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laking the Next Step Beyond Spectrum
Auctions: Open Spectrum Access

Better to approach spectrum use in a pragmatic and searching fashion than
with an ideological mind set that equates the free market with one and only
one particular-allocation technique. Auctlons are fine for today, but we

should be ready to take the next step

“_ )
Eli M. Noam

Efd M. ‘.-\'GAH is;ﬂ:fr.;mr of
finance and econcmics at the
Coliemnbta Uneversity Gradu-
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1o aof the Columbia fnstiture .
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Jurrner public senace comnis-
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"1 dmong économists, the
concept was embraced by,
among others, such dia-
merically opposed -
authors as George Stigler -+~
on the right and Abba - ..
Lemer on theleft [1].

. The Debate about Auctrons

The arguments for auctions are well l\nown. '

or all the Washington talk about
building the National Information
Infrastructure, its major concrete
accomplishment and outstanding
success so far has been the introduc-
~tion of spectrum auctions. In the
process, auctions have risen from obscure aca-

z:demic theory to dominant policy orthodoxy.
“Almost anvone, it scems, loves auctions: many

liberals, because it makes business pay jts way
and generates government revenues; and most

conservatives, because it substitutes market,_‘_ »

mcchamsms for government controls,”

- However, il so many agree with the idea of
an auction and for such different reasons,!
maybe it is time to reexamine it. My own conclu-
sion is that while the present auction system is
{ar better than what we had in the past, it is still
not the best way to go in the long run, and that
it should be updated by a system of open spec-
trum access coupled with a dynamic access fee.
The technology for such a system, while not
available, seems within reach; but to develop it

... requires policy makers to first take the next step,
. 7 and to think of spectrum use not in terms of
.. exclusive ownership but of multiple access. In-

the process, the dominant paradigm for spec-

trum allocation has to change, from Occupancy
and Licensed Privilege in the past, to Ownership
(or long-term lease) at present, to Access in the

SR

An auction is better than a mindless lottery,
or than comparative administrative hearings with
their inevitable legal maneuverings. It takes poli-

- tics out of the process. It gets spectrum resources

quickly into the hands of users that value them
highest. It rationalizes the assignment process
while recovering the value of the specirum to

" the public. It creates certainty and incentives to

invest. And in any event, private auctions already

- exist in the form of a resale market.

* All this is largely true. However, the issue is

»+ public service in the midst of a commercial and

not whether auctions are better than the strange
and wasteful systems which we have used in the
past, but whether they are better in the long run
than other alternatives. :

The counter-arguments to auctlons are also
well known, They are those of existing stake- "

 holders, of potential entrants who feel better

served by the political process than the market,
or of those who view spectrum as a public sphere

- subject to public goals. Broadcasters, for exam- -

ple, argue that aucuons should not extend to
them, because:

" * They are required to perform publlc service

obligations.
. Theyhaveusuallyalreadypaldforthellcenseonce
by buying it in the after-market. :

- » It would be unfair to make them bid retroac-

tively for an asset whose value they had creat-

ed. o
Other objections are those of gcwernmental _

users who fear that their hold over vast chunks

of free spectrum might be reduced once jts' .-
- opportunity cost were more precisely known; by
radio amateurs, who tend a non-profit spectrum. - -

garden dedicated to technology experiments and

governmental wilderness; and by those who
believe that vesting ownership based on today's

" technology will complicate the speedy depiay-"

ment of new technologies in the future and lead |

. to inefficient allocation. An influential opposi-; - .

tion comes from parts of the publlc mterest com:
munity, which fears: )
* That regulatory power over TV on behalf of
= public interest goals would decline if renew- -
able licenses were replaced by permanent
property rights :
¢ Thatanallocationtothe hlghestbrdderwould raise -
barriers to small entrants and reduce diversity .
* Thatauctionswould squeeze out free publlcaccess o
and non-profit educational activities 15
Even economists concede that market prices

‘do not necessarily reflect all social value, because = -

social value also includes consumer surplus (i.e.;: |
the benefit to a consumer above the market
price). For broadcasting, whose economics are
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- convoluted because it sells audiences to advertis-
ers rather than tickets to audiences, the surplus
of social qver private value has been estimated
to be seven'times as high as market price [2].
Thus, if a broadcast channel switches out of TV
and into mobile telephony, the overall impact
may go far beyond that of a private transaction.
Similarly the buy-out of a competiior may have
an 1mpact beyond the private transaction price

in that it may lead to higher prices for the users . _

of a service, which is also part of social cost.
These social costs and benefits have been used
as an argument for a polmcal or adnumslraiwe
allocation of spectrum. RS- R

On the whole, the argumenls in favor of auc-
tions for new services are stronger than the argu-

_ments against, partly because most legitimate
problems raised by the critics can be dealt with ~"

in other and often more efficient ways. But this
does not make auctions necessanlv the best
approach for the future.

