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Reallocation of Radiowave Spectrum with a Price M echanism:
Proposal of a System of I nsurance and Compensation®

Hajime ONIKI
Abstract

The use of radiowave spectrum is managed in two steps: alocation and assignment.
Allocation specifies for what purposes a band of spectrum is used, and assignment specifieswho is
entitled to use each block of a spectrum band. For efficient use of spectrum, it is necessary to
adjust allocation and assignment fromtimetotime. Yet, because of vested interests of incumbent
users, it isdifficult to do this under command and control by a national government or through
negotiationsin ITU.

The objective of this paper isto propose a mechanism for adjusting alocation, as distinct from
assignment, by means of insurance, compensation, and supply-price revelation; in short, itisaprice
mechanism for spectrum reallocation.  The mechanism can reallocate spectrum in such away that
the band currently used with the lowest efficiency will be released for a new use with higher
efficiency; the users of the reallocated band will be compensated properly.

The proposed mechanism can work with various assignment systems, including
market-oriented systems, command-and-control assignment, and systemsin commons mode. The
paper proposes away in which end users (consumers) are compensated when spectrum-dependent
services (such as mobile telephony) are terminated because of reallocation.  Further, the paper
considers away to extend the proposed mechanism to international spectrum allocation.
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l. I ntroduction

The use of radiowave spectrum is managed in two steps: alocation and assignment (licensing).
Allocation specifies for what purposes a band of spectrum is used, and assignment specifieswho is
entitled to use each block of a spectrum band.  For efficient use of spectrum, it is necessary to
adjust allocation and assignment from time to time, since new technology emerges one after another
and the demand for spectrum changes continuously.  Yet, because of vested interests of incumbent
users, it isdifficult to do this under command and control by a national government or through
negotiations at international bodies such asITU.
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The objective of this paper isto propose a new mechanism for adjusting allocation, as distinct
from assignment, of spectrum by means of insurance, compensation, and supply-price revelation; in
short, it is a price mechanism for spectrum reallocation.  If implemented successfully, the
mechanism can reallocate spectrum in such away that the spectrum band currently used with the
lowest efficiency isreleased for anew use with higher efficiency; the users of the reallocated band
are compensated properly so that their economic stateis at least as good as the one before the
reallocation. The mechanism can work with various systems for spectrum assignment including
command and control, property rights, competitive lease, and commons. It can be used for
international reallocation of spectrum aswell asfor domestic one.

The following summarizes the way in which the proposed mechanism works domestically.
(1) Each spectrum user (including government users) is asked to declare an amount of compensation
to be paid to the user at the event of reallocation.  (2) Each spectrum user pays, say, annually a
compensation premium to the government which is equal to the declared amount of compensation
multiplied by the premium rate to be set by the government.  (3) The government determines the
size of spectrum bandsto bereallocated. (4) The actual spectrum bands to be reallocated are
chosen so as to minimize the total amount of compensation.  (5) The government sets the premium
rate for compensation so as to balance the total amount of premiums collected from all spectrum
users and the total amount of compensations paid to the users of the reallocated spectrum bands.
Thus, the mechanismis afair insurance on spectrum reall ocation except at one point: in ordinary
casualty insurance (for example, fire insurance), casuaty event (fire) for which the insuranceis
prescribed takes place randomly, while, in this mechanism, “casualty” to a spectrum user is an event
of reallocation, an action by the government minimizing the expenditures for compensation.

It is noted, that, in this mechanism, each spectrum user has an incentive to reveal the cost of
reallocation as an amount of compensation truthfully, since if the user lied to declareiit at alevel
higher than the true cost, the user would have to pay a higher amount of premium on the one hand
and the probability of reallocation and compensation would be lower on the other.  Thus, the
mechanism can prevent “ spectrum hold-up.”  The declared amount of compensation isin fact the
price for auser to yield the right of using the band, the supply price of a band with regard to
realocation. It is noted further that the balanced-revenue-expenditure requirement implies that the
cost of reallocation is borne by, and distributed among, all spectrum users; such is adesirable
arrangement, since spectrum reallocation forces a few usersto exit in order to solve the shortage of
spectrum for which all users, not those forced to exit, are responsible.

The paper describes the operations of this mechanism in detail including the following points:
(@) It can work with various assignment systems.  With market-oriented systems such as private
property and competitive lease, the proposed mechanism will work nicely, since the government and
the spectrum users know the value of a band, or of a block, of spectrum better than in other
assignment systems.  (b) When the proposed mechanism is implemented with command and
control assignment, thereis possibility that the user of areallocated band is assigned with ablock in
another band as replacement; thisis a case of compensationin kind.  Such a case can till be
managed with the proposed mechanism by introducing contingent compensation; the amount of
compensation depends on the size and the location of “replacement block.”  (c) When a spectrum
band is used under commons mode, each user can till declare an amount of compensation; the
government can calculate the total amount of compensation for reallocating the band by simply
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summing up al the declared amounts.

