-
plicants seeking a mutually exclusive license a forum to
argue why they should be awarded the license. They
also allow other interested parties to present evidence
for or against any of the applicants.

Comparative he@irgs were increasingly criticized
for being overly political and time consuming, particu-
larly as a means to assign licenses for nonbroadcast
services, for which use of the license to provide content
consistent with the public interest was not at issue.
Critics argued that selections among applicants that
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otherwise met the standards for acceptable licensees
were often based on insignificant and aeyiy differ-
ences, or even pure political favoritiSm. They also ob-
served that the hearing process frequently took months
or even years, delaying the public benefits of the service
to be licensed.

Recognizing the problems with coamative hear-
ings, the Congress enacted legislatioh982 that gave
the FCC the authority to d@gsa licenses by lottery. The
theory behind the use of lotteries was that they would
assign licenses quickly and that it did not matter which
applicant, among thosmeetng certain minimum re-
guirements, was awarded the license. In practice, that
mechanism proved unsatisfactory. Many license win-
ners reaped large windfalls by quickly selling the li-
censes to others, which encouraged a huge number of
applications from speculators. TREC received more
than 60,000 applicains for licenses to provide data
transfer services, and nearly 400,000 fdlutz tele-
phone licenses. Suclodds of applications eroded the
savings expected in time and administrative cost.

Auctions

OBRA-93 included provisions that amended the Fed-
eral Communications Act df934 and authorized the
use of auctions to assign licenses when more than one
applicant wanted a license to provide a telecommunica-
tions service on a subscription or fee-for-service basis.
Auctions were expected to have three advantages.
First, the requirement to pay for a licenseuld dis-
suade thousands of speculators from applying and
would thus reduce the time and cost involved in distrib-
uting licenses. Second, auctions would capture part of
the value of the spectrum for the federal Treasury:
windfalls obtained by speculators who participated in a
lottery solely in hopes of reselling a license in the sec-
ondary market wuld instead go to the public. Third,
auctions would promote efficiency by ensuring that li-

6. Thomas W. Hazletfhe Political Eonomy of Radio Spectrum Auc-
tions Working Paper 1 (Davis: University of California, Institute of
Governmental Affairs, Program on Telecommunications Policy, June
1993), pp. 25-28.

7. John McMillan,“Why Auction the Spectrurh;Telecommunications
Policy, vol. 19, no. 3 (April 1995), p. 192.

censes were assigned to the applicants who valued them
most.

After the first three years of experience with auc-
tions, uing competitive bidding to assign licenses to
use the radio spectrum has clearly achieved the limited
objectives of distributing licenses promptly and captur-
ing recepts for the federajovernment. Additional
analysis is required, however, to evaluate how well auc-
tions have served the momnflamental goals of spec-
trum management.

Goals of $ectrum Policy

The radio spectrum is of policy interest primarily be-
cause of its role in providing communications services
that people value. Accordingly, thecsess of auctions

as a mechanism for assigning licenses must be judged
largely on how well they promote society's goals in the
markets for those services. Those goals can be summa-
rized as efficiency (the total benefits to society) and
equity (the fairness with which the benefits are distrib-
uted). At times, the two goals may conflict, forcing
policymakers to choose among alternatives that achieve
efficiency and equity in varying degrees.

Auction recepts and the public interest are some-
times cited as additional, distinct policy goals. From
the economic point of view, however, those objectives
are desirable precisely to the extent that they improve
efficiency and equity. For example, aucti@teipts
that are used to reduce the federal deficit can improve
efficiency if they help to raise a low rate of national
saving, or they can promote equity if they reduce un-
warranted interest ets to future taxpayers. In prac-
tice, potential auctiorecepts tend to be of sendary
importance in comparing the efficiency and equity of
alternative policies for managing the spectrum. Be-
cause spectrum policy looms much larger as a factor in
the markets for telecommunications services than as an
influence on the overall federal budget, the effects on
those markets typically dominate the comparisons. The
issues discussed under the heading of the public inter-
est, such as diversity of ownership of telecommunica-
tions companies and the social consequences of televi-
sion programming, can also be usefully classified as
guestions of efficiency and equity.
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Efficiency

The goal of economically efficient use of the spectrum
is more easily defined than achieved. Ecomtensay

that resources are allocated efficiently if they cannot be
redeployed to make some people better off without
making anyone worse off. Broadly speaking, then, the
efficiency goal of spectrum policy is to put the frequen-
cies and related resources to their highest-valued uses,
so that no potential gains go unrealized. Both centrally
planned governmentatechanisms (inading compra-

tive hearings and the system of allocating spectrum
uses on a block-by-block basis) and decentralized free-
market approaches (such as auctions) can be employed
in pursuit of economic efficiency. Both types of policy
tools have their limitations, however, and neither can be
expected to yield the ideally efficient solution alone.

Centrally planned (or administrative) mechanisms
have two fundamental weaknesses. First, the informa-
tion needed to identify the spectrunhighest-value
uses is widely dispersed, not collected at any central
repository. Particularly in anngironment of rapid
technological change, what the government knows
about the preferences of individual consumers and the
opportunities available to individual service providers
will probably not be sufficient for it to maximize effi-
ciency by administrative fiat. Second, administrative
processes can be influenced by lobbying, insider deal-
ing, and other socially wasteful activities motivated by
the desire for profitable advantages (rents) resulting
from favorable government decisions. Indeed, some
observers contend that the regulatoaynework grow-
ing out of the 1927 and 1934 laws that established the
FCC has often been used to restrict comipatin mar-
kets for telecommunications services and thereby pro-
tect the profits of licenseés.

Market mechanisms are less centralized tan
ernmental mechanisms: thejjow individual house-
holds and firms to make differenhaices in light of
their own circumstances. Under ideal conditions, indi-
vidual decisions would collectively yield the efficient

8. See, for example, David ColtdBpectrum Privatization: Removing
the Barriers to Telecommunications CompetitiBolicy Study No.
208 (Los Angeles: Reason Foundation, July 1996); anehstait of
Peter Pitsch, Adjunct Fellow, Progress and Freedom Foundation and
Hudson Institute, in U.S. Senatgpectrum Reforphearings before
the Senate Committee on Commerce, Science, and Transportation,
Senate Hearing 104-346 (July 27, 1995).

outcome: spectrum rights would be bought and sold at
prices that correctly reflect resource values, thereby
giving users and potential users the incentive and op-
portunity to put the frequencies to their most valuable
uses. In practice, however, various types of market
failures—known by such names as externalities, public
goods, and transaction caestsan reduce the efficiency

of the pure decentralized approach.

Externalities are effects on third parties that are not
reflected in the price of a market transaction and thus
break the connection between market price and social
value. Congestion of a roadway is a classic example of
an externality, and the same analysis applies to a band
of spectrum: unless users are charged for their contri-
bution to congestion, the result of individually optimal
decisions tends to be inefficient overuse of the resource.
Externalities can be both positive and negative, as illus-
trated by the reputed spillover benefits of televised po-
litical debates and educational programs and by the al-
legedly harmful effects of TV violence. Positive ex-
ternalities seem to be less common, however, perhaps
in part because beneficial effects are generally easier to
incorporate in market prices. For example, recognizing
that the value consumers place on telephone services
increases as the number of other people using those
services grows, a telephone company can structure its
rates to subsidize newcomers and expand its network.

Public goods are those that any number of people
can use or benefit from simultaneously without increas-
ing the total csts of poviding the goods or interfering
with each other's consumption of them. By that defini-
tion, broadcast @io and TV are public goods, as are
national security, public safety, flood control, and clean
air: in each case, what is provided to one person is
available to everyone in the relevant area. The private
sector may provide public goods, as the radio and TV
cases show, but market signals alone need not lead it to
provide them in the efficient quantity. Charging users
of a public good a price and excluding nonpayers from
sharing in its benefit is often impossible or prohibi-
tively expensive, and if the beneficiaries are not
charged-or only some of them are (for example, TV
advertisers but not viewersjhen private providers of
the good canot perceive the correct incentive to supply
it. Even when charging an exclusionary price is feasi-
ble, doing so is inefficient because it needlessly dis-
courages consumption by those for whom the value of
the good is positive but less than the price.
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Transaction csts are the incidental costs of engag-
ing in avoluntary transaction, including theste of
searching for a desired set of product features, negotiat-
ing a price, and onitoring a contract. They can be
viewed as a kind of friction impeding market forces,
preventing some desirable transactions from taking
place. For example, if all rights to use the spectrum
had to be purchased in the marketplace, amateur radio

users and users of such unlicensed devices as cordless

phones and aragedoor openers could be at a disad-
vantage because of the higlst®of organiing them-
selves to purchase the rights collectively. Also, trans-
action costs @uld keep potential consumers and pro-
ducers of a new produesuch as videocassette record-
ers, digital audio tape decks, or digital televisiens
from settling on a single standard that would help con-
sumers accept it. If transactiorst® are large, market
forces alone may be unable to put resources to their
optimal uses, and government coordination may yield
better results. Again, however, problems with the
guantity and quality of available information about con-
sumers' preferences and technological opportunities
make it difficult for government decisionmakers to
know whether any particular intervesm would be effi-
cient in practice.

Equity

Although equity is ultimately a subjective goal, it can
be described as the goal of seeing that all parties are
treated fairly, in accord with what they deserve. The
relevant parties in the context of radio spectrum include
service providers (large and small, spectrum-based and
wire-based, incumbent and prospective), consumers of
various types, and the Treasury. Some equity issues
may hinge only on the fairness of the procedures in-
volved; others may rest more on the fairness of the re-
sulting outcomes.

One of the equity objectives mentioned in OBRA-
93 is that the FCC recover "a gort" of the spectrum
value for the Treasury and avoid "unjust enrichment" of
the licensees. A well-run, procedurally fair auction
yielding what gems to be a fair market price for the
licenses appears to satisfy the Congressional intent be-
hind that language.

OBRA-93 also called on the FCC to ensure that
certain categories of firmsrural telephone companies,
small businesses, and firms owned by women and

members of racial minority groupsvould be able to

win some of the licenses assigned by auction. That pro-
vision reflects a Congressional judgment that the tar-
geted firms, collectively known as designated entities,
face such a disadvantage in their access to capital that
even neutrally fair auction procedures would not bring
about an equitable assignment of licenses.

Similar equity arguments for going beyond proce-
dural neutrality are often made on behalf of groups of
consumers that are considered to have too little clout in
the marketplace. Such arguments support the universal
service program, which ensures affordable tebee
service to low-income and remote rural customers.
They also underpin concern for the survival of low-
power television stations that retransmit signals to dis-
tant rural areas or serve foreign-speaking audiences in
urban areas.

Remaining Questions About
FCC Auctions

In light of the underlying policy goals, a thorough eval-
uation of the initiaFCC audbns and their significance

for the future of spectrum managemembdd go be-
yond the speed of the process and the amount of re-
ceipts generated for the Treasury to thrdditaonal
guestions.

o Did theinitial auctions promote efficiency and eq-
uity in markets for telecommunications services?

o0 Ifthe experience with the initial auctions was posi-
tive, could additional auctions be conducted, and
would they produce equally good results?

0 Does the experience with auctions provide lessons
for spectrum management more generally? In par-
ticular, does it suggest that the block allocation sys-
tem—the context in which licenses become avail-
able to be assignesgshould be changed?

The Effects of the Initial Auctions
on Spectrum Services

An important test for the efficiency of a spectrum auc-
tion is the extent to which it assigns licenses to bidders
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who value them most, and its ability to do so may de-
pend on its design and circumstances. Thus, for exam-
ple, because bidders may value specific collections of
licenses, such as those for a complete nationwide net-
work, it is relevant to ask whether the auctions allowed
optimal groupings of licenses wmerge. Oneauld

also look for evidence that uncertainty about the future
affected bidders' valuations in such a way as to reduce
efficiency. If so, the impact of such uncertainty might
be reduced by changing the auction rules to limit the
terms of the licenses or include some form of profit
sharing or royalty payments as part of the bids.

Another important issue concerning the efficiency
of the initial spectrum auctions is whether their greater
speed in assigning licenses, relative to carafive
hearings and perhaps even to lotteries, will translate
into faster rollout of the licensed services. Some ob-
servers argue that services will be delayed because of
the additional financial burden licensees will face in
paying off their bids.

The initial auctions also raise several equity issues.
Were the auctions competitive enough to avoid unjust
enrichment of the winning bidders? Did the rules give
smaller firms, with less access to borrowed capital, a
fair chance to win licenses? Did they adequately pro-
tect against excessive concentration of ownership in
communications services?

Extrapolating to Future Auctions

As noted above, the apparent success of the initial auc-
tions and the difficult budgetary climate have together
spurred great interest in the possibility of holding more
auctions that could produce additional fedeeakpts.
They have also generated concern that auctiogipts
could become the tail wagging the dog of telecommuni-
cations policy.