Surprlslng!y missing in a crmcal evdluauon of
auctions is a free market perspcclxve Where
such criticism has been voiced it has focused on
the specifics of the FCC auction scheme. such as
the extent of duration, allocation and flexibility

of the licenses involved, not on the concept

itself.? Indeed, havmg fouom a long. hard, suc-
cessful fight for aucuons, its advocates often

seem incapable of viewing skepucnm 1houl auc-. .-

tions as anythmg but a pro-s state posmon

Auctions :uéudget Policy or
Commumcat:ons._Pohcy7

The FCC auctions have been ‘:ophmucatcd in

technical terms,.superior to the old system,
and well executed as an operation. They benefit-
ed from the contributions of game theorists
secking a new field after the end of the Cold
War. Underlying any game is an optimization
goal. The underlying objective for the auction
“game” was to raise revenues for government.
This is usually denied quite heatedly, and vari-
ous other considerations are cited, such as mov-
ing spactrum to the users va]uing it most and so
on., However, the political fact is that ‘auctions
~were approved, after years of Democratic oppo-
sition to them in Congress, as a measure to
reduce the budget deficit, Allocating spectrum
resources efficiently was a sccondary goal at
best. Certainly, the objective maximizing func-

tion may have been constrained in several ways, -

such as by rules against monopoly and in favor
of diversity; but these additional policy consider-
ations were only the fig leaf over the main rea-
son: raising money for the empty coffers of the
Federal Government. The rest is largely tech-
nigue. But is useful budget policy also good
communications pohcy" Therc are several prob-
lems. :

The Administration's Go'al‘ls fo A&Vance
the National Infrastructure — There seems

to be widespread agreement that this should be- -

done without government money; but are we not
actually now doing the opposite of making pub-
lic investments? Through auctions, we are taking
money out of the infrastructure and away frorn

telecommunications carriers and throwing it into
the black hole of the budget deficit. For decades,
America's telecommunications system was supe-
rior to that of other countries, often because
these countries used telecommumcatlons asa
cash cow for general government expenses. Now
we have embarked on the same road, just as
other countries have left it at our urging.

In fairness, this is not due to the FCC auc-
tions per se bul due to the way the revenues are
being used by Congress and the Executive,
Therefore, to avoid siphoning resources from
the infrastructure into general public consump-

~ tion — the opposite of a pro-investment commu-

nications pO]le -— one would have to
complement auctions with a recyc]mg policy that
returns the revenues to communications infras-

" tructure and its applications. It is one thing 1o

sell assets and re-invest the proceeds, but ours is
now a system of funding current consumption.

An Auction Payment that Must Be Paid in
Advance Is a Barrier to Entry, Unless Capi-

tal Markets Are Perfect, which They Are

Not — This especially affects small firms and
unproven technologies that cannot find partners
to share the risks. Therefore, an up-front pay-
ment will reduce the pool of entrants. It also
tends to exaggerate actuai net revenues rajsed

because there is a trade-off between short-term’
- revenue 1o the treasury and long-term reduced
- tax leIdS License payments can be deprecialed
- against corporate income. and are also likely to™*

reduce dividends. Under quite reasonable
assumptions, each doliar of auction revenue tax

- is reduced by about 25 cents of reduced tax rev-’

enues in present value,

Advocates of auctions claim that they are nei-
ther a barrier 10 entry nor a tax, because they
merely duplicate the past “private” auctions of

~ the after-market. What they seem to have in

mind as an alternative to an auction is a loitery
sysiem with an after-market, which indeed cre-
ates windfalls, transaction costs, and delay. How-
ever, suppose the alternative were not such an
inefficient (though unfortunately real) system,
but a merit-based comparatwe selection (e.g.,
based on an explicit scoring criteria and evaluat-

...ed by an expert panel like a scientific grant pro-|

: posal) coupicd with a ten-year non-resale”

. provision.”(This is not the author's recommend-
ed solution, but at least it is-a more sensible

comparative vardstick to the auction than the

- lottery and resale system, against which almost -
. any alternative looks good) Such a system would
have lower entry costs since no bids would have’

to be paid for; and prices would be lower since,

to the Iicensees the spectrum would not have
much of an opportumty cast that would have to
_be factorcd into the service price. :

An Auct:’on /s a Tax — Auction advocates
deny this, arguing that consumer pricing depends
on the spectrum's opportunity cost rather than

historic basic cost, and that Opportunity cost is -

the same as it is for a lottery and resale system.

. Put in such a context, they are correct. Yet how

can one possibly deny that the billions of dollars
raised by an auction are paid for by the private
sector and end up with the government? That,

Through
auctions, we

are taking

-money out

of the

infrastructiure -

and away
Jrom tele-
CO;mmuzk‘a-
tions carriers
and throwing
it imo the .
black /10/(3
of rhe budge

2 The exception is George

Gilder 3] whose perspec- - -

tive is Io overcome scarci-

1y by superior technology. = .-

Criticism has also been
voiced in'the Telecom-
munications Policy
Review published by Ken
Robinson. '
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3 On the plus side,
because the auction pay-
ment is an up-front and
thus lump-sum tax, it

should have little impact -+ -

on marginal cost or
behavior once operation
commences, whiclt is
positive feature as far us
1axes go.