In the final section of the paper is considered away to extend the proposed mechanism to
international spectrum alocation conducted by ITU.  Roughly speaking, when, on the one hand, a
member country allocates spectrum domestically according to the proposed mechanism, it is
straightforward to put the preference of the domestic spectrum users through to ITU; the role of the
government of the country will be transparent. When, on the other hand, a member country
allocates spectrum domestically according to command and control, the government will have to act
as an agent representing to ITU the preference of its spectrum users.  The paper further discusses a
possibility in which member countries with the proposed mechanism implemented domestically
forma*“club” to express their joint preference on reall ocation of spectrum bandsin ITU.

The objective of this paper isto propose a new mechanism for adjusting allocation, as distinct
from assignment, of spectrum by means of insurance, compensation, and supply-price revelation; in
short, it is a price mechanism for spectrum reallocation.  If implemented successfully, the
mechanism can reall ocate spectrum in such away that the spectrum band currently used with the
lowest efficiency will be released for a new use with higher efficiency; the users of the reallocated
band will be compensated properly so that their economic state is at |east as good as the one before
thereallocation. The mechanism can work with various systems for spectrum assignment including
command and control, property rights, competitive lease, and commons. It can be used for
international reallocation of spectrum as well as for domestic one.

1. Reallocation of Spectrum with Insurance and Compensation (RIC)
A. Outline

This section gives an outline of the system for reallocating spectrum bands with insurance and
compensation, which will be written as RIC in thispaper.  In short, it is a system by means of
which the supply price of spectrum bands is revealed for reallocation by incumbent users through a
mechanism of insurance and compensation.”  Figures 1(a) and (b) illustrate the activitiesin RIC.

First of al, to incumbent spectrum users, the system RIC is a mandatory insurance with
compensation.  Thus, each spectrum user (including government and other public users) declares a
monetary amount of compensation to be paid to the user by the government in the event that the
spectrum block being used by the user is reclaimed and becomes unusable.  Each spectrum user
pays an insurance premium (compensation premium) to the government annually, which is equal to
the amount of compensation multiplied by the rate of compensation premium to be determined by
the government. Thus,

(compensation premium)

= (compensation premium rate) * (compensation amount declared).

2 |keda and Ye[2003] proposed a system of “reverse auction” for spectrum reallocation, in which the supply price of spectrumis
revealed by incumbent users who attempt to “sell” the right to use spectrum to the government at a price as high as possible.
Their system, however, does not have a provision of insurance and compensation.
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To spectrum users, the system is nothing but a casualty insurance plan, where a casudty hereisthe
event that the spectrum block becomes unusable.

In this system, the government plays the role of an insurance company. First, the government
determines the rate of compensation premium.  The principle that the government follows in doing
thisisthe long-run balance of the RIC budget; the rate of compensation premium is chosen so asto
bal ance the income from premiums paid by the spectrum users and the outlays paid by the
government for compensating those users with spectrum blocks reclaimed.’

Each year, the government selects spectrum bands to be reallocated; we will discussin the
following and later subsections on what criteria the government should do this.  The government
pays compensations to users whose blocks are reclaimed.

B. Selection of spectrum bandsto bereallocated

In RIC, selection of spectrum bands to be reallocated is done by the government in two steps
as described below. Thefirst isto identify anew objective of using spectrum bands.  This
decision depends on the speed of technologica development and other factors such as the demand
for spectrum with a new objective and the state of standard formation. After anew objectiveis
established, the government determines the size of spectrum bands to be allocated for the new use.
This decision may be done with governmental discretionsif the assignment is under command and
control, or by using price data expressing the value of spectrum bandsif the assignment is made with
market mechanism.

The second step of reallocation isto designate spectrum bands to be reclaimed from current
use and to bereallocated for the new use.  If reallocation is conducted under command and control,
as stated previoudly, thisis an extremely difficult decision to the government. Under RIC, however,
this decision would be easier.  The government should choose spectrum bands to be reclaimed so as
to minimize the total amount of compensations to be paid for the reallocation.  In doing this,
however, the government needs to take into account the presence of positive externalities.

Typically, it is desirable to reclaim spectrum bands which are contiguous, or at least located nearby,
frequency-wise. Thus the selection of spectrum bands to be reclaimed may not be as simple as
minimization of the compensation outlays. It isclear, however, that selection of spectrum bandsto
be reclaimed with RIC isfar easier and less disputable than that under command and control.  We
will discuss these points more in detail in Section IV.