Could the FCC continue toqatuce auctioneceipts
of the magnitude seen in the first five years? That
guestion has two parts: Could cosnable arounts of
spectrum be made available for auction, and would li-
censes continue to command prices like those seen to
date? The search for spectrum to auction is compli-
cated because frequencies with commercial potential
are generally encumbered with current users. Auction
prices would be influenced not only by the amount of

spectrum made available but also by technological

change, which can both stimulate demand for spectrum
services and increase the capacity of a given set of fre-
guencies.

Could a marrow focus on maximiag federal re-
ceipts lead to dedmns that undermine efficiency and
equity in telecommunications policy? eéent debates
about new digital television services, for example, have
focused on the appropriateness of assigning digital TV
licenses by auction and on perceived conflicts between
generating ecepts and achigng other policy goals.
More generally, spectrum policymakers could conceiv-
ably undercut emomic efficiency by withholding spec-
trum to keep auction prices high or, conversely, by
shifting too much spectrum to uses for which licenses
could be auctioned and leaving too little for unlicensed
and public uses.

License Auctions and the
Block Allocation System

The current block allocation system is a centralized,

command-and-control mechanism created in the early
days of spectrum use to impose structure and minimize
problems of signal interference between different users.
Does that system adequately serve the goals of effi-
ciency and equity today? Or is it overmatched by the
effects of rapid technological and institutional change

and explosive consumer demand for new telecommuni-
cations services?

License auctions themselves reveal information
about the value of spectrum in the uses being auctioned.
That information may help spectrum managers make
better decisions, thereby possibly maintaining the use-
fulness of the block allocation system. The same infor-
mation, however, can also highlight the gaps in value
between different uses and increase the pressure for
major shifts in the allocation of spectrum. Some ob-
servers argue that keeping the spectrum employed in its
most valuable uses will require modifying, or even re-
placing, the current system.

One view is that the license auctions to date have
shown that the spectrum is better managed by decen-
tralized market forces than administrative means and
that market forces should be given a more direct role in
determining not only who uses spectrum but also how it
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is used. That role might or might not involve ongoing
use of auctions. On the one hand, the government
might manage the spectrum withlighter hand that
allows the private sector more disdvetthan it typi-
cally has today, while still reclaiming frequencies, mov-
ing incumbent users, and aiocting new licenses as
necessary to overcome imperfections in the market. On
the other hand, the government could grant all licensees
full property rights and complete discretion in how they
use the spectrum, eliminating the need for government
auctions once all frequencies have been licensed. Some
observers go so far as to predict that impraligdal
technologies embedded in futueeeivers and transmit-
ters will ensure interferendese wireless communica-
tions, ®lving the problem of insufficient spectrum to
meet demand and kiag licenses to use the spectrum
and auctions to distribute the licenses irrelevant.

Aims of This Study

Many of the above questions about the merits of auc-
tioning spectrum licenses and the future of spectrum
management are difficult to answer. In some cases, the
relevant evidence does not yets#xin others, the diffi-
culty lies in compang actual experiences with might-
have-beens.

Nonetheless, this study attempts to address these
guestions by analyzing existing data, identifying needs
for additional information, and exploring policy op-
tions. In particular, the study examines the results of
the initial auctions for spectrum licenses, the general
prospects for future auctions within the current system
for allocating spectrum, the applicability of auctions to
the case of digital television, and the needs and oppor-
tunities for broader reform of the system for managing
the spectrum.






Chapter Two

Auctions Held by the
Federal Communications Commission

as auctioning licenses to use the radio spec-
H trum been a success? During the many years

of debate before the Federal Communications
Commission was allowed to assign licenses by auction,
opponents leveled a wide range of criticisms and pre-
dicted dire consequences if the FCC wagen such
authority. They feared, for example, that the commis-
sion cauld not design and conduct an auction that did
not break down and disintegrate into years of legal
wrangling and delays in introducing new services. Crit-
ics also expressed more fundamental coneeiorsex-
ample, that the number of suppliers of wireless tele-
communications would dwindle because large firms
with deep pockets would outbid other potential entrants
and warehouse every available megahertz of spectrum.

Federal recgits done, even the billions raised in
the FCC auctions cohuled to date, do not provide suf-
ficient evidence to declare those sales an unqualified
success. The Omnibus Budget Reconciliation Act of
1993, which directed theCC to establish a system of
competitive bidding to assign licenses, also included
other criteria against which to measure the auctions'
success. Too little time has passed, however, to make

1. Federal Communications CommissiBecond Report and OrdePP
Docket No. 93-253, FCC 94-61 (April 20, 1994), p. 4, summarizes
the objectives (in addition to those specified in section 1 of the Federal
Communications Act of 1934) that the commission must seek in estab-
lishing a system of competitive bidding for licenses. Those objectives
include developing and rapidly deploying new telecommunications
services, promoting economic opportunity in the provision of telecom-
munications services, recovering for the public a portion of the value
of public spectrum made available for commercial use, and using the
radio spectrum efficiently and effectively.

such an assessment and to examine the choices that
policymakers have had to make in reconciling the some-
times conflicting objectives of efficiency and equity.
No one can yet determine whether the auctions will help
speed the deployment of new telecommunications ser-
vices, whether those services will be provided in a com-
petitive marketplace, or whether auctions will enable
small businesses, rural telephone companies, and busi-
nesses owned by members ofnamity groups and
women to provideemeging telecommunications ser-
vices.

Nevertheless, most observers have concluded, and
the initial evidence suggts, that the earli#fCC auc-
tions have been soessful, particularly compared with
the alternative methods of assigning licersegmely,
comparative heargs and lotteries (see Table 1 for a
description of some of the auctions that EH@&C has
conducted to date).

At least three questions should be asked in evaluat-
ing the earlyrCC audbns:

o Did the auctions result in an economically efficient
distribution of licenses to use the radio spectrum?

o Did the auctions achieve the objective of awarding
licenses to small businesses, rural telephone com-
panies, and businesses owned by women and mem-
bers of minority groups?

0 Were the auctions more or less costly than alterna-
tive methods of assigning licenses?
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Table 1.
Selected FCC Auctions
Total Winning Spectrum
Bids Net Value
of Discounts (Dollars
(Millions per person,
Auction What Was Sold of dollars) per MHz)
Narrowband Personal Communications Services
National 10 licenses, comprising a total allocation of 0.7875 MHz subdi- 617 3.12
(July 25-29, 1994) vided into three different-sized bandwidths, that allow the licensee
to provide enhanced paging services on a nationwide basis.
Regional 30 licenses, covering a total allocation of 0.45 MHz subdivided 395 3.46°
(October 26, 1994- into six parcels of frequency and five regions, that allow the
November 8, 1994) licensee to provide enhanced paging services.
Broadband Personal Communications Services
A&B Blocks 99 licenses, covering a total of 60 MHz subdivided into two 7,736 0.51
(December 1994- 30-MHz bandwidths in each of 51 major trading areas (MTAS),
March 1994) that allow the licensee to offer mobile voice and data communi-
cations. The FCC'’s preexisting pioneer’s preference policy led
to three of the 102 licenses being assigned outside the auction.
C Block 493 licenses of 30 MHz each, available in each of 493 basic 10,248 1.352
(December 1994- trading areas (BTAs)—subsets of the larger MTAs—that allow
May 1995, and the licensee to offer mobile voice and data communications.
July 3, 1995)° Participation in the auction was limited to designated entities—
small businesses and businesses owned by women or
minorities. Defaults by winning bidders in the initial sale
required a reauction of 18 licenses. Additional defaults may
require other reauctions in the future.
D,E&F Blocks 1,479 licenses, covering a total of 30 MHz subdivided into 2,517 0.332
(August 1995- 10-MHz bandwidths and 493 BTAs, that allow the licensee
January 1997) to offer mobile voice and data communications. The F block

was restricted to designated entities.

SOURCE: Congressional Budget Office based on data from the Federal Communications Commission.

NOTE: MHz = megahertz; kHz = kilohertz; n.a. = not applicable.

FCC Actions Before the

vices (PCS}.

First Auctions

The FCC's most immediate task after being granted the
authority to auction licenses was to assign permits for
two different types of personal communications ser-

The commiss allocated a small
amount of spectrum to enhanced paging services called

2. Federal Communications Commissi@gcond Report and Order
GEN Docket No. 90-314, FCC 93-451 (September 23, 1993), p. 3.

As early as 1989, the commission had begugadings that Iti-
mately led to the allocation of spectrum for personal communications
services-a variety of new mobile services including voice, data, pag-
ing, and facsimile provided to both businesses and individuals.
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Table 1.
Continued
Total Winning Spectrum
Bids Net Value
of Discounts (Dollars
(Millions per person,
Auction What Was Sold of dollars) per MHz)
Other Services
Interactive Video and 549 licenses available on a local basis permitting the user to 249 n.a.
Data Services offer a return link to be coordinated with cable or broadcast
(July 28-29, 1994) television for services such as home shopping and banking.
Sale provided less than nationwide coverage, because
licenses for a number of major markets were already assigned.
Postauction defaults will require a reauction in 1997.
Direct Broadcast
Satellite Slots
At 110 degrees west A license permitting the use of 28 channels with full coverage 682 n.a.
orbital location of the continental United States.
(January 24-26, 1996)
At 148 degrees west A license permitting the use of 24 channels with only partial 52 n.a.
orbital location coverage of the continental United States.
(January 24-26, 1996)
Multipoint Distribution 238 local licenses allowing the holder to offer a type of broad- 216 n.a.
Service cast television in very small areas. The service is called
(January 1996- wireless cable because—like its namesake, wired cable
May 1996) television—it can offer a large number of channels (33 currently,
more than 100 in the future). Licenses auctioned account
for only a fraction of the population/channel coverage provided
by all of the spectrum allocated for the service, most of which
was already assigned.
Specialized Mobile 1,020 licenses that allow the holder to provide mobile voice and 204 n.a.

Radio
(December 1995-
April 1996)

data services. The licenses account for only a fraction of the
population/channel coverage provided by all of the spectrum
allocated for the service, most of which was already assigned.

a. Uncorrected for installment payments at subsidized interest rates.

b. Consolidated results of the C block auction and the subsequent reauction of licenses on which winning bidders defaulted.

narrowband PCS. It degmated a very large amount for

broadband PCS, which is intended toyide a level of

Assigning licenses for broadband PCS was of para-

mount importance. Many observers expected that a

mobile communication that encompasses and goes be- successful and rapid deployment of those services
yond that offered by the cellular telephone industry.

3. Carol Weinhaus and others, "Cellular to PCS: A Wireless Primer"
(paper presented at National Association of RegulatdifgylCom-
missioners' Annual Meetings, Washington, D.C., February 1996),
discusses the similarity between cellular telephone service that uses

frequencies in the 800 and 900 megahertz area and the personal com-
munications services offered in the 1.9 gigahertz area. The paper also
notes that both frequency allocations will probably be used to provide

the same services to consumers.
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would introduce competition into the market for mobile
telephone services and generatessantial benefits for
consumers and the econofny. Many people also
viewed auctioning thECS licenses asumique oppor-
tunity to raise federalecepts in the Blions, or even
tens of billions, of dollars. Those predictions were
based on the spectacular growth of the cellular tele-
phone industry. Service revenues of under $0.5 billion
in that market in 1985 increased to almost $illibb

by 1993, and the prices paid for cellular telephoae-
chises in private-market sales soared to over $200 per
person living in the service area in particularly good
urban markets.

The commission faced severdistacles in daver-
ing the benefits of PCS to consumers and caguhe
recepts expected from the auctions. It had to design an
auction system and put it in place. The &unctvould
sell many licenses, and the relationships between those
permits were complex. Moreover, the auction approach
would have to accommodate goals ddiéion to (and
potentially in conflict with) awarding licenses to the
bidders willing to pay the most. The law authorizing
auctions was clear that rural phone companies, and
businesses that were small or owned by women or mi-
norities, would have to win some of the licenses of-
fered. Also, concerns about competition in the market
for mobile telephone services forced B@C to @cept
less competitive auctions by imposing restrictions on
the participation of businesses already holding licenses
to provide cellular telephone services. The rationale
was that new players in those markets would lead to
better service and lower prices for mobile telecommuni-
cations.

Goals and Design of Auctions

A well-designed auction induces bidders to reveal the
value they place on the items being sold. When an auc-
tion works well, the process of revealing value will end

with the items being sold to the bidder who values them

4. Congressional Budget OfficAuctioning Radio Spectrum Licenses
(March 1992), pp. 22-38, presents revenue estimates for new PCS
licenses and evaluates the potential effect of personal communications
services on consumers and the economy.

5. Edward M. Greenberg and Catherine M. LIdjelecommunications
Services, Pop Out: The Changing Dynamics of the Cellular Tele-
phone Industr{New York: Morgan Stanley, April 1991), p. 2.

most—an economically efficient distribution of the
items® The prices paid at auction will clear the market
for the items being sold by balancing the demands of
bidders with the supply of itenis.