4 An example from anoth-
er level of communica-
tions policy: American
municipalities receive 5
percent of the revenues of
Jrenchised cable television
operations. They have
now sought to expand this
Jee (which is rooted in the
use of public rights-of-
way) o cable alternatives
such as direct satelflite
broadeast and building-
based satelite masier
antenna.systems that do
not use public rights-of-
way, partly o “level the
playing field.” and partly
1o protect their nevenue
source. A future interac-
thee, server-based video
service that is accessed
Interner-stle may have to
deal with similar issues.:

3 Similarly, the absence of o
usage flexibility builf into™

the licenses —a PCS
license cannot be used, for
example, for TV broad-
casting— is likelyto "
reduce the bid prices. The

exception to such reduc- "

tion would be where, as in
neighborhood zoning, the
positive externalities of an
entire frequency band
“zoned” for the same use
are strong. For example,
_consumer equipment
might become cheaper
and therefore widespread
if a certain use is clustered
in a narrow frequency -
band rather than scattered
throughowt the entire
range of frequencies.

o

- some “winner’s curse” and, after a shake-out

«-such structural rules would limit the ability of

.. another, since such exit may well impermissibly
“concentrate the market in the departed service.

- excellent way to protect against oligopoly. The

- though the FCC is seeking it. But it must be

“Auctions Can Lead to Oligopoly — If one

spectrum flexibility, imposing structural rules of
3 ownership limitation and using antitrust law.>+:

- shlp limitations are regulatory in nature, may .
. conflict'with potential efficiencies of scale and *~

- reduce opportunity cost; but here, the govern-

revenue needs and stakeholder interesis. Just as
New York cab drivers have used politics 1o keep
the number of taxi cab medallions al the same
level since the Great Depression in order 1o pro-
tect their investment, so will existing spectrum
holders be united in the desire to stave off the
opening of spectrum to new entrants who will
not only compete with them for future business
but also depress the value of their past invest-
ment in spectrum. Government has a related
revenue-based incentive o keep spectrum prices
high by limiting supply. Thus. government could
become the spectrum warchouser and protector

after all, is the Congressionally mandated point
of the whole exercise. When it comes to con-
sumer prices, the argument of the opportunity
cost (that prices would not be affected) holds
when the lottery and resale system is the one
contrasted. If, instead, the alternative described
above - objective selection criteria and resale
limitations — were chosen, the opportunity cost
would drop, and with it prices, in comparison to
the auction-based prices. Thus, customers would
pay less, carriers would pay less, and the govern-
ment would coliect less

truly wants lo maximize government revenue, [1]
one should auction off the exclusive rights of the
monopoly. The highest auction bid would be the
present value of monopely rent. The winner’s
profits would be normal, but price would be at
the monopoly level. The FCC recognized this
and auctioned off several PCS licenses, not just
one. This was wise, but it is much harder to bar
oligopolistic bids. The highest bidders will be
those who can organize an oligopoly. This is
facilitated by bidding “consortia” of companies
that would otherwise be each other's natural
competitors, and which aim to colluborate under
some rationale of synergy. Second. after the auc-
tion, the high bidders will collectively suffer from

The other major way to deal with oligopoly is
through antitrust law, but that brings govern-
ment right back, through its role in prosecution.
adjudication, and enforcement. Some people
consider antitrust enforcement morally purer
than regulation, despite its sledge-hammer style.
They seem to have lorgotten the political
involvements of the Justice Department in virtu-
ally everv Administration of this century. Some
people also seem to love antitrust more as a gen-
eral theory than as a practice. for example. in
the application of the AT&T consent decree.

Where Is This Going to End? _

ike diamonds, budget pressures are forever.
There is never enough money. This creates a

period, will collaborate, because otherwise they
might not be able to support their bid price’s -
cost. “Sunk costs™ are passively accepted only in
compelitive markets, and after the faet.
Oligopolists. on the olher hand, will attempt to
inflate opportunity cost and other means in
order to recover their bid price and more. This
does not require an explicit agreement, just com-
monality of interest, and is therefore difficult to
identily. Even with multiple service providers
left nationally, there would be pressures for con-
centration to take place locally. similar to the
dominunce by airlines of “their” hub cities.
Oligopoly can be attacked in several ways —
by adding spectrum aliocations, encouraging

ones of the up-front-cash type rather than the
pay-as-you-go type. In 1995, fur example, the rel-

instruction to raise another S15 billion. As this
takes place. regulatory decisions may be influ-
enced by their impact on revenue. As one Sena-
tor put it. an agency ostensibly respunsible for
regulation could be turned into o giant cash reg-
ister. Once a certain dependency on revenues
from communications has been crc.ntcd it may
affect substantive policy.