C. Determination of therate of compensation premiums

The rate of compensation premiums is to be determined by the government. It is best for the
government to adjust the rate in such away that the long-run balance between the premium income
to the government and the compensation outlays paid to users whose spectrum isreclaimed. In
other words, the RIC budget should be run by the government so as not to produce any surplus or
lossinthelong run. A reason such long-run balance is desirableis that it keeps the activities
related to spectrum reallocation neutral to the activitiesin other sectors of the society.  Another
reason is discussed in the following subsection.

3 Seell.C below for details.
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It is noted that, when RIC is actually implemented, the total amount of money paid by the
government for compensation will change from year to year.  In some year, there may be a mgjor
reallocation of spectrum bands; the compensation outlays will be high in that year. It ispossible
that, for some years following the year of a major reallocation, there islittle or no reallocation. In
such acasg, if the annual premium rate is determined so as to balance the annual income and outlays
of the RIC budget, the rate will fluctuate sharply over years. It isdesirableto let users avoid from
facing such fluctuating rates. Onereason is to decrease uncertainty to spectrum users.  Another
reason is not to give users an incentive to speculate on an amount of compensation declared.

Thus, the objective for the government to set a premium rate should be the long-run balance of
the RIC budget, as distinct from its short-run balance. A way to do thisis to adjust the premium
rate with lags toward balancing the RIC budget, avoiding drastic changes, even after amajor
realocation. The RIC budget in such a case may exhibit deficits for some years, which may be
financed commercially. Such a gradual adjustment of the premium rate may be done with
governmental discretions, or by following a pre-determined algorithm (adjustment rules); designing
such an agorithm isleft for future research.

D. Implicationsof RIC asan insurance

The long-run balance of the RIC budget implies that, under certain conditions, RIC
becomes what is called fair insurance in economic theory. We consider the following situation.
Suppose that the probability in which spectrum is reallocated is considered to be equal over all
spectrum users and over all spectrum bands.  Then, we can state that the probability of spectrum
reallocation to usersis equal to the average premium rate in the long run.

It isknown that, in such acase, arationa spectrum user maximizing the expected utility will
choose what is called a complete insurance plan, in which the level of utility in the case of spectrum
reallocation is equal to the level of utility in the case of no reallocation.*  In other words, with a
complete insurance plan, there is no room for users to improve the level of utility regardless whether
or not a casualty occurs.

Of course, in reality, the assumptions stated above will not be satisfied.  After all, a casualty
in RIC is not an event such asfire or flood, which is not controllable, but a consequence of a
government decision to reall ocate spectrum bands.  The discussion in this subsection is for merely
indicating that the system RIC has the property of fair insurance under ideal conditions.

E. Theamount of compensation declared and the supply price of spectrum

As stated previoudly, RIC is an insurance system to spectrum users; it covers the risk of
reallocation. RIC, however, is more than an insurance system, since the event of spectrum
reallocation is not an unpredictable random event such asfire or earthquakes, but an outcome of the
government decision of reallocating spectrum so as to minimize, aside from consideration of
externalities, the total amount of compensations payment, i.e., to select those users declaring
relatively low amount of compensations.

With proper incentives, of which details are discussed in Section IV, spectrum usersin general

4 See, eg., Mas-Colell et al. [1995], pp.187-188.
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tend to declare, and risk-averse users will always declare, an amount of compensation so that it is
equal to the least amount of money they can accept as compensation in the event of reallocation.
This means that, in effect, the amount of compensation declared by a spectrum user per unit of
spectrum can be interpreted as the supply price of spectrum with regard to reallocation. Thisisthe
reason that we call RIC a price mechanism as well as an insurance program. Thus, RIC works as a
mechanism to have the value of spectrum resources reveaed in the same way as an ordinary market
mechanism works as a means to have the value of goodsrevealed. In short, RIC is useful to the
sog:i ety for the same reason that the price mechanism for goods and servicesin general is useful to
it.

Figures 2(a) and (b) illustrate RIC viewed as a system of supply-price revelation. Inthe
figures, the horizontal axis measures the size of spectrum blocks, and the vertical axis the supply
price of spectrum with regard to reallocation, which is equal to the amount of compensation divided
by the size of ablock. In Figure 2(a), we express each spectrum block by arectangle in the
following way. First, the width of arectangleis equal to the size of the block, and the area to the
amount of compensation declared with that block. The height of the rectangle then expresses the
supply price of the block with regard to reallocation. The rectangles are arranged from left to right
in the increasing order of the supply prices.

By combining the top of the rectangles, we obtain the supply curve of spectrum blocks with
regard to reallocation, as shown in Figure 2(b).  If the government decides to reclaim those blocks
located between points O and A, then the total compensations to be paid are equal to the area OACB.