In the case of the FCC aians, the idea that
awarding the licenses to the bidders who value them
most is an economically efficient outcome is intuitively
plausible. The bidder who values a license most does so
on the basis of a business plan that, compared with the
plans of other bidders, projects the highest return
usually synonymous with the plan projecting the quick-
est, most economical deployment of the service that the
license permits. That logic implicitly assumes, how-
ever, that the bidder calculates profit within the con-
fines of a competitive market in which the presence of
many suppliers limits the power that any one producer
has over service prices. When competition is assured in
the license auction and is likely to take place in the ser-
vice market that the license allows the winner to enter,
awarding licenses to the bidders who value them most
will benefit consumers.Under those conditions, the
federalgovernment will raise the amount adceipts
necessary to satisfy the broad objectives of the law au-
thorizing auctions-specifically, a level of recpts that
precludes winning bidders from undue enrichment and
is consistent with the goal of providing consumers with
efficiently priced, high-quality telecommunications ser-
vices.

Most people associate aiacts with an aggressive
auctioneer barking out prices at lightning speed to an
audience of ldders who compete for the item offered
by making continuous and progressively higher bids.
That type of auction, known as an ascending-bid or
English auction, is one of several types of auctions gen-
erally recognized by econosts® The process of de-
signing an auction is one of fitting the sales process to
the nature of the good being sold (is it unique or com-
mon?) and the market in which the sale will take place
(for example, does the market have many bidders who
are certain about the value of the items, or a few bid-
ders who are not very certain about the value?). In

6. John McMillan, "Why Auction the Spectrunélecommunications
Policy, vol. 19, no. 3 (April 1995), p. 193.

7. Vernon L. Smith, "Auctions," in John Eatwell, Murray Milgate, and
Peter Newman, edsThe New Palgrave Dictionary of Economics
(New York: Stockton Press, 1987), pp. 138-144.

8. Ibid., pp. 138-139.
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some cases, an open multiple-round auction will be
preferable because bidders are uncertain of the value of
the item being sold and seek information and confirma-
tion of their assessment in the auction process. In other
cases, concern about collusion among bidders may sug-
gest a single-round, sealed-bid auction.

Much of the FCC's planing for the early auctions
involved develomg and discussingeemingly arcane
issues about specific auction ruder example,
whether bids should be made gonbusly or discretely,
or whether bids could be withdrawn and, if so, at what
cost or penalty. The experience of other governments
in auctioning licenses to use the radio spectrum illus-
trates the importance of such rules. Problems with
rules led to low recpts and an inefficient distribution
of licenses in both Australia and New Zealdnd.

Designing Auctions for Licenses
to Provide Personal Communications
Services

The FCC began to considdlogating frequencies for
personal communications servicesl®89, as part of

its ongoing discussion ameging technologies. By
1993, the ough outlines of allocations for both nar-
rowband and broadband PCS were formed, but the final
plans that specified frequencies and block sizes, geo-
graphic coverage, and special licensing issues were not
completed until the middle df994.

The FCC Hocated spectrum &00 megahertz for
the new narrowband gang service. Eleven saate
licenses permitting the use of three different-sized
blocks of frequencies would be available on a national
basis, and 10 of those would be sold at auction. Six
additional licenses permitting the use of two different-
sized blocks of frequencies would be available in each
of five regional subdivisions of the nati¢h.

The allocation for broadband PES8equencies for
additional mobile telephone senvewas equally com-

9.  Paul Milgrom, Auction Theory for PrivatizatioCambridge: Cam-
bridge University Press, forthcoming), reviews foreign experiences
illustrating the importance of rules in the outcome of auctions.

10. Federal Communications Commissidlemorandum Opinion and

Order, GEN Docket No. 90-134, FCC 94-30 (March 4, 1994), p. 8.

plex. The final plan allocatet?0 MHz for that service

in the 1.9 GHz area of the spectrum. Licenses allowing
the use of two 30-MHz blocks of frequencies, called the
A&B blocks, would be auctioned first. Those licenses

would be available in each of 51 geographidgsions,

or major trading areas (MTASs), of the nation and its

possessions. A 30-MHz block of spectrum, the C
block, would be auctioned next in eachd8f3 smaller
service areas called basic trading areas (BTAS).

nally, three 10-MHz blocksthe D,E&F blocks, would
be made available in each of the 493 BTAs.

Fi-

Special circumstances applied to the licenses that
were sold in each of the three broadband auctions. The
FCC's deci®n to impose a 40-MHz cap on the com-
bined PCS and talar frequencies of a license holder
effectively barred deilar licensees from bidding on the
A&B block licenses in the same geographic areas
where they held cellular licenses. A policy predating
the PCS Bocations—the pioneer's preference poliey
required the FCC to assign licenses to applicants whose
innovative ideas were judged by the commission to
have made significant contributions to the development
of the PCS concept or its etialg technology. Under
that policy, rather than auctioning the A license in the
MTAs for New York, Los Angeles, and Washington,
D.C., the FCC asgned them to previously selected
pioneers, who paid a price based on the value that the B
license fetched at auction. The C block and F block
licenses were set aside for small businesses and busi-
nesses owned by women or minorities, so-called desig-
nated entities. Bidders who qualified for those licenses
received a variety of incentives inding bidder's cred-
its and the option to pay off winning bids in install-
ments.

A bidder might assess the value ofFRC license
in one of two ways: as an individual entity or as a part
of a group of licenses. Each of the PCS licenses being
sold at auébn was valuable in and of itself. Accord-
ingly, some bidders would seek the best value by pursu-
ing a strategy of substiing one license for another if
the auction allowed bidders to assess current offers and
move from license to license as dictated by their valua-
tion of the licenses and the standing high bids for those
licenses.

11. Federal Communications Commissibfemorandum Opinion and
Order, GEN Docket No. 90-314, FCC 91-144 (June 13,1994), de-
scribes the allocation for personal communications services and the

commission's rationale for that allocation.
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The presence of economies of scale and scope in
providing mobile communications services also made it
likely that groups of licenses would be more valuable if
won by the same bidder than if won by different bid-
ders? For example, a would-be provider of broadband
personal communications services might value a group
of PCS licenses more than each licemgtvidually,
because winning the group would allow the producer to
provide services at a lower average cost as more cus-
tomers were covered. Such cost advantages could de-
rive either from spreading the fixed cost of new systems
over a larger customer base (for example, expenditures
to design marketing programs and billing systems) or
from the absence of problems with signal interference
at the geographic borders of service areas owned by the
same producéf.

Simple forms and rules for auctions work best
when the value of an item being sold is unrelated to that
of any other item, or when a bidder cab&titute one
item for an identical one. A more complicated problem
in matching bidders and licenses is likely to occur, how-
ever, when a bidder's valuation for an item is positively
influenced by having sicessfully bid on another item
just the case for many bidders in €S augons!* If
licenses were offered sequentially, bidders seeking
combinations of licenses would probably offer less than
full value for licenses sold early in the sequence, fearing
that they would not win the licenses offered later that
were necessary to justify bidding the full valuation of
the early offerings. The likely outcome of using a se-
guential auction would be an inefficient initial distribu-
tion of licenses and lovecepts for the federajovern-
ment.

12. R. Preston McAfee and John McMillan, "Analyzing the Airwaves
Auction," Journal of Economic Perspectivesl. 10, no. 1 (1996),
p. 161.
13. The PCS licenses and the cellular licenses owned by a bidder may also
complement one another. Those relations did not represent a major
problem in designing the auctions after the decision was made to pre-
vent cellular licensees from bidding on large blocks of spectrum allo-
cated for personal communications services in their cellular service
area. See Patrick S. Moreton and Pablo T. Spiller, "What's in the Air:
Interlicense Synergies and Their Impact on the FCC Broadband PCS
License Auctions" (paper presented at the Law and Economics of
Property Rights to Radio Spectrum Conference, San Francisco, Calif.,
July 28, 1995, and revised September 1, 1996), p. 14.
14. Mark M. Bykowsky, Robert J. Cull, and John O. Ledybtdtually
Destructive Bidding: The FCC Auction Design Probl&ucial Sci-
ence Working Paper 91(®asadena: California Institute of Technol-
ogy, Division of Humanities and Social Sciendg95), pp. 7-23.

After an extensive regulatory preeding, the FCC
chose a simultaneous multipleand design for the
PCS audbns®® The design required that all of the li-
censes be offered simultaneously over as many rounds
of bidding as acessary to produce no new offers for
any of the licenses. The multiple-round feature allowed
bidders to gather information about the market value of
the licenses, gauge their own valuation against that of
the market, and make adjustments as the auction pro-
ceeded. It alsollawed them to make offers based on
winning a combination of licenses by giving them an
opportunity to obtain the last license they required to
complete their package.

The commission's choice was controversial. The
simultaneous multiple-round auction offered the pros-
pect of more efficiently distributing licenses and yield-
ing higher audbn recepts than a simpler alternative.
But it also demanded that the FC€&ept an increased
risk that the more complicated set of auction rules and
administrative procedures might cause the auction to
break down. Some observers faulted the commission
for not accepting even greater risks and adopting an
even more complex type of auctiethe "combinatoric”
approach-that was predicted to perform even better
than the simultaneous multiple-round auction if the li-
censes being auctioned were strongly cemeintary'®

Experimental methods played a large and unique
role in the FCC's auan design process.  Experi-
ments that mimicked real-world conditions helped the
FCC in choomg among types of auctions and selecting

15. Federal Communications CommissiBacond Report and Orde?P
Docket No. 93-253, FCC 94-61 (March 8, 1994), provides an exten-
sive review of the commission's consideration of alternative forms and
rules for auctions. McAfee and McMillan, "Analyzing the Airwaves
Auction," p. 160, credits Paul Milgrom, Robert Wilson, and R. Preston
McAfee as the primary designers of the auction form chosen by the
FCC for the PCS sales.

Letter from Larry Irving, Assistant Secretary for Communications and
Information, Department of Commerce, to Reed Hundt, Chairman,
Federal Communications Commission (February 28,1396parte
submission in PP Docket No. 93-253. Irvirdyacated a combina-
toric auction, in which bids for combinations of licenses could be made
contingent on winning the entire package. For the initial auctions, the
commission rejected the approach for fear that the potential gains in
efficiency and receipts could be captured only by accepting a greater
risk that the auction might break down. The commission is consider-
ing using a combinatoric approach for future auctions.

Charles R. Plott, "Industrial Organization and Experimental Econom-
ics,"Journal of Economic Literaturevol. 20, no.4 (Decembé©82),

pp. 1485-1527, provides background on experimentaienics and

its applications.
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specific rules. They also served as a test bed for soft-
ware that was later used in actual auctidns.

Did the Auctions Result in
an Economically Efficient
Distribution of Licenses to
Use the Radio $ectrum?

By most assessments, the FCC ianst have assigned
licenses to use the spectrum in an economically efficient
way. Those assessments rely as much on expert opin-
ion and judgment, however, as on unimpeachable ana-
Iytic results. Positive statements about the efficiency of
the auctions' results can most strongly be made by com-
paring auctions with conjecture about what might have
happened had licenses been assigned by lottery or com-
parative hearing. Ultimately, thv®lume of postauction
resales of licenses will be the best indicator of the eco-
nomic efficiency of the FCC auohs. But even that
indicator will be less than definitive because it does not
account for changes in market circumstances that occur
between the auction and the future resale of licenses.

Two different approaches have been taken to assess
the efficiency of the auctions in assigning licenses. The
first approach, used by many econsigjlooks at the
results of the auctions and uses indirect indicators to
infer whether the auctions awarded licenses to the bid-
ders who valued them most. Such an analysis must be
indirect becauseitiders claracteristically do not dis-
close their "true" valuation for the licenses they win.
The indicators used in this approach are the extent of
competition in an auction, the coamablity of the
prices paid at auction for similar licenses, and the abil-
ity of bidders to win groups of licenses that make eco-
nomic sense.

A second, less extensively used, approach to as-
sessing the allocative efficiency of tR€C audbns
relies on experiments conducted in a controlled labora-

18. Charles R. Plott, "Selling the Electromagnetic Spectrum: The Role of
and Uses of Experimental Methods in Economics at Caltech” (paper,
California Institute of Technology, Aprll995).

tory environment? That approach seeks to select the
best type of auction by repeatedtseof different com-
binations of auction forms and bidders' "true" values
for the licenses. Experimenters claim that if they can
identify the range of true values and the environments
in which bidders will contend, they can select the best
type of auction without knowing the values that actual
bidders will place on licenses. Contractors to the FCC
conducted more thatB0 experiments before the com-
mission held the actual auctions. The results of those
experiments were often cited by critics of the FCC's
choice of the simultaneous multiple-round auction.
They argued that such an auction would result in a less
efficient distribution of licenses than would alternatives
because the simultaneous multiple-round auction would
not efficiently assign licenses that were highly comple-
mentary. Although useful in making that specific point
and raising the possibility that superior forms and rules
might be available, the experiments do not provide evi-
dence as to whether the theoretical weaknesses of the
chosen auction form were important enough in the ini-
tial FCC audbns to reduce the efficiency of the distri-
bution of licenses.