It is argued that the auctions are not for full

without a real difference. The strong expectation
is that the lease will be almost automatically
‘renewed, just as it has been for TV broadcast

- This is indeed FCC policy. However, owner-

are at odds with the stated goal of moving spec-
trum to the highest-value user. Addltlonal]y,

exit'by-a spectrum hotder from one usage to .
sons. In cable TV the nonrenewal of franchises
is similarly rare. For all practical purposes, the
Flexibility of entry, on the other hand, is an
the slight uncertainty will lower the prices a bit.?
présent auctions do not permlt such flexibility, Everybody will get into auctions, because
bia and Alaska are hurting. Local governments
may start auctioning off cable licenses, but prob-
ably not to the first cable franchise, where renew-
al is protected, only to its competitors.

kept in mind that entry into scrvice B means exit
from A. Thus, the FCC's policy in favor of spec-
trum flexibility may collide with its structural
anti-oligopoly goals,

- There must also be enough spectrum auc-
tioned off to attack oligopolistic tendencies and "*'ly for'an auction system. ‘ There will be auctions

everywhere, in any country in search of hard cur-
ment is conflicted. Release more spectrum, and
its price drops. The quantity released is affected
not only by policy considerations, but also by

move out of purely national operations, will do a
major part of the paving. Since spectrum use is

of oligopoly, a funcuon it hdS played hnswncal]\ o

dependence on still more auctions, especially

cevant Congressional commitiees received:

ownership and only for a long-term lease or .
business license, but this is a legal dmmcuon =

licenses, where of more than 10,000 renewals
between 1982 and 1989, less than 50 were chal-
lenged and fewer than a dozen were not
renewed, virtually never for comparative rea-. -~

auctions are for permanent occupancy, though .

everybody has a budget deficit. Even Saudi Ara- ...

Internationally, American firms will pay dear-

rency, and American companies, leading the .. ..

68
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* derivative of international allocations of both
spectrum and orbital slots, international organi-
zations could also get into auctions.

For example, the International Telecommuni-
cation Union’s former Secretary General,
Richard Butler, in a speech in October 1995
before the world’s largest Telecom event, the
ITU’s Telecom *95 in Geneva, argued that the
1967 Outer Space Treaty excluded a country
from appropriating the profits from space fre-
quencies for itself. Such revenues would have to
be shared with the rest of the world. *For whose
benefits should the ecanomic form of rent be
applied — one single nation or group of nations
or the whole community of nations?” In the
same week, his Australian compatriot, foreign
minister Gareth Evans, argued to the United
Nations that its chronic financial problems
should be remedied by “other revenue options
that are international and take place within a
framework of law and coopcration provided by
the United Nations.” Joined together, these
arguments may well lead to the conclusion that
some international organizations and operations
should be financed by international spectrum
auctions.

International satellite ventures such as the
low-orbit Iridium or Teledesic would then be
subject either to many other countrics’ auction
systems, or to some international scheme that
would inevitably be politicized. The American
concept of giving some help to small businesses
in an auction® might then be carried on 1o small
and poor countries to ensure that they will not
be squeezed out.

It has been argued that at least auctions put a
foreign government's decision process into the
open, away from influence peddling and corrup-
tion, and that auctions thus play a liberalizing
role in facilitating competition. This might be
true in some cases, but the opposite to liberal-
ization is just as likely. A revenue-strapped
country is more likely to sell off a monopoly
license than competitive ones, because this will
fetch the highest bid price. The determination of
the appropriate market structure therefore will
provide ample opportunities for manipulative
interventions. And the nonpolitical nature of the
auction can easily be undermined by various
domestic preference systems, such as requiring
bidders to join up with favored local partners or
to undergo an approval process,

A Better Alternat:ve Open
Spectrum Access =

Thc alternative to the present auctions is not
to return to the wasteful lotteries or compar-
ative hearings of the past, but to take a further
step forward, to full openness of entry, which
becomes possible with fully digital communica-
tions. Auctions are good for now, but there is a
better next step, a free-market alternative to the
present auction System: an open eniry spectrum
system. In those bands to which it applies,
nobody would control any particular frequency.
In this system no oligopoly can survive because
anyone can enter at any time — large, small,
white, black,-male, female, American, foreign.

There is no license, and no up-front spectrum
auction. Instead, all users of those spectrum
bands pay an access fee that is continuously and
automatically determined by the demand and
supply conditions at the time (i.e., by the existing
congestion in the various frequency bands). The
system is run by clearinghouses of users.

The underlying present auction system is
premised on an analogy to land ownership (or

long-term lease). This is based on a certain state

of technology. In the past and present, the fixed
nature of a frequency usage had a stability that
is indeed reminiscent of land. However, that was
based on the relatively primitive state of technol-
0gy, in which information was coded {modulat-
ed) onto a single carrier wave frequency or at
most a small frequency range. To prevent inter-
ference with other information encoded on the
same carrier wave, the spectrum was sliced up,
allocated to different types of usages, and
assigned to different users. It was as if a highway
were divided into wide lanes for each type of
usage — trucking, busing, touring, etc. — and
then further into narrow lanes, one for each
transportation company. Once one accepts this
model for spectrum one can argue about how to
distribute the lanes, whether by economics, poli-
tics, chance, priority, diversity and so on. But it
is important not to take this model as given and
focus one’s attention on merely optimizing it. To
stay with the example, why not intermingle the
traffic of muitiple users? And if the highway
begins to fill up, charge a toll to every user? And
make this toll depend on the congestion, so that
it is higher at rush hour than at midnight?

Even the highway scenario has a single-

dimensionality to it, with point A connected to
point B. Let us imagine instead a big ski resort,
with many entrances, dozens of lifts, hundreds of
runs and thousands of people cruising through,
cach headed to their own destination in seem-
ingly random patterns. If any lift or run is crowd-
ed, a skier will seek a different path. If
congestion is too great, the ski resort will raise
the admission ticket price (e.g., set weekend
prices higher than for weekdays). In such a sys-
tem, nobody buys ownership to a slice of the
mountain, but rather access to the mountain
environment, A similar concept applies to access
to the spectrum “cloud.”
“ Access rights are economically relevant only
when there is scarcity. Whenever there is no
scarcity, there is no need to allocate, and the
price would be zero. Anybody could enter. How-
ever, absence of scarcity is neither the interest-
ing nor the usual case. Nobody “owns” the air
route Cleveland - San Jose, and anybody could
enter; but if landing slots or airport gates are
scarce, an allocation must take place. In spec-
trum usage there are times of day and parts of
the country where spectrum usage is always low,
but it is realistic to assume that if there are mul-
tiple potential users and no restrictions, conges-
tion will occur.

The first response to scarcity would be tech-
nological (e.g., reducing transmission power,
adding more transceiver sites, pushing the fron-
tier of usable spectrum, ete.). The history of
radio communications is the history of increasing
spectrum utilization through technology. Mar-

Auctions are
good for
now, but
there is a
better next
step, a free-
market
alternative to
the present
auction
system. an
open entry
spectrum

System.

6 When the U.S. Supreme

Court found race and

gender set-aside programs "~

presumprively unconsitu-
tional and subject to strict
judicial scrutiny in anoth-
er context, the FCC
dropped these aspects of
its auction plan in order
1o prevent uncertainty
hanging over the results of
its next quction. Adarand
Constructors, Inc. v.

" Pena, 63 US.L.W. 4523

{June 12, 1995).
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Because_
of the
dynamic
nature of
the access
price, an
open access
system
creates a
continuous

bidding.

7 The bunds in which the
new specirum regime
would be instinuied should
noi conflict with intema-
tional treaty-level alloca-
tions, but it might be
desirable 1o renegoriate

' the antigudied system of
international usage-specif-
ic allocations.

8 On the other hand, high-
er marginal costs increase
the stability of a cartel.

s

coni’s original contribution was not only to use
vlectromagnetic propagation to transmit informa-
lion, but to create the means to separate (“tune”)
different frequencies from each other. Today, it
has been said that we can use about 30,000 times
as much spectrum as Marconi could [4],

Another technology response is to use spec-
trum morc evenly across frequencies. B might be
able to use a frequency usually occupied by A at
those times when it is unused. This could be
automatized, and radio-based packets could seek
free frequency slices, and interleave with or hop
tu uther [requencies where there is less demand.
This approach would considerably increase the
efficiency of spectrum usage; but it would not
solve the allocation problem, only alleviate it. If
usage is free — and since different frequencies
have different properties that make some less
desirable for different purposes -— congestion
will eventually occur, which leads to an alloca-
tion mechanism.

To allocate access one need not grant perma-
nent allocation rights, but rather charge an
access fee that is set dynamically at a level where
the availabie c.ap.:cuv is fuIIy utilized. The access
fee would be an “edge price,” and give any users
of the spectrum the right to enter information
into a specirum band “cloud.” Because demand
for transmission capacity varies, the access fee
would also vary — a high fee where demand is
high, and zero when there is excess capacity.

The question is how to implement such a sys-
tem. Governmenl is one way, but it would be

undesirable to involve jt beyond the initial spec-. -

trum endowment. The best way would be to let
the users of the spectrum control the resource
by wav of a clearinghouse that functions like an
exchange. Multiple clearinghouses, one for each
specirum band, are also possible and would pro-
vide competition.