Narrowband PCS

The narrowband PCS aiarts were the first and third
sales conducted by the&CC. Those sales agsed 40
licenses, 10 of three different bandwidths on a national
basis and 30 of three different bandwidths available in
five regions. The arrowband auains raised over $1
billion—$617 million for the national licenses a$893
million for the regional licens€8. Available evidence
indicates that those aimtbs yielded the most efficient
distribution of licenses.

The FCC requiresitiders to declare their interest
before an auction and to make down payments based, in
the case of the PCS aiacts, on the total population of
the license areas on which they intend to bid. The ratio
of the population that is covered by down payments
made by all bidders to the total population covered by

19. John O. Ledyard, David Porter, and Antonio Rangjet, Results of
Some Tests of Mechanism Designs forAlhecationand Pricing of
Collections of Heterogeneous lterBscial Science Working Paper
978 (Pasadena: California Institute of Technology, Division of Hu-
manities and Social Sciences, Mat&@96), pp. 2-3.

20. Peter Cramton, "The FCC Spectrum Auctions: An Early Assessment"
(draft, University of Maryland, July 1996), pp. 10-15.
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the licenses being sold is called the eligibility ratio.
That ratio is a crude measure of the degree of competi-
tion in eachFCC audbn. A higher ratio indicates that
more bidders are pursuing the available licenses and
thus that the auction is more likely to be competitive
and to distribute licenses efficiently among the bidders.
At the beginning of the nationahrrowband auabn,

the eligibility ratio was 8.8-that is, on average, 8.8
bidders sought each license. The camaple fgure for

the regional arrowband au@n was 6.1. Thearrow-
band auctions registered two of the three highest eligi-
bility ratios of any of the FCC auohs concluded
through19962*

Comparable prices for comparable licenses is a
second indicator of an efficient distrimi. In a simul-
taneous multiple-round auction, the reovent of bid-
ders from license to license as the auction moves from
round to round tends to minimize disparities in prices.
When an auction is competitive and licenses are not
very complementary, aduder is less likely to win a li-
cense when another bidder values it more. The whole
process stops when prices for similar licenses converge,
because no bidder has an incentive to move to a differ-
ent license. The prices of similar licenses sold in the
same auction did not differ by more than 5 percent in
either of the narrowband aiats. For example, in the
narrowband aun of nationwide licenses, each of the
five licenses granting the largest amount of frequency
sold for $80 rillion. The differences were greater be-
tween the two narrowband aigets, but overall, the
average price paid on a per-person, per-megahertz basis
was only 6.2 percent higher in the regional sale than in
the national sal&

Anotherindicator of efficiency is the sgess that
bidders have in winning groups of licenses that appear
economically rdbnal. Pulling together groups of li-
censes that may allow a producer to provide services at
a lower average cost is economically efficient. In the
national narrowband auction, bidderssessfully com-
bined adjoining frequency bands, which enabled them

21. |Ibid., Table 8.

22. The difference in average prices is based on adjusting the prices paid
for several licenses in the regional auction to account for the install-
ment payment plan granted to the small businesses that won those
licences. See lan Ayers and Peter Cramton, "Deficit Reduction
Through Diversity: How Affirmative Action at the FCC Increased
Auction Competition,'Stanford Law Reviewol. 4, no. 401 (April
1996), p. 420.

to employ spectrum more efficiently by using the band
between licensed frequencies that is set aside to guard
against interference. In the regionakrmwband auc-
tion, bidders scressfully aggregated licenses for four
of the six bands of frequencies available in five regions
into the equivalent of national licenses. The 10 remain-
ing licenses-five in each of two frequency banrds
were won by five different bidders. That outcome illus-
trates the situation anticipated by the auction designers
in which several bidders with limited objectives might
pay more for individual licenses than a single bidder
with grander aspirations might pay for the group.

The A&B Block Auction

Most assessments of the A&B block auction credit it
with successfully assigning licenses to the parties who
valued them mos.  Some evidence from the auction
itself and comparison with the prices paid in the later C
block auction, however, suggest that licenses were effi-
ciently distributed but at prices below their full value.
The strongest indicator of the auction'scass was the
ability of three large idders to win the licensesces-
sary to provide mobile telephone service nearly nation-
wide.

In only six of the 48 major tding areas in which
both A and B licenses were available did the difference
in final prices for the two licenses exceed thrimum
bid increment-the amount that a bidder would have to
offer above the standing high bid to make a new bid
under the auction rules. That outcome provides modest
support for the case that the auction efficiently distrib-
uted licenses. Nevertheless, price differences between
the A and B licenses were large in some markets. For
example, in the Tampa/St. Petersburg/Orlando market,
the minimum bid in@ment was 5.0 percent, but at the
close of the auction the B license sold for $9 million
more than the A license, a difference of about 10 per-
cent.

The story differs if the prices paid across markets
are examined. For example, the average per-person,

23. This view represents a consensus that emerged from the conference on
Market Design: Spectrum Auctions and Beyond, Woodrow Wilson
School of Public and International Affairs, Princeton University,
Princeton, N.J., November 9-10, 1995. See also Cramton, "The FCC
Spectrum Auctions," pp. 37-38; and McAfee and McMillan, "Analyz-
ing the Airwaves Auction," pp. 164-176.
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Box 1.
Were C Block Licenses More Valuable Than A&B Block Licenses?

Participants in the C block auction bid considerably
more for their licenses than did bidders in the A&B
block auction. The average price bid, net of bidding

discounts, was about $1.35 per person, per megahertz

(MH2) in the C block auction, more than two and a half
times the average price of $0.51 paid for the A and B
licenses. Several factors account for the higher bids for
the C licenses: more favorable rules designed to encour-
age designated entities to participate; greater competi-
tion for the available licenses; and developments during
the year following the close of the A&B block auction
that may have increased bidders' valuations of the li-
censes.

The rules adopted to promote participation by small
businesses in the C block auction required the winning
bidders to pay 10 percent of their net winning bids by
the time the licenses were issued, interest only on the
remaining 90 percent for six years, and interest and
principal for the remaining four years of the license.

The interest rate charged on the balance of the license
payments was the 10-year Treasury note rate at the time
the license was issued; that rate ranged from 6.5 percent

to 7 percent, far below typical commercial rates. Ana-
lysts believe that the value of the interest subsidy to the
small businesses in the C block auction was an effective
bidding credit of 20 percent to 40 percént. If that esti-
mate is correct, then a bid of about $1.35 under the C
block rules was equivalent to an A&B block bid of
$0.80 to $1.10. Thus, installment payments and the
lower interest rate explain roughly one-third to two-
thirds of the increase in bids in the C block auction.

The easier payment terms helped increase the num-

ber of bidders competing for each license in the C block

auction. So did the fact that each of the licenses covered

a basic trading area (BTA), which is typically a much
smaller geographic area than the major trading areas
(MTAs) that the A and B licenses covered, because

having a license that covers a smaller geographic area

reduces the total capital costs to a small business for
building out a network. When the C block auction

opened, bidders had deposited enough down payments

1.  Peter CramtorfThe FCC Spectrum Auctions: An Early Assess-
ment (draft, University of Maryland, July 15, 1996), p. 26;
John M. Bensch&he C-Block AuctiofBoston: CS First Bos-
ton, 1996); and a consensus of outside expertsneeting on
spectrum valuation held by the Congressional Budget Office on
February 26, 1996.

to be eligible to buy 6.7 times the number of licenses
available, compared with only 1.9 for the A&B block
bidders, making the C block bidders more likely to bid
their true valuations for the licenses. How much more
A&B block bidders might have been willing to pay for
their licenses if that auction had been more competitiv
is a matter of speculation.

1%

Comparing a market that had relatively strong com
petition in the A&B block auction with the same market
in the C block auction is one way to illustrate the impac
of competition on the prices bid. For example, the twd
licenses for the Chicago MTA (a market in which
AT&T, PCS PrimeCo, and WirelessCo actively com-
peted) sold for an average of $1.05 per person, per MHz
in the A&B block auction, compared with an average of
$1.55 for licenses in the same market (composed of 1
BTASs) in the C block auction. Applying a 20 percent to
40 percent bidding credit to reflect the value of the in
stallment payments reduces the "actual” price paid in th
C block auction for licenses in the Chicago market td
between $0.93 and $1.24 per person, per MHz. Therg
fore, the value of the C block licenses for the Chicagg
market was similar to that of the A&B block licenses.

©

[¢)

The licenses in the C block auction may also have
become more valuable than those sold in the A&B
block auction because of changed market conditions and
improvements in technology. During the year between
the two auctions, wireless communications markets con
tinued their robust growth. Bidders for C licenses werg
more optimistic than those for A and B licenses about
the size of future markets for those services, anticipating
a 60-fold increase in wireless telephone traffic. The
intervening year also saw improvements in technolo
gies—especially the code division multiple access
(CDMA) technology selected for use by NextWave Per-
sonal Communications, Inc., the biggest winner in the ¢
block auction. Qualcomm, a wireless equipment manu
facturer, asserts that CDMA technology is less expen
sive than other digital technologiés.

2. Jeffrey Hines, First Vice President, Research, Paine Webbsg
Incorporated, CBO meeting on spectrum valuation, February
26, 1996.

=

3. James MadsefiCDMA vs. GSM: A Comparison of the Seven
C’s of Wireless Communicatiohgpaper presented at the Tele-
communications Policy Research Conference, Solomons Island,
Md., October 3, 1994), p. 13.
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per-megahertz price paid for the Chicago licenses was
$1.05—notably higher than the prices paid for the sin-

gle competitively auctioned licenses in the New York

and Los Angeles markets ($0.56 and $0.86, respec-
tively). Prices could be expected to vary between mar-
kets on the basis of consumer demographiecsome

and time spent commuting in automobiles, for exam-

ple—but differences as large as those evident in the
A&B block auction are too great to be explained by

such factors.

Additional questions about the efficiency of the
distribution of licenses in the A&B block auction and
the two other broadband sales that followed it are raised
when the average prices for licenses are compared. The
average per-person, per-megahertz price in the A&B
block was about $0.50. The C block auction registered
a substantially higher price of about $1.35, which drops
to about $0.80 afterdgusting for the terms of the in-
stallment payments available to the small businesses
that won C block licenses (see Box 1, which discusses
the differences in prices paid for licenses in the A&B
and C block auctions). In contrast, the average price in
the D,E&F auction was about $0.35, lower than that
reported in either of the broadband PCS ianstthat
preceded it. Pricesoald be expected to vary among
the auctions because the licenses sold granted the right
to use different-sized blocks of spectrum that allowed
the licensee to operate in different-sized geographic
areas. Nevertheless, the ranking of average prices from
high to low corresponds to the potential competition in
each of the auctions as measured by the eligibility ratio.
That ratio was 6.7 for the C block sale, compared with
1.9 for the A&B block sale and 1.7 for the D,E&F sale.

Why wasn't the A&B block auction more competi-
tive? Fewer bidders entered that auction because the
FCC restricted particip@in by the current holders of
cellular licenses and permitted would-be competitors to
join forces before the auch began. Both decisions
should be evaluated as trade-offs between ensuring
competition in wireless telecommunications markets
and ensuring competition in the auctions for licenses to
participate in those markets. Specifically, the commis-
sion chose to sacrifice the opportunity to maximize auc-
tion recepts to ensure an adequate number dirtiec
cally capable and financially sound service providers
and, ultimately, to sustain the competitive pricing and
services that such providers would bring to telecommu-
nications markets.

Table 2.

Total Population in Markets for Personal
Communications and Cellular Telephone Services
Covered by the Three Largest Winners in the A&B
Block Auction (In millions of people)

Personal
Communi- Cellular
cations Telephone
Services Services Total
AT&T 107.0 68.3% 175.3
WirelessCo 144.9 28.4° 173.3
PCS PrimeCo 57.2 110.4° 167.6
SOURCE: Congressional Budget Office based on Peter Cramton,

"The FCC Spectrum Auctions: An Early Assessment"
(draft, University of Maryland, July 15, 1996), Table 4;
and Cellular Telephone Industry Association, The Wire-
less Marketbook (Spring 1996).

Estimated as the difference between the total mobile telephone
population as reported by the Cellular Telephone Industry Associ-
ation and the total population in the personal communications
services markets as reported by Cramton.

b. Represents the cellular telephone markets of WirelessCo part-
ners Comcast (7.6 million people) and Cox Communications
(20.8 million people).

c. Represents the cellular telephone markets of Bell Atlantic/NYNEX
(57.7 million people) and AirTouch (55.2 million people) adjusted
downward by 2.5 million people for overlapping licenses in Ari-
zona markets.

The result of the A&B block auction that most
strongly suggsts an efficient distribidn of licenses
was the success of bidders in aggregating groups of
licenses. Each of the three largest winning bidders
AT&T, WirelessCo, and PCS Prime&avon licenses
that enable them to offer nationwide serfite. The
PCS licenses won by AT&T arflCS PrimeCo, when
combined with the cellular telephone licenses that each
bidder already owned, provide nearly complete national
coverage. WirelessCo, the largest winner in the auc-
tion, had the smallest cellular coverage but won 29 PCS

24. WirelessCo is a combination of the long-distance telephone company
Sprint and three large cable television companies (TCl, Comcast, and
Cox Communications). After the A&B block auction, WirelessCo
changed its name to SprintCom. PCS PrimeCo is a combination of
three regional Bell operating companies (NYNEX, Bell Atlantic, and
USWest) plus AirTouch (a spin-off of another former Bell company,
PacTel), which provides cellular telephone service in PacTel's operat-
ing area.
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licenses permitting it to sendt5 nillion people (see
Table 2). Bidders with more limited objectives, such as
PacTel and GTE, were also successful, attesting to the
degree of neutrality in the auction between different
types of bidder$®

The C Block Auction

The PCS Hocation offered the C block license as the
premier opportunity for certain designated enti-
ties—small businesses and businesses owned by women
or minorities—to participate in the new broadband ser-
vice. The licenses permitted the use of 30 MHz of
spectrum in each of 493 areas, diulsions of the 51
areas defining the A&B block licenses. Partidipain

the auction was restricted to designated entities, who
were allowed to pay off their winning bids over 10
years at a low rate of interest with interest-only pay-
ments for the first six years, rather thawihg to pay
winning bids at the end of the aiget as the A&B
block winners were required to do.

One reason to think that the C block auction pro-
duced an efficient distribution of licenses is that it was
very competitive and generated revenues far above
those anticipated by most observers. The eligibility
ratio for the C block auction was 6.7, in part because of
the smaller coverage areas of the licenses, which pose a
lower hurdle in terms of the required investment in cap-
ital equipment, and the generous financial incentives
designed to encourage patrticipation. The vigorous
competition resulted in an auction that td@d ounds
of bidding over almost five months and yielded reve-
nues exceedin§10 hllion.

Another factor suggesting that the outcome of the
C block auction was efficient is the fact that winning
bidders were able to assemble valuable groups of Ii-
censes. The largest winning bidder, NextWave Per-
sonal Communications, offered $4.6 billion (46 percent

25. David J. Salant, "Up in Thin Air: GTE's Experience in the MTA Auc-
tions for PCS Licenses" (paper presented at a conference on Market
Design: Spectrum Auctions and Beyond, Woodrow Wilson School of
Public and International Affairs, Princeton University, Princeton, N.J.,
November 9, 1995), describes GTE's experience in the MTA auction.
For a discussion of the issue of the neutrality of the auction between
bidders with national objectives and those with more limited objec-
tives, see Mark Bykowsky and Robert J. Cull, "Broadband PCS
(MTA) Auction: An Empirical Examination” (staff paper, Office of
Policy Analysis and Development, National Telecommunications and
Information Administration, November 1995).

of the total recqits generated by the aiort) for 63
licenses that granted access to a market of lillidrm
people?® Those licenses were clustered in the mid-At-
lantic region, the Midwest, and central Florida, with the
notable exception of the Los Angeles market. Next-
Wave subsequently increased its presence in the West
by winning licenses in Denver, Portland, and Seattle
that became available in a reauction of licenses that slid
into default immediately following the original C block
auction. The other foumembers of the top-five bid-
ders' club were also able to assemble geographic clus-
ters of licenses. Those five membersoacted for
more than 80 percent of the total winning bids in the C
block auctior?’

Not all of the results in the C block sale support the
claim that the outcome was efficient, however. Two
winning bidders defaulted on their offeramediately
after the auction. One was the fourth largest winning
bidder, BDPCS, Inc., which offer&874 nillion for 17
licenses® The prompt reauction of the licenses that
were defaulted on raised roughly the same amount as
the winning bids committed in the first auction and
minimized the cost to society of delays iroyding
service. In September 1996, several othdddys—
who collectively won 31 licenses for which winning
bids totaled $130 iion—had problems in making
their payments. Two of those bidders, who offered
$117 nillion for 17 licenses, may ultimately default on
their winning bids.

Some observers fear that more defaults will o&tur.
They contend that the financing terms offered to C
block bidders were overly generous and ultimately de-
structive to the purpose of allowing small businesses to
provide emeging telecommunications services. The
low interest rates and long defa of principal pay-
ments, according to the critics' view, allowed unin-
formed bidders to gamble that by the time they had to
make their payment, the price of FCC licensesilad/

26. Congressional Budget Office estimate of NextWave’s bids and licenses
from the original C block auction and the C block reauction using data
from the Federal Communications Commission.

27. John M. Bensch&he C-Block Auctior{Boston: CS First Boston,

1996), provides basic data and analysis of the C block auction.

A second bidder, National Telecom PCS, defaulted on a license per-
mitting service in American Somoa.

. Simon Wilkie, "Installment Payments and the FCC Auctighah)s &
Capital, vol. 5 (SummefL996), pp. 27-29.
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rise sufficiently to justify their bids, with relatively little
downside risk if that bet was lost. Certainly, if the
FCC's installment plan has in fact removed the disci-
pline of capital markets andl@ved unjustified risk
taking, additional defaults will occur and the distribu-
tion of licenses resulting from the C block auction will
be shown to be inefficier.

The D,E&F Block Auction

As indicated above, the prices paid for licenses in the
D,E&F block sale were the lowest recorded in the three
broadband license auctions: on a per-person, per-mega-
hertz basis, the licenses sold for about $0.35, less than
the A&B block price of about $0.50 and far less than
the C block price, corrected for installment and interest
incentives, of about $0.80. Disaggregating the results
of the D,E&F auction and comparing them with the
results of the previous broadband aucticasows the

gap between the similar D and E licenses (an average
price of $0.37) and the A and B licenses, but it widens
the gap between the C block and the F bletie
blocks set aside for designated entitigsth the aver-

age price of the F block falling to below $0.25 after
taking into consideration the effects of installment and
interest incentives.

In the D,E&F block sale, comparable prices were
not paid for comprable licenses. For example, the E
license for the New York BTA sold for 16 percent more
than the D license, and the San Francisco D license sold
for 30 percent more than the E license. Differences
between prices paid for the D and E licenses and for the
F license were even more striking. In some cases, the F
license sold for far less than the D and E licenses; for
example, the Los Angeles F license sold for $4 million,
but both the D and E licenses for that BTA sold for
over $30 riflion. That relaton between the licenses set
aside for designated entities was different than the
comparative results of the A&B block and C block
sales, but it was expected by many analysts because the
option to pay in installments for the F license was less
generous than that for the C license. In other cases,
however, the F license sold for a great deal more than
the D and E licenses: for example, the F license in

30. As this report went to press, the second largest winner in the C block
auction, Pocket Communications, filed for Chapter 11 protection un-
der the U.S. Bankruptcy Code. The fate of its 43 licenses and $1.2 bil-
lion debt to the federal government is uncertain.

Phoenix sold for ove$30 million, but the D and E li-
censes sold fag11.2 nillion and $9.8 million.

The success of large bidders in aggregating licenses
indicates that the distribution resulting from the D,E&F
auction was an efficient one. Both AT&T and Sprint-
Com (formerly, WirelessCo), the two largest winners in
the auction, won groups of licenses at bargain prices
compared with those paid in the previous broadband
auctions. SprintCom was an unsuccessful bidder for
the A and B licenses in Chicago but won both the D
and E licenses for the Chicago BTA. That company
also won at least a single D or E license for the BTAs
covering the rest oflinois and, in effect, paid only a
fraction of the per-person, per-megahertz price that the
winning bidders paid for the A and B licenses covering
the same population. A number of other bidders that
were successful in earlier PCS aoios, including
AT&T and NextWave, were able to obtain complemen-
tary licenses in the D,E&F auction.

The indicators that the auction produced an effi-
cient distribution of licenses are weakest for the D,E&F
sale. The lack of competition in the auction, as indi-
cated by the low eligibility ratio at the beginning of the
sale, is probably the best explanation for the poor
showing of the auction in generating camgble prices
for comparable licenses. The generally lower prices
registered in the auction are explained in part by the
relative smallness of the geographic coverage and the
amount of spectrum granted by the licenses. Also, cap-
ital markets may have been less willing to make addi-
tional investments in personal communications services
on the heels of the previous broadband auctions.

Other FCC Auctions

The FCC's sales of licenses for services other than per-
sonal communications servieemteractive video and
data services (IVDS), specialized mobile ra@MR),
multipoint distribution services (MDS), and two direct
broadcast satellite sletdave not been analyzed as
much as the PCS sales. The sumiahimg bids in the
non-PCS auabtns have accounted for only $1.4 billion,

or 7 percent of the total winning bids.

Available evidence indicates that those auctions
have had mixed success in producing an efficient distri-
bution of licenses. Large-scale defaults on winning
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bids and subsequent missed installment payments indi-
cate that the IVDS auction did not achieve that goal.
The other auctions were each marked by spirited bid-
ding. Winning bidders in the auctions for specialized
mobile radio and multipoint distribution services aggre-
gated potentially complementary licenses.

Conclusion

Final judgment on whether tHeCC audbns distrib-

uted licenses to the parties who value them most awaits
the passage of time. An active market exists for FCC
licenses, including those won at auction. A large
volume of license sales over the next several years
would be a sting indicator that the auctions did not
produce an efficient distribution of licenses; less activ-
ity in the secondary market would indicate that the auc-
tions were effective in awarding license to the parties
who valued them most. To date, few licenses have been
sold in the secondary markét.

Even if the economic efficiency of tHeCC auc-
tions is less than perfect, as cemyseems the case,
auctions are a more efficient means of assigning li-
censes than are comparative ivegg or lotteries. The
volume of licenses to be assigned is simply too large for
a hearing process to manage. The lottery relies com-
pletely on the secondary market for achieving an effi-
cient distribution of licenses, the samechanism that
could make marginal adjustments in the distribution of
licenses created by an auction.

In the broader context of spectrum management,
decisions made about which frequencies to auction,
how to divide them on the radio spectrum and geo-
graphically, and which bidders to allow to bid on which
frequencies ultimately affect the efficiency of the distri-
bution of rights to use the spectrum more than does the
type of auction chosen. Nevertheless, poor choices
about the type of auction or more specific rules could
lead to outcomes that are less than efficient, even if all
of the choices made before the auctions were good
ones.

31. BenscheThe C-Block Auctiorp. 5, reports only three sales of A and
B licenses in the secondary market, at prices comparable with those
paid at auction.

Did the Auctions Achieve

the Objective of Awarding
Licenses to Small Businesses
and Businesses That Are
Owned by Women and
Minorities?

Before the FCC was permitted to igsslicenses by
auction, concerns were expressed that using auctions
might preclude certain groups from winning licenses to
provide new telecommunications services. Specifically,
the concern was that businesses owned by individuals
who were historically discriminated against (women
and minorities) or who lackeateess to capital markets
(small businesses and rural telephone companies)
would not have the financial resources to compete with
larger businesses and would thus be prevented from
providing new telecommunications services. The stat-
ute granting thé&CC the authority to auon licenses
addressed that concern by directing the commission to
design and test systems of competitive bidding to en-
sure that some licenses would be won by those appli-
cants, known as designated entitfes.

To meet those requirements, #eC set aside spe-
cific licenses in the PCS aiumts for designated entities
and, foremost among other incentives, offered those
businesses the opportunity to pay a portion of their
winning bids over time at favorable interest rates. In-
centives for small businesses, defined in various ways,
were available in most of the auctions. Judicial rulings
prevented the FCC from including incentives specific to
minority- and women-owned businesses in some of the
auctions, but the incentives available to small busi-
nesses aided those groups as well (see Table 3).

Designated Entities in the PCS Auctions

In the first PCS auin, at which nationalarrowband
licenses were sold, the commission granted designated

32. Federal Communications Commissiecond Report and OrdePP
Docket No. 93-253, FCC 94-61 (March 8, 1994), pp. 89-116.
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Table 3.
Licenses Won by Designated Entities in
Selected FCC Auctions

Minority- Women-
Small Owned Owned
Auction Businesses Businesses Businesses

Personal Communications Services

Regional

Narrowband 11 6 5
Broadband

C Block 493 150 95
Broadband

D,E&F Blocks 589 70 50

Other

Specialized

Mobile Radio 263 31 35
Multipoint

Distribution

Service 381 10 19

SOURCE: Congressional Budget Office based on data from the
Federal Communications Commission.

NOTE: Licenses may be part of more than one category.

entities a 25 percent bidder's credit on three of the 10
licenses offere@® For each dollar bid, the designated
entity would payonly $0.75. No designated entity was
among the six firms that won licenses in that auction.

For the next auction, the sale of regionatrow-

band licenses, the FCC made some changes in its auc-

tion format that put designated entities in a more com-
petitive position. It effectively set aside two of the six
blocks of licenses for designated entities by offering
those lidders financial advantages that were so strong
that other bidders stood little chance of winning the
licenses. The 25 percent bidder's credit was increased to
40 percent for minority- and women-owned businesses.

33. Cramton, "The FCC Spectrum Auctions," pp. 10-15, 25-27, reviews
the incentives offered to designated entities and their consequences for
the auctions.