In practical terms, it would be a computer
thal scis access prices based on demand, one
operated by a private agent with a stake in the
cfficiency of the system. A rudimentary example
for the clearinghouse concept and its financing is
the designated coordinator for the U-PCS band,
UTAM, Inc., owned and financed by the equip-
ment industry, under “spectrum etiquette” rules
agreed upon by the industry, adopted by the
FCC, and embedded in the equipment.

The resource a clearmghouse distributes is the

spectrum endowment it controls. Access could
be acquired in real time. 1t would also be available
in advance, to those that require certainty of
price, from capacity brokers. These would issue
futures contracts, and would have to deliver on
them at the time the contract is due by bidding
in the spot market. Other contracts could ensure
a certain lesser probability of access.

Prices might be initially announced by a sig-
nal of spectrum price being sent out by the clear-
inghouse, based on supply and demand
conditions. Those who transmit accept the price.
When capacity is underutilized at that price, the
price drops shortly thereafter, and an updated
price signal is sent out. The reverse holds true if
there is excess demand. The adjustment of
demand is facilitated by some packets that are
coded with a reservation price. Usage that does
not require real time is thus likely to make room

when demand spikes occur. There could also be
different prices for different frequency bands,
because their different propagation characteris-
tics differentiate their attractiveness. Because of
the multidimensionality of spectrum usage; the
clearinghouse will probably have to define a set
of standard contracts.

Wholesale users would signal their usage to
the clearinghouse, which would keep tabs on
usage and bill users. They could apply their own
standards and protocols of frequency use, within
general technical parameters of signal strength
and so [orth. They could either pass the fluctuat-
ing prices to their customers, including the price
signal, or charge an average price. Most direct
spectrum users would be wholesale operations,
and a general part of the trade. Their compli-
ance would be watched by their competitors.

Spectrum-agility would not dispossess existing
frequency licensees.” They would still have the
assured right to their spectrum, at no charge (if
such is the term of their license). It might be
possible, however, for others to use the frequen-
cies, on a compensated access fee basis, at those
times when they are not actually being used, or
when such usage would not interfere {e.g., due
to their low-power nature). Such reselling possi-
bility also establishes a way to in effect buy out
existing licenced users.

In some cases, a frequency would be entirely
dedicated to a user or usage, based on special
circumstances, for example, to protect non-prof-
it, educational, or governmental usage. Alterna-
tively, such users could receive a credit against
which they could obtain access in the open-
access system, and which they could resell. Addi-
tionally, in situations of natural or man-made
catastrophes, spectrum blocks would be set aside
for emergency communications

Because of the dynamic nature of the access
price, an open access system creates a continu-
ous bidding. This permits continuous challenge
by entrants, in contrast to the ownership model
with its potential for oligopoly. Infrastructure
entry and investment would also be eased for
small companies because there would be no up-
front cost for spectrum by allocating the oppor-
tunity cost of spectrum use to marginal rather
than fixed costs. And it would be less susceptible
to political handicapping by domesnc and for-
eign governments.

Who gets the proceeds? That isa polmcal
decision of allocation. It could be the U.S. Trea-
sury {as in the auctions, and with a similar negative
potential of use current consumption), or some
earmarked functions. The revenue flow to govern-
ment is smoothed, away from the one-shot deals.
The system converts fixed costs of entry into
marginal costs of usage. It therefore has a stabi-
lizing function, because marginal costs are other-
wise potentially so low as to fail to cover total
costs, and hence encourage collusive pricing.8

Objections to Open Spectrum
Access

The concept of buying spectrum access as an
input rather than owning a spectrum license
is unfamiliar and disturbing to users and policy-
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makers alike, and a scatter of objections are
made, mostly on the grounds of practicality,
uncertainty and property. None of these are
strong endugh to deny the open-access system
the opportunity 10 be tested. Skeptics may want
to learn how Ronald Coase came to embrace the
concept of spectrum auctions; When the FCC's
chief economist and distinguished communica-
tions scholar, Dallas Smythe, published a refuta-
tion to Leo Herzels auction proposal, Coase was
left so unpersuaded by the best arguments mar-
shalled against auctions that he became a con-
vert [1). Smythe rejected the auction as being “of
the realm in which it is merely the fashion of the
economists to amuse themselves™ and argued
against auctions in terms of technical impracti-
cality, citing “intolerable interference on other
channels unless the whole is carefully engi-
neered...” [5, p. 100] Today. when it comes to
open spectrum access, similar objections are
being raised. '

Does Open Spectrum Access Mean
More or Less Government Intrusion
than an Auction?

An auction is only the beginning of ongoing

headaches because the market structure in a ser-
vice will tend to become oligopolistic if potential
oligopolists can bid higher. Therefore, an auc-
tion-based allocation system will require contin-
ued government intcrvention. The better
alternative is to establish open entry at any time,
because high prices will not be sustainable under
such contestability. In such a system, the govern-
‘ment’s role is that of providing an initial endow-
ment {the same function as in an auction), and
assuring the right and need of each user to clear
access through a clearinghouse. It is true that
government could interfere in the clearinghous-
es, but selling full property rights in spectrum
does not eliminate opportunilics for interference
cither, just as land use may be heavily regulated
even if fuily owned. Establishing multiple clear-
inghouses, each for a different spectrum band,
avoids the need for supervision. The only way to
argue that government's making businesses pay
it billions of dollars by auction constitutes “less
government” is ta hope for full economic free-

dom based on full ownership; but this would be o

based on optimism, not on history or law. "~

{s Ownership l.'.mportant? .