Qualifying as that type of business required 25 percent
equity ownership, down from 50.1 percent in the previ-
ous PCS auin, with voting control. All designated
entities also were permitted to pay off their bids over
10 years, with a six-year period of interest-only pay-
ments and financing at the Treasury note+at® inter-

est rate far lower thanimning bidders could have ob-
tained on the open market.

Twenty of the 28 bidders in the regionarrow-
band auction had some form of preference, and those
incentives significantly influenced the outcome of that
auction. Designated entities won the set-aside licenses
and even one of the licenses open to all bidders. The
incentives attracted many bidders to the set-aside li-
censes, and competition among designated entities was
intense. Aided by bidder's credits and installment pay-
ments, the bids of designated entities on licenses open
to all bidders increased the prices that the ultimate win-
ners of those licenses paid. By the end of the auction,
the winning designated entities had bid away their bid-
der's credit. The effective price they paid, however,
was still lower than what regular bidders paid for com-
parable licenses, because the designated entities were
able to pay off their winning bids at a low interest rate
over 10 yearg*

The original plan for assigning broadband PCS
licenses featured set-aside licenses and incentives for
minority- and women-owned businesses, as well as
small businesses. The FCC dropped the special incen-
tives for minority- and women-owned businesses in the
C block auction because of the Sempe Court's deci-
sion inAdarand Constructors v. Perfa That decision
made it more difficult in general for the federal govern-
ment to carry out race- or gender-based programs. In
reviewing the Court's decision before finalizing its rules
for the F block auction, the commission concluded that
a policy of race-based incentives would have difficulty
passing the test directed by the Court. The commission
also eliminated gender-based incentives but indicated
that the case for those incentives might be strong

34. Ayers and Cramton, "Deficit Reduction Through Diversity," pp. 414-
439, provides a detailed review of the results of the regional
narrowband auction.

. Federal Communications CommissidfCC Seeks Comment on
Changes in the C Block Auction Rules foo&tband PCS: Auction
Date Set for August 2®ews release, FCC 95-263, June 23, 1995).



CHAPTER TWO

AUCTIONS HELD BY THE FEDERAL COMMUNICATIONS COMMISSION 25

enough to clear the somewhat lower hurdle that the
lower courts had suggested for those incenfives.

The C block auction provided all bidders with what
quickly became an across-the-board credit of 25 per-
cent (only one bidder, who dropped out after the first
round, did not qualify for the credit) and the opportu-
nity to pay off winning bids on an installment plan. As
noted above, the combimat of set-asides and install-
ment credit attracted a large number of bidders, making
for a very competitive sale that yielded high prices for
licenses and large revenues for the federal government.
But concern that the credit incentives in the C block
auction had been too generous, leading underinformed
bidders to pay too much and setting the stage for future
defaults on their license payments, prompted the FCC
to offer less attractive incentives for the F license.

In the D,E&F block auction, thECC set aside all
of the licenses in the F block for small businesses. The
commission established a two-tiered classification for
awarding bidding credits to the participants. Bidders
with average annual gross revenues of less than $15
million for the three years before the auctienaived a
25 percent credit, and those with average annual gross
revenues of no more than $40llion received a 15
percent credit. The FCC also redeed the install-
ment payment incentives for the F block auction. Bid-
ders with average annual gross revenues of less than
$40 nillion for the three years before the auction re-
ceived only two years of interest-only payments, and
bidders with average annual gross revenues between
$40 million and $75 nillion received just one year of
interest-only payments and had to pay the 10-year
Treasury note rate plus 2.5 percentage points. Bidders
with revenues between $75llion and $125 nillion
had to pay both principal and interest from the first year
on and were charged interest at 3.5 percentage points
above the Treasury note réte.

Designated Entities in Other Auctions

The FCC also mvided incentives for designated enti-
ties in auctions of licenses for interactive video and data

36. Federal Communications CommissidReport and Order WT
Docket No. 96-59, FCC 96-278 (June 21, 1996), pp. 5-11.

37. lbid., pp. 18-22.

services, specialized mobile radio, and multipoint dis-
tribution services. In the IVDS auction, over 95 percent
of the licenses were won by designated entities, who
were granted bidding credits and installment payments.
In the SMR auction, bidding credits and the prospect of
installment payments helped dgsated entities to win

26 percent of the licenses auctioned. In the MDS auc-
tion, a hdder's credit of 15 percent and attractive fi-
nancing terms helped designated entities win 77 percent
of the license€® As in the regionarrowband auc-
tion, preferences for designated entities increased the
overall competitiveness of both the SMR and the MDS
auctions and probably drove up totatepts.

In contrast to the PCS aians in which the suc-
cess of small businesses in winning licenses was aided
by set-asides, designated entities won licenses in the
IVDS, SMR, and MDS auitins without that benefit.

As a group, the licenses sold in the three auctions were
less valuable than those offered in the PCSienst
because in each case many of the licenses for the best
markets had been assigned befordHBE was Bowed

to auction licenses. The lower value of the licenses auc-
tioned may have leveled the piay field for large and
small businesses and enabled small businesses to win
licenses in those auctions without the benefit of set-
asides.

Outcomes and Issues

Providing set-asides for designated entities has not re-
duced federal revenues from the FCC ianst Prices
paid in the regionalarrowband au@n were compra-

ble with, and in some cases higher than, those paid in
the national arrowband au@bn, despite the set-asides
offered in the regional sale. The prices paid in the
broadband C block auction were significantly above
those paid in the A&B block sale, even after accounting
for the value of the incentives provided by low interest
rates and installment payments. The PCSiengt
were made more competitive by incentives that
strengthened the position of weaker bidders, who forced
prices up.

The law establishing auctions presented the com-
mission with the thorny problem of ensuring the partici-

38. Congressional Budget Office estimate based on data provided by the
Federal Communications Commission.
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pation of weakly capitalized businesses in markets that
demanded large-scale and capital-intensive production.
Tension on that front has been evident in the ongoing
controversy concerning the definition of a small busi-
ness qualifying as a designated entity. T cur-
rently defines a small business as one with gross reve-
nues of less than $125lkon in each of the past two
years and total assets of less than $5@0om A
gualifying business mayceept limited equity invest-
ments from nonqualifying investors if the entity estab-
lishes a control group with at least 25 percent equity in
the business of which no less than 15 percent is owned
by qualifying investors that have at least 50.1 percent
of the voting stock of the designated entity. Conse-
guently, a company participating in an auction as a des-
ignated entity can have up to 85 percent of its equity
provided by large businesses.

The issue surfaced most dramatically in the C block
auction. During the auction, rivals and critics cried foul
and accused high bidders of merely "fronting” for larger
companies-many foreign owneép For example,
NextWave—the largest winner in the C block auction
—was backed by large foreign and domestic businesses,
among them Qualcomm, a domestic supplier of tele-
communications systems will995 revenues of almost
$400 nillion; Goldstar, the largest producer of con-
sumer electronics in South Korea; and Stny.  Without
the liberalized rules that permitted the capital of larger
firms to seep into the auctions restricted to designated
entities, prices would have been lower, and the winning
bidders would have been less able to deploy networks
and offer services quickly. Consequently, consumers
would be denied the benefits of the increased competi-
tion that new entries ati&ely to create in telecommu-
nications services. Yet the entities bidding in the C
block auction semfar removed from the small busi-

39. Letter from Kathleen O'Brien Ham, Chief, Auctions Division, Wireless
Telecommunications Bureau, Federal Communications Commission,
to William F. Maher, Jr., of Halprin, Temple, Goodman and Sugrue,
legal counsel for NextWave Telcom, Inc., March 8, 1996; and letter
from William F. Maher, Jr., to Reed E. Hundt, Chairman, Federal
Communications Commission, March 14, 1996.

40. The issue of foreign participation was particularly prominent in the

case of NextWave. In early 1997, the FCC concluded that NextWave

was in violation of the rules limiting foreign equity participation but
decided that NextWave should be given six months to change its own-
ership structure and conform to the commission's rules. In making that

ruling, the commission indicated, however, that even if NextWave did

not conform, its licenses would not be canceled unless doing so proved

to be in the public interest. See Debra Wayne, "FCC Puts Next-

Wave's Foreign Ownership Near 409R&dio Communications Re-

port, February 24, 1997, p. 1.

nesses envisioned by some supporters of the original
law.

Were the Auctions More
or Less Costy Than
Alternative Methods of
Assigning Licenses to Use
the Radio $ectrum?

Broadly defined, the cost of the auctions include the
government's cost of conducting the sales, the private
resources consumed in seeking licenses, and additional
private resources expended to obtain licenses in second-
ary markets if they were not initially assigned to the
parties who valued them most. The cost of assigning
licenses by auction is most meaningful when compared
with the cost of the alternatives available to the com-
missior—comparative heargs and lotteries.

Government Costs

The FCC spent almosk50 nillion on its auctions
through fiscal yeall996 (see Table 4). The commis-
sion estimates that it will spe§@2 million annually in
1997 and1998. A gnificant amount of spending
through 1996, perhaps as much as one-half, was for
auction design, facilities, and hardware and software
—items that the FCC can use for a number of years if

Table 4.
Spending by the Federal Communications
Commission for Auctions (In millions of dollars)

Year Outlays
1994 7.0
1995 24.0
1996 18.0
Total 49.0

SOURCE: Congressional Budget Office based on data from the
Federal Communications Commission.
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its authority to hold auctions is extended beyb@€8.

The rest has been spent for conducting the auctions
concluded throughh996 and planing those scheduled
for 1997 and 1998.

It is difficult to compare those expenditures with
the costs that theCC would have incurred in assigning
the same licenses by comparative mgpor lottery. It
is also difficult to assemble data on the cost of assign-
ing similar licenses by those alternative means in the
past. Because the FCC is permitted to cover the cost of
auctions from theacepts generated by the sales, those
costs are very visible. In the past, however, the cost of
assigning licenses was embedded in the overall cost of
the FCC's activities and therefore difficult to break out.
In fact, no reliable estimate exists of the cost of the re-
sources that the FCC expended inigrseg licenses
before 1994.

An FCC analysis that compared igsing licenses
by auction with the two alternatives, however, suggests
that the time necessary to assign licenses and the
volume of license applications are indicators of the cost
to both the government and the private settor. By
those measures, auctions compare favorably with the
alternatives. For example, the comparativeihgarfor
assigning licenses to provide cellular telephone services
in the 30 largest markets took more than two years,
compared with just several months to auction and as-
sign the broadband PCS licenses thavidled national
coverageé? The lotteries that were used to assign the
remaining cellular licenses attracted a large volume of
applicants. For example, the 30 licenses available in
markets 91 through20 drew more than 5,000 applica-
tions, requiing the commission to expend resources
reviewing them. In contrast, only 30 applicants sought
the first group of broadband PCS licenses that were
auctioned?

41. Evan Kwerel and Alex D. Felkddsing Auctions to Select FCC Li-
censeesOPP Working Paper Series, No. 16 (Office of Plans and Pol-
icy, Federal Communications Commission, May 1995), pp. 3-6.

42. Cramton, "The FCC Spectrum Auctions," p. 35.

43. Under the auction rules, each bidder had to declare for specific li-
censes. The 30 applicants in the A&B block auction made almost
1,800 declarations of interest for the 99 licenses sold.

Private-Sector Costs

The cost to the private sector of assigrit@L licenses

is the sum that all potential applicants spend on legal
and administrative expenses in preparing applications
and participating in the process. A comparative hearing
discourages applications, but it inflicts a relatively high
cost per application for participating. The tendency of
hearing processes to stretch out over many years, par-
ticularly when the licenses being awarded are perceived
to be of great value, increases the private sector's legal
and administrative costs. As hiegrprocesses drag on,
the costs of delay aunt for producers and consumers
alike. Lotteries also impose a substantial social cost for
preparing applications when each license opportunity
could conceivably attract tens dfausands of appli-
cants!* Moreover, since the lottery randomly assigns
licenses, additional private resources must be spent af-
ter the lottery because the businesses that value the li-
censes most will buy them in the secondary market.
Auctions attract fewer applicants and can be quickly
concluded but, like lotteries, may consumbstantial
private resources in preparing applications and devel-
oping bidding strategies.

The auctions th&CC held in1994 though1996
certainly were less costly to the private sector than com-
parative heangs. They were probably also less costly
than lotteries because the auctions were generally suc-
cessful in placing licenses in the hands of the parties
who valued them most and, thus, will likely impose a
far lower cost of seandary market sales than the ran-
dom assignment of licenses that a lottery would have
produced. Ultimately, the cost of the method of assign-
ing licenses turns on whether theigement process
distributes licenses to the parties who value them most.
If not, society bears the cost of additional transactions
and likely delays and inefficiencies in providing tele-
communications services.