True, without secure long-term tenure, there
may be less investment, On the other hand,
greater competition can spur investment. One
needs to balance certainty with contestability.
Uncertainty exists in every business, and no firm
can control every input. Spectrum is no different
in that respect from a gas station which cannot
be certain of the price of its vital input, whole-
sale gasoline, or of a bakery that needs to buy
flour at varying prices. Emplovers do not “own”
their employees and are not “disposessed” by

" their departure-due to salaries that are below

market price. Even in real property, investors
build immense immobile structures without own-
ing the land.? However, when it comes to spec-
trum, much of private industry is so used to the
concept of control (whether by ownership or
license) that it finds it hard to conceive of buying

spectrum access like another input, Of course,
certainty may be considered necessary, and for
that purpose, future markets for capacity will
evolve,

What about Property Rights?

Couching the discussion in the terms of prop-
erty rights is analytically not helpful, because just
about anything transferrable and excluding can
be described as a property right. Even the old
license system was one of property rights. As
Richard Posner observes:

“In economic, though not in formal legal
terms, then, there are property rights in
broadcast frequencies... Once obtained the
right is transferabie... And it is for all practi-
cal purposes perpetual. The right-holder is
subject to various regulatory constraints, but
less so than a public utility, the principal
assets of which are private property in the
formal legal sense.” [6. p. 33]

Property, in law. is 2 bundle of rights rather
than a single right. Many people, when they
advocate property rights, are really talking about

"what the law calls “fee simple absolute,” but

there are many more limited property rights
such as future rights, contingent rights, life
estates, mineral rights, rights-of-way and so on.
Thus, a transferrable frequency access is just as
much a property right as a fec simple is, only of
a shorter duration,

Could an Auction Winner Administer
an Open System itself by Becoming a
Reseller?

If it had market power in spectrum, it would
charge spectrum users monopsony prices, price-
discriminate, and appropriate the efficiencies of
rivals. It would be like having the old AT&T
auction off the right to compete against it. Under
such a system, would MCI have emerged? Where
N0 market power exists, a spectrum owner could
not charge a monopoly price. In a world with a
hundred wholesale spectrum band managers.
each of whom control substantial spectrum and
transact with retailers of spectrum, aSubstantial
openness would indeed be achieved. Such a
world is unlikely, however, given the smali num-
ber of spectrum licenses issued, and the history

of concentration of an oligopoly in this industry. -

And where spectrum slices are narrow, the bene-
fits of spectrum agility would be limited. There
was never any meaningful resale of spectrum
access by broadcasters (or by cable companies
for their bandwidth). In New Zealand, where
“spectrum management rights can be acquired
since 1990, they have not been resold to others”
[7]. In telecommunications, resale exists primari-
ly due to legal common carriage obligations, and
i1s application to grant access to competitors has
been strenuously resisted. The basic problem is
the resistance to providing a competitor with a
vital input at a price that permits entry [8, 9].
Competition is better ensured by leiting the
retailers have direct and continuous access to
the spectrum resource.

This Leaves a Final Question: Is the
Concept Practical?

Technologically, the proposed system is not

Couching the
discussion in
the terms of
property
1ghts Is
analytically
not helpful,
because just
abouit
anything
transferrable
and exclud-
ing can be
described as
a property
right.

9 Rackefeller Center
stands on land that used
1o be separately owned by
Columbia University and
leased to the Rockefeller
Center Company for 99
years. The Center's finan-
cial health was stronger
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Technologi-

cally, the
proposed
system is
not presently
available,
though its
component
parts are

within reach.

19 For example, antenna
efficiencies may impede
wide frequency variations.
Wide spread-spectrum
band requires stringent
synchronization. Close
signals may drown out
distant ones’ {14, 15]. On
the nontechnical side,
some players may ry to
find new ways to game the
spectrum systemt by
manipulating prices.

presently available, though its component parts
are within reach. It is not my aim to try to work
out the details here, They will evolve with time,
discussion and technology. The important thing
is the concept. Herzel and Coase did not design
a multiround simultaneous Vickrey auction,
either. It is important to recognize that, general-
ly speaking, radio applications are not as stand-
alone and separate from wireline networks as in
the past. They can be controlled as part of more
general network management functions. Access
to a frequency would require a signaling mecha-
nism that would also help to compute and trans-
miit an access price and frequency, and keep a
tab on charges incurred. A packet- or cell-based
technology is not essential to open access but is
helpful. Packet radio exists, as does frequency-
changing spread spectrum technology that per-
mits multiple users to share a frequency band.
Spread spectrum cordiess phones exist. There
has been much progress in broadband digital
radio and signal processing [10], suggesting a
future in which radios become portable digital
computers [3]. There has also been much
progress in the development of dynamic channel
assignment and distributed control processes for
wircless LANs and wireless PBXs [9].