44. Thomas W. Hazlett and Robert J. Michaels, "The Cost of Rent-Seek-
ing: Evidence from the Cellular Telephone License Lotteri&€guith-
ern Economic Journalol. 59, no. 3 (1993), reviews the cost of the
cellular lotteries.
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Conclusion

The FCC audbns have generated sstantial federal
receipts. Most anadysjudge that most of the sales
have also resulted in an efficient distribution of licenses
among contending parties, particularly in comparison
with the alternatives of comparative hiegs and lotter-

ies. Consequently, consumers will soon enjoy the bene-
fits of new and improved services that are delivered in a

more price-competitive marketplace. Fears that auc-
tions ould not be reconciled with other distributional
goals—primarily enabling small businesses to provide
new telecommunications servieeseemunjustified in
light of results to date. The prospect dtigional de-
faults by the winners in the C block auction remains a
concern. But even if such defaults occurred, the prob-
lem lies with the financial incentives offered to auction
participants, not with using auctions to assign licenses
to use the radio spectrum.



Chapter Three

Proposals and Estimates
for Future Auctions

aving licenses to sell and buyers willing to buy
H them were obvious prerequisites to the Federal

Communications Commission'scgess in its
early auctions. Both factors will remain in place until
the commission's authority to auction licenses expires
in 1998. The Ongressional Budget Office estimates
that legislation extending tHeCC's augbn authority
beyond1998 and Bowing the commission to auction
most types of exclusive-use licenses issued to private
businesses would add $6.0 billion &cepts in 1998
through2002, a levefar below the estimatefi27.0
billion produced by auctions conducted in the first five
years of license sales.

Two factors explain the lower estimate. First, the
prices that bidders are willing to pay for the right to use
even the most attractive frequencies will probably fall.
Second, the current system of spectrum mamegt is
unlikely to make available enough high-value spectrum
to drive future recgits to the levels seen to datehwitit
additional legislative direction. Although new technol-
ogies, market opportunities, and the prospect of gains
in efficiency are not lacking, the block allocation sys-
tem has difficulty mediating between the potential gains
from a more economically efficient allocation of the
spectrum and the rights of current license holders.

Legislative proposals that yield regts compara-
ble with those captured during the first five years of
FCC auctions intervene directly in managing the radio
spectrum. The President's budget proposabéB is
typical. That proposal requires that substantial blocks
of contiguous frequencies from the area of the spectrum
under 3 gigahertz be reallocated from current uses to
new ones, and that the FCC igasthe rights to use

those frequencies by auction. CBO estimates that the
President's proposals for such directed reallocations,
when combined with provisions that extend and
broaden the FCC's authority to dantlicenses, would
increase recpts by $24.3 iflion between1998 and
2002!

The Current Allocation of
the Spectrum and Directed
Reallocations

In a formal sense, the radio spectrum is all but fully

allocated: the frequencies between 3 kilohertz and 300
GHz are divided into blocks that are dedicated to spe-
cific services that can be provided only under a defined
set of rules that specify exclusive or shared use as well
as the technical standards for equipment for transmit-
ting and eceiving signal. Frequencies for new ser-

vices and licenses cannot be made available without

1. For similar proposals offered during th@4th ®ngress, CBO esti-
mated receipts in the range®if5 hllion to over$30 hllion, depend-
ing on the specifics of the proposal.

2. Department of Commerce, National Telecommunications and Infor-
mation AdministrationUnited States Frequency Allocations: The
Radio SpectrunfMarch 1996), graphically presents the frequencies
allocated to 30 categories of radio services. It also indicates whether
the service is provided only by the federal government, only by nonfed-
eral entities, or on a shared basis, and whether the service is a primary,
secondary, or merely a permitted use of the frequency band. Bennett
Z. Kobb, Spectrum Guide: Radio Frequency Allocations in the
United States, 30 MHz-300 GHEalls Church, Va.: New Signals
Press, 1996), is a more detailed but atsmssible reference that de-
scribes the current allocation of the spectrum.
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Table 5.
Allocation of the Radio Spectrum to Federal, Nonfederal, and Shared Uses
Federal Nonfederal® Shared
Frequencies Megahertz Percent Megahertz Percent Megahertz Percent
9 kHz to 3.1 GHz 426 13.7 940 30.3 1,734 56.0
3.1 GHz to 30 GHz 1,845 6.9 8,021 29.8 17,034 63.3
30 GHz to 300 GHz 2,000 0.8 7.600 2.8 260,400 96.4
All Frequencies,
9 kHz to 300 GHz 4,271 14 16,561 5.5 279,168 93.1

SOURCE: Congressional Budget Office using data from the Department of Commerce, National Telecommunications and Information Administra-

tion.
NOTE: kHz = kilohertz; GHz = gigahertz.

a. Includes commercial uses as well as uses for state and local governments.

affecting current services and impus costs on current
license holders. Crowding is most evident in the "good
neighborhoods," the frequencies under 3 GHz that by
virtue of their technical dracteristics are more attrac-
tive and valuable than the higher frequencies. Making
room in that area of the spectrum requires current users
to retune the equipment they are now using or buy new
equipment. Clearing large blocks of frequencies usu-
ally involves the latter as well as the additional step of
moving the incumbent services and users to higher-
frequency bands. Although those bands are also allo-
cated for current services, in some cases they can ac-
commodate additional users because they are less inten-
sively used.

The current allocation of spectrum is the product of
the historical interaction of technology, economics, and
institutions. Taken in its entirety, the radio spectrum is
allocated predominantly for sharamnexclusive use
by more than one type of service. Frequencies allocated
in that way are usually open to both federal users (un-
der the jurisdiction of the National Telecommunications
and Information Administration) and nonfederal users
(private entities and state and local governments, under
the FCC's jurisdigdn). The most intensively used and
highly coveted lowefrequency bands are molikely
to be allocated for a single type of service that is pro-

vided exclusively by a federal or nonfederal dser. Both
types of users share 93 percent of the spectrum below
300 GHz, but only 63 percent below 30 GHz and 56
percent below 3.1 GHz (see Table¢'5). Exclusive non-
federal allocations-including those for broadcast tele-
vision and radio, cellular telephone, paging, and the
new personal communications servieegcount for
about 30 percent of the frequencies below 3.1 GHz.
Exclusive federal allocations for services such as aero-
nautical radio navigation, public safety, and national
security occupy just under 15 percent of that area of the
spectrum.

The most common nonfederal uses of the radio
spectrum are well known. Private companies use it to

3. Regarding the relative value of the frequencies above and below 3
GHz, the lower frequencies remain more valuable, advances in tech-
nology not withstanding. Two basic technological issues are impor-
tant. First, at frequencies above 3 GHz, antennas start to lose effi-
ciency, and those frequencies require more power to transmit the same
distance. Antennas can be replaced with relatively expensive satellite
dish-type receivers, but even that solution may not be practical for
mobile technologies. Second, receivers basediconschip technol-

ogy become less effective and in some cases unusable at frequencies
above 3 GHz. QBum arsenide chips may be a workable, but more
expensive, technical alternative.

4. The National Telecommunications and Information Administration
reports data on users for the area under 3.1 GHz, rather than 3
GHz—the frequency used elsewhere in this report.
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provide services such as broadcasting (ground-based
television, satellite television, and radio), mobile com-
munications (voice, data, and paging), and fixed-point
to fixed-point communications (microwave transmis-
sion of telephone signals). State and local governments
also hold the right to use parts of the radio spectrum to
provide services related to public safetyjuding po-

lice and fire service, forestry and conservation service,
highway maintenance, and other local communications
needs such as civil deferfse. Several groups of profit-
making entities, including railroads, public utilities, and
natural gas companies, also have the right to use the
spectrum under a public safety rationale.

Nongovernment use of the spectrum for some
profit-making activities is obviously intensive, particu-
larly in densely populated and profitable urban markets.
For example, using the technology in place, no excess
spectrum is available for commercial teléssor radio
broadcasting in many urban markets. The allocations
for cellular telephone service are also intensively used
in many markets as evidenced by the inability of cus-
tomers to make calls at certain times of the day because
all available frequencies are in use. Public safety users
also claim crowding and seek additional allocations for
the future®

The federal government's uses of the spectrum in-
clude some that are technically identical to nongovern-
ment uses-for example, mobile telephone service on
land, at sea, and in the-aias well as uniquely govern-
mental activities such as monitoring potential military
adversaries. The Department of Defense and law en-
forcement agencies are the largest federal users, ac-
counting for approximately 60 percent of total federal
assignments.  Federal users, like nonfederal users,
complain of crowding and seek larger allocations.
Spectrum that is currently allocated to federal users,

5.  Federal Communications Commissiblotice of Proposed Rule Mak-
ing, WT Docket No. 96-86, FCC 96-155 (April 10, 1996), p. 6.

6. Department of Commerce, National Telecommunications and Infor-
mation Administration).S. National Spectrum Requirements: Pro-
jections and Trend@arch 1995), pp. 26-28.

7. Department of Commerce, National Telecommunications and Infor-
mation Administration, "A Spectrum Information Fact Sheet" (August
16, 1995), Chart 4. This measure reflects the percentage of total as-
signments made to federal users, not the amount of spectrum actually
used or the intensity of use.

however, is often suggested as a source of new frequen-
cies for nonfederal usés.

Problems of measurement make it difficult to eval-
uate the amount of spectrum allocated to the federal
government. It isiniversally @cepted that many essen-
tial services provided by the government require use of
the airwaves. Nevertheless, the absence of a profit mo-
tive for the managers of federal spectrum make it likely
that the federal frequencies are used less intensively and
efficiently than those controlled by private rights hold-
ers.

The current allocation constrains the amount of
frequency in the most valuable areas of the radio spec-
trum that can be allocated from current services to new
ones. Technical change, however, can free up lower-
frequency bands for new allocations by allowing the
most crowded parts of the spectrum to be used more
intensively; for example, using digital technology for
television broadcasting could free up almb40 MHz
of commercially attractive spectrum below 3 GHz and
still accommodate perhaps a sixfold increase in the
number of viewing alternatives (see Chapter 4). Mov-
ing many radio services from analog to digital transmis-
sion is currently the most prominent, but not onéy,
technical force that could make new allocations possi-
ble. Freeing up spectrum for new services and having
licenses to auctieryielding additional federakceipts
—ultimately depend on such changes.

CBOQO's Baseline for the
FCC Auctions, 1998-2007

CBO's baseline is a benchmark for measuring the bud-

getary effects of proposed changes in federal revenues
and spending. Early in each calendar year, CBO estab-
lishes a baseline against which to measure, or score, the
spending and revenue effects of legislative proposals

for the entire yeat. The baseline for FH@C audbns

is a projection of theecepts that vill be deposited in

8. See, for example, statements of Dale N. Hatfield, a Senior Fellow of
the Annenberg Washington Program, and Charles L. Jackson, princi-
pal of Strategic Policy Research, before the House Committee on
Commerce, September17995.

9. Baseline projections are updated in a midyear review, but those projec-
tions are not used for scoring purposes.
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Table 6.
Projected Receipts from FCC Auctions (In m illions of dollars)
Actual

Auction 1995 1996 1997 1998 1999 2000 2001 2002 2007 Total?
Broadband Personal
Communications Services 7,050 50 8,900 4,000 250 250 150 0 0 20,650
Other 600 300 700 3,100 1.350 300 _0 0 0 6.350

Total 7,650 350 9,600 7,100 1,600 550 150 0 0 27,000

SOURCE: Congressional Budget Office.

a. The Federal Communications Commission's (FCC's) authority to auction licenses expires in 1998. Receipts are shown for years after 1998 to
account for delays in transferring the payments of auction winners from the FCC to the Treasury and for a small amount of installment payments
recorded on a cash, rather than a credit reform, basis. Totals, although summed over the seven-year period from 1995 through 2001, represent
the receipts raised by FCC auctions over the first five years of auction authority, 1994 through 1998. Totals through 2007 are the same as through
2002 because no additional receipts are expected under current law after 2001.

the Treasury over 10 years based on laws in existence
in the year that the projection is made.

CBO's baseline projections BEC audbn receipts
is $27.0 billion for1994 though2007 (see Table 6).
Of that sum, $8.0 billion was deposited with the Trea-
sury in 1994 though1996. CBO estimated thahder
current law, the FCC auohs will yield an additional
$19.0 hllion in recepts though2002. Alhough the
receipts covered in the bése include only those ex-
pected from FCC auaons concluded by September 30,
1998 (when the commigm's authority to auction li-
censes expires), some rgasiare shown in later years
primarily to account for delays in issuing licenses to
winning bidders and the subsequent recording of those
receipts in the bdget. Theecepts from the auans
for broadband personal communications services repre-
sent about 70 percent of the projected total. Unique
aspects of recording tHeCC audbn recepts in the
budget are discussed in Box 2.

The process of building a baseline F6&€C auction
recepts bgins by predicting the auctions that the com-
mission will conduct and how much those auctions will
raise net of bidding discounts. Although in many cases
those plans are clear, current lgives theFCC sub-
stantial discretion about what frequencies will be allo-
cated to what services, under what terms and condi-
tions, and, accordingly, whether auctions will leees-

sary to assign licenses. Moreover, H&C does not
usually plan its spectrum allocations and license auc-
tions for the next 10 years. Thus, formulating a baseline
requires that CBO predict the behavior of a regulatory
body whose actual behavior could be influenced by
countless and uncertain legal, economic, technical, and
political factors.

To estimate the reqais that each-CC auction
could generate, CBO analyzes pastianatesults and
the prices paid for FCC licenses in private sales and
gathers opinions about the value of the licenses to be
sold from experts in the policy, industrial, technical,
and financial communities. Further analysis is under-
taken when a specific auction (or auctions) appears
likely to be a major contributor to repés° In aldition
to the sum of recpts anticipated from planned and
likely aucions, the baseline includes an "other" cate-
gory of unspecified auctiorecepts (currently $2.5 bil-
lion spread over the 1998-2000 ipel) to cover oppor-
tunities that are permitted by current law but cannot yet
be identified.

Estimating theecepts generated biyCC audbns
has proved to be a difficult task. CBO, the Office of
Management and Budget, and the budget committees of

10. Congressional Budget OfficByctioning Radio Spectrum Licenses
(March 1992), was one such effort that focused on the personal com-
munications services auctions.
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the Congress all dramatically underestimated the re-
ceipts that thé-CC raisedunder the auction authority
granted by the Omnibus Budget Reconciliation Act of
1993. The results ofecent audbns provide a good
deal more evidence than was previously available about
spectrum receiptsionetheless, the future course of reg-
ulation, technology, and investors' perceptions of mar-
ket opportunities remain highly uncertain.

Estimates of Recets for
Proposals Concernim
the FCC Auctions

Legislative proposals that change the commission's be-

havior in ways that affect auctioagepts are evaluated

Box 2.

Two features of the budgetary treatment of the receipts
from auctions held by the Federal Communications
Commission (FCC) deserve special attention. First, in
some cases, auction receipts are recorded in the budget
many months after the conclusion of an auction. Sec-
ond, the installment payments that some auction winners
are permitted to use are treated as direct loans subject to
the requirements of the Federal Credit Reform Act of
1990. Both issues come into play in the budgetary treat-
ment of the receipts generated in the C block auction of
licenses to provide broadband personal communications
services (PCS).

Although the winners in the FCC auctions con-
cluded in 1994 tlough1996 bid over $20itlion for
the licenses they sought, the Treasury has recorded only
$8.0 billion as offsetting receipts for those same years.
The lag occurs because the FCC must review the license
application for each winning bidder and resolve any out-
standing legal challenges to the licensee before a license
is issued and the auction receipts are recorded in the
budget. Legal challenges of one sort or another have
arisen for most of the FCC auctions. Resolving legal
issues for only one auctiesthe C block sale of PCS li-
censes-would increase the recorded auction receipts by
about $10 Hlion.

The Office of Management and Budget (OMB) and
the Congressional Budget Office (CBO) have deter-
mined that the installment payments granted to winning
bidders that are small businesses or businesses owned
by members of minority groups or women constitute
direct loans as defined under the Federal Credit Reform
Act of 1990. The bdgetary treatment of direct loans
requires entries in three different accounts. Total re-

Issues Concerning the Budgetary Treatment of Receipts
from the FCC Auctions

ceipts from an auction minus administrative costs (tha
is, the down payments of winning bidders and the
amount of the winning bids that is financed in the year ir
which the FCC issues the license) are recordedén a
ceipts account The subsidy cost of the direct loan is
also recorded as an outlay fronpgram accountn
the year the license is issued. Finallfinencing ac-

count which has no budgetary standing, records the¢

cash flows from the loan and subsequent installmen
payments in the years in which they are made.

The subsidy cost of a direct loan is the sum of any
interest subsidy and a default allowance, which recog
nizes the possibility that some winning bidders may fai
to make their payments. The C block auction account
for most of the subsidy costs shown in both CBO's an
OMB's budgetary estimates of the FCC's auction re
ceipts. Both estimates assume a subsidy rate of 12 pq
cent and, accordingly, show $1.1 billion in outlays over
the 1997-1999 period in the FCC prograccount.
That estimate, however, reflects only a default allow
ance-the gross amount of the winning bids on licenseq
that winning bidders subsequently default on minus th¢
receipts generated by reauctioning those licenses.
includes no interest subsidy because the interest rate th
licensees pay under the FCC installment plan is equal
or greater than the government's borrowing rate for del
of comparable maturity. Although that accounting treati
ment captures the budgetary effect of the government
direct loan to winning bidders, it does not capture wha
most observers would consider an economic subsidy
the value of the difference between the interest rate th
winning bidders in the FCC auctions pay and the highg
rate they would have to pay if borrowing from private
lenders.

—

14

—

=

h

=
1

L

at

~+ O




34 THE FCC AUCTIONS AND THE FUTURE OF RADIO SPECTRUM MANAGEMENT April 1997

The President's budget fa998 proposes four basic
measures that would increase the receipts from the Fed-
eral Communications Commission's (FCC's) auctions
over the 1998-2002 period. Those measures would:

0 Broaden and extend the FCC's authority to auction
licenses to use the radio spectrum, make a directed
reallocation of 120 megahertz (MHz) of spectrum
below 3 gigahertz (GHz) currently allocated for
nonbroadcast use, and auction licenses permitting
the use of those frequencies;

0 Reallocate 78 additional MHz of spectrum cur-
rently allocated to broadcast television and auction
licenses to use that spectrum;

0 Reallocate 36 MHz of spectrum currently allocated
to television channels 60 to 69 and auction licenses
to use that spectrum; and

0 Auction telephone numbers with 1888 area code
for toll-free calls (a subject outside the scope of this
study).

By the terms of reference developed in this study, the
President's proposals related to the radio spectrum
broaden and extend the FCC's auction authority and di-
rect the reallocation and subsequent auction of the right
to use 234 MHz of spectruomder 3 GHz.

The Office of Management and Budget (OMB) es-
timates that the Administration's proposals will raise
$36.1 hllion during the 1998-2002 period. That
amount is in addition to the receipts from auctions au-
thorized under current law. The Congressional Budget
Office (CBO) estimates that the same basic policy pro-
posals will raise roughly two-thirds as mugR4.3 bil-
lion, over the same period (see the accompanying table).
A contingent, or fail-safe, policy devised by the Admin-

Box 3.
A Comparison of the Congressional Budget Office's and the Office of Management and Budget's
Estimates of the FCC Auction Receipts in the President's Budget Proposals ft998

istration closes $9.4 billion of tH#11.8 Hhllion differ-
ence between the OMB and the CBO estimates. That
policy would impose a one-time fee, to be divided
among the current holders of television broadcasting
licenses, if receipts fell short of OMB's estimate of
$14.8 hllion for 78 MHz of spectrum currently allo-
cated to television broadcasting to be auctioned begin-
ning in 2001. The fee would be equal to the shortfall.
Including the contingent policy brings CBO's estimate of
receipts to $33.7illion compared with OMB's$36.1
billion.

CBO's estimates are similar to OMB's for broaden-
ing and extending the FCC's authority to auction licenses
and for the receipts that reallocating and auctioning li-
censes to use 120 MHz of nonbroadcast spectrum would
yield. The two estimates differ significantly, however,
for the two television-related components of the budget
proposal. The greatest reason for that difference is that
CBO assumes that prices for FCC licenses will gradu-
ally fall, whereas OMB's estimates assume that prices
will remain constant at the levels recordedeicent auc-
tions. Both CBO and OMB adjust the receipts esti-
mated for specific proposals using their assumptions
about the basic path of license prices and the quantities
of spectrum to be licensed and assigned by auction ac-
cording to the details of the proposal. For example,
OMB adjusts upward its estimate of the receipts from
auctioning licenses for the 78 MHz of spectrum cur-
rently allocated to broadcast television; it does so to ac-
count for its belief that those frequencies are of superior
guality to other pieces of the radio spectrum under 3
GHz.

The difference between the CBO and OMB esti-
mates is further illuminated by comparing both with
those offered by each agency for proposals affecting the
television spectrum in the last budget cycle. CBQO's cur-
rent estimate, on a per-megahertz basis, is close to its

as additions to (or subtractions from) the baseline. The CBO distinguishes between proposals that extend
President's budget fa&998 proposes several basadip current law and those that direct the reallocation and
cies that CBO estimates would increaseepts by subsequent auctioning of licenses for frequencies that
$24.3 lillion for the 1998-2002 peéod. The Office of are currently allocated to specific services and, in many
Management and WRlget estimates that the same pro-  cases, licensed to specific users. The President's budget
posals would increase repts by $36.1 itlion. (Box 3 includes both types of proposals.

compares the CBO and OMB estimates.)
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projections for last year. OMB, however, has increased
its per-megahertz estimate by more than 40 percent.
For last year's budget proposal, both CBO and OMB
estimated television receipts on the basi$sif MHz.
Currently, the President's combined television proposals
would make available only 114 MH=zabout 25 percent
less than last year's proposal. Thus, when CBOQO's previ-
ous estimate for the television spectrum of $1@ldib

is compared with its current estimate of $7.8 billion,
most of the difference is explained by the reduced quan-
tity of spectrum available to license and sell.

Estimating the receipts yielded by the auction of
FCC licenses is fraught with uncertainty. Neither OMB

Receipt Estimates for the President’4998 Budget Proposal
for Additional FCC Auctions (By fiscal year, in millions of dollars)

nor CBO can forecast with complete confidence thd
trends in technology, regulatory changes, and other fa¢
tors that would affect the prices for spectrum licenses
assigned by auctions. With the exception of OMB's est
timate for the 78 MHz of spectrum proposed to be aucr
tioned in 2001, CBO believes that all of the current esti
mates by both agencies are reasonable, given the consjd-
erable uncertainty involved. CBO expects market prices
to decline gradually as more spectrum becomes avail-
able—an assumption that makes its estimate for the 78
MHz of reallocated television spectrum logically consis-
tent with its projections for other auctions. It is difficult
to discern the rationale for OMB's substantially higher
estimate.

Total,
1998 1999 2000 2001 2002 1998-2002
Nonbroadcast Spectrum
CBO 0 2,300 4,000 4,500 4,900 15,700
OMB 1,400 1,800 3,800 4,500 5,600 17,100
Analog Broadcast
CBO 0 0 0 0 5,400 5,400
OMB 0 0 0 0 14,800 14,800
TV Channels 60 to 69
CBO 0 0 0 1,200 1,300 2,500
OMB 0 0 0 1,800 1,700 3,500
888 Numbers
CBO 0 700 0 0 0 700
OMB 700 0 0 0 0 700
Total
CBO 0 3,000 4,000 5,700 11,600 24,300
OMB 2,100 1,800 3,800 6,300 22,100 36,100

SOURCES: Congressional Budget Office; Office of Management and Budget.
a. The estimate includes $6.0 billion eceipts from broadening and extending tB¥CF authority to auction licensees.

crease recpts by $6.0 Wion through2002!* All of

Extending and Broadening
the FCC's Auction Authority

the technological, legal, and regulatory factors that

CBO estimates that the President's proposa| to extend 11. The Omnibus Budget Reconciliation Acti®3 limited the commis-

the FCC's authority to auction licenses bey@9888

and to broaden the commission's authority to include
most licenses sought by a private business would in-

sion's authority to a five-year period ending in 1998. Thus, simply
extending that authority will increaseceipts above the level included

in the current baseline. OBRA-93 also limited the commission's auc-
tion authority to licenses that businesses would use to provide services
on a subscription-fee basis.



36 THE FCC AUCTIONS AND THE FUTURE OF RADIO SPECTRUM MANAGEMENT April 1997
Table 7.
The Federal Communications Commission's Plan for Reallocating the NTIA Spectrum

Initiation of

Rule-Making for
Reallocation to

Frequencies Megahertz Availability Nonfederal Uses
Group 1 2006
1390 MHz to 1400 MHz 10 1999
1427 MHz to 1432 MHz 5 1999
1670 MHz to 1675 MHz 5 1999
1710 MHz to 1755 MHz 45 2004
65
Group 2 1996
2300 MHz to 2310 MHz 10 1996
2390 MHz to 2400 MHz 10 1995
2400 MHz to 2402 MHz 2 1996
2402 MHz to 2417 MHz 15 1995
2417 MHz to 2450 MHz 33 1996
70
Group 3 1997
3650 MHz to 3700 MHz 50 1999
Group 4 2006
4635 MHz to 4660 MHz 25 1997
4660 MHz to 4685 MHz 25 1995
50

SOURCE: Congressional Budget Office based on Federal Communications Commission, Plan for Reallocated Spectrum, FCC 96-125 (March

1996), pp. 2-3.

NOTE: NTIA = National Telecommunications and Information Administration; MHz = megahertz.

complicate estimating the current-law baseline become
more difficult to predict as the projection period is ex-
tended. Two events seem certain, however, if the
FCC's basic auicin authority is extended.

First, the commission will auction licenses granting
the right to use spectrum that was formerly allocated to
federal uses. OBRA-93 directed the National Telecom-
munications and Information Administration to transfer
at least 200 MHz of spectrum from the frequencies un-
der 5 GHz from its federal jurisdiction to tRe&C's
nonfederal jurisdiction. The law directed th€C to
allocate that spectrum to new services, but eces
sarily ones that would require exclusive licen