The challenge to technologists is to put the
various elements together. Of course there are
technical problems, but there is no reason to
believe that they cannot be overcome. The main
obstacle is mindset.

Some steps in that direction were sanctioned
in 1983 by the FCC in its Part 15 rules, which
increased the unlicensed use of spectrum bands
used by industrial, scientific, and medical (ISM)
low-power applications (such as garage openers)
to 1 W, provided that spread spectrum technolo-
gv was used. This led 1o a very successful expan-
sion of usage. Examples are wireless LANs and
bar-code readers.

The concept was expanded in 1994 to unli-
censed personal communications {U-PCS), open
to all wsers of asynchronous data and
isochronous time-division duplex voice. The
dynamic real-time coordination of use is accom-
plished by users following a “spectrum etiquette”
in real time, based on rules agreed upon by the

~industry and approved by the FCC. They are,
basically, ¢listen-before-transmit” on a channel, =

and limitations on transmission power and dura-
tion. A potential user seeking transmission,
when encountering a “busy” channel, either
switches to another or awaits his turn, This eti-
quette is embedded in the device itself. The eti-
quette does not require interoperability between
the various devices or exchange of information
among them [9].

Coordination, including the telocation of
existing users and definition of channels and
geographical regions, is administered by a pri-
vate non-profit company, UTAM, Inc., owned by
equipment manufactureres and supported by
them in proportion to their U-PCS equipment
sales [10].

The next step in this evolution was two peti-
tions to the FCC in 1995. The first, by WIN
Forum, was for a short- to medium-range high-
speed Shared Unlicensed Personal Radio Net-
work (SUPERNet). The second petition, by

Apple Computer, was for 2 National Informa-
tion Infrastructure (NI1I) Band, with a range of
up to 10 miles [10]. Both systems proposec a
built-in spectrum etiquette.

The main weakness of the unlicensed access
approach in its present stage is that it deals with
scarcity and congestion by a technological “cti-
quette,” which cannot ensure real-time access if
demand is high. The best-working etiquette for
the allocation of a scarce resource in our socicty
is a market-clearing price.

Conclusion

As Paul Baran, a pioneer of packet switching.

writes:
“Governmental agencies tend to be staffed by
lawyers who view a frequency as a unique
property right. If [ owned a frequency, then
you can’t use my frequency. 1t's mine, exclu-
sively mine. Yel, communications engineers
know that statistical averaging of large blocks
of frequencies can allow for better usage.”™ [4,
p- 8]

Baran goes on to advocale a laisscz-faire
approach to spectrum:

“Anyone and everyone would be allowed to
use the spectrum. without the barriers to
entry that keep out the true innovators. Of
course, there will be some minimal rules nec-
essary, such as maximum allowable power
and power densities. The micro-managed reg-
ulatory approach of today. such as who can
use any single frequency is neither necessary
nor desirable.”

George Gilder argues similarly that:

“You can no more lease electromagnetic
waves than you can lease ocean waves... You
can use the spectrum as much as vou want as
long as you don’t collide with anvone else or
pollute it with high-powered noisc or other
nuisances.” [3] _

Both Gilder and Baran, in effect, aim 10 solve
scarcity by technology. and are thus spared the
need to deal with allocation questions. This is
not my position. Within open access, scarcity
inevitably emerges, the resource needs to be allo-
cated, and a price mechanism can do it. It should
be noted that a reservation price (Vickrey) auc-
tion (in which the highest bidders pay the mar-
ket clearing price) has also been proposed for
the presently “free” Intermet system because it is
experiencing congestion problems [13]. '

The open entry spectrum exchange will not
solve every problem of today’s auctions. New
ones will emerge.!® Many of these problems may
be resolvable once the technologists focus on
them, but to do so requires first that policy-mak-
ers get out of the box of traditional thinking
about spectrum.

Why not expand the unlicensed spectrum
concept and dedicate a few bands to the open-
access, access-price model? Its practicality is a
matter of technical evolution and market reali-
ties. Eventually, it may reach TV broadcasting.
Better to approach spectrum use in a pragmatic
and searching fashion than with an ideological
mindset that equates the free market with one
and only one particular technique. Auctions are
fine for todav, but we should be ready to take
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the next step.

It took Leo Herzel [16] and Ronald Coase
[17] almost 50 years to see their concept imple-
mented. Similarly, the proposed open spectrum
access system will not be adopted anviime soon.
But its time will come, and fully bring the invisi-
ble hand to the invisibie resource.
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