F. Implicationsof RIC toincome distribution

In this subsection, we discuss economic implications of RIC with regard to income
distribution.  Since RIC is an insurance program, those users whose spectrum is reallocated receive
alarge amount of money as compensations, whereas the remaining users pay spectrum premiums
and receive nothing. Thisis the consequence of RIC viewed from the standpoint of income
distribution. In effect, this means that the cost of spectrum reallocation, which is expressed as an
amount of compensation, is spread over, and borne by, all spectrum users.

We say that this is a desirable outcome with regard to income distribution for the following
reason. First of all, the need for spectrum reallocation arises from spectrum shortage, a
consequence of using the whole spectrum resources by all users.  In other words, each user is
responsible for the shortage by a small fraction of it. It isnot economical, however, to overcome
the spectrum shortage by trimming off a small fraction of spectrum from each user for reallocation;
if we did this, spectrum fragmentation would come out or the cost of readjusting spectrum
assignment among users would be extremely high. Therefore, to fix the spectrum shortage, we

® For the convenience of readers, we write here the definition of the supply price and that of the demand price.  The demand price
of agood is the maximum amount of money that a buyer iswilling to pay for obtaining the good. The supply priceisthe minimum
amount of money that a seller iswilling to accept in exchange for giving up the good.  In ordinary market transactions, we observe
only the price actually paid. Although this price is expected to be located near to the equilibrium price, which is determined by the
demand and the supply prices (or, for this matter, the demand and the supply curves), we do not observe the demand prices of
buyers or the supply prices of sdllers, since buyers or sellers need not express them to conduct transactions.  In RIC, however, the
supply prices are expressed by all users since RIC works also as an insurance system and the users need to pay insurance premiums
(compensation premiums).
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cannot avoid designating the spectrum to be reclaimed within asmall range of frequencies; that isto
say, we cannot avoid selecting some spectrum bands as the target for reallocation.  Thus, the user of
the reallocated bandsisin a sense a sacrifice for all spectrum users.  Compensating this user with
the income collected from all users may be justified on this ground®.

G. Onimplementing RIC

RIC is a system to reallocate spectrum bands from a use of low efficiency to a use of high
efficiency. The benefits of RIC, if implemented successfully, will be very large in the long run,
since, at the present time, the efficiency of spectrum utilization differs massively between users.
Such benefits are to be enjoyed not only by direct users of spectrum but also by their end users, i.e.,
by consumers.

Although RIC is a price mechanism, itsimplementation requires the power of the government;
in short, RIC isamandatory insurance to be imposed on dl users.  RIC resembles the socia
insurance program in this regard; it can be implemented only by a collective decision of the society.
Itislikely that most of the incumbent users of spectrum oppose to introducing RIC, since the
compensation premium is a new burden to be imposed on them.

From the political standpoint, therefore, an implementation of RIC requires that the political
power representing the benefits of RIC to the consumers be greater than that representing the
opposition by incumbent spectrum users.  The better the consumers understand the implications of
introducing RIC, the greater the chance of a successful implementation of RIC.

The government, once RIC isimplemented, performs two functions. The oneisthat of an
insurance company: determining premium rates so as to maintain the long-run balance of the RIC
budget. The other isto make decisions for reallocating spectrum bands as will be explained in
subsections IV.B-D below. This may be done with governmental discretions or with some
prescribed rules.  Thus, the time-path of RIC after implementation, i.e., how fast spectrum bands
will be reallocated, therefore, depends in part on government decisions.

It is noted that RIC is a system which can be designed so that the speed of implementation
may be controlled by the government. It is desirable for the government to implement RIC slowly
and gradually in the beginning to avoid giving excessive economic shocks to incumbents. The
following is away to do this.

In the beginning, RIC may be introduced with an extremely low level of reallocation, perhaps
azerolevel. Spectrum users declare an amount of compensation, but pay aimost nil.  During this
period, a database may be constructed to store and publish information about the compensations
declared together with their statistics”.  In this way, spectrum users can learn about the level of
supply prices of spectrum, if distorted because of avery low rate of premium. Oppositions by
incumbent users will be minimized since there islittle payment.

After afew years, say three years, the government may start executing reallocation of

® Imagine acity bus running with all of its passenger seats occupied. At astop, an old lady looking very weak got on the bus;

somebody must yield aseat tothelady. Thissituation issimilar to that of spectrum shortage.

" Note that such a database may be built on top of the database used for storing information of individual licenses currently.
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spectrum.  Theinitia level of execution should be low so that the premium rate stays near zero.
Spectrum users will then start feeling the burden of paying insurance premiums, and will adjust their
compensations accordingly. It is expected that, as time goes on, spectrum users learn more each
other and adjust compensations toward the level of truthful supply prices (the level of compensations
declared honestly). After such an adjustment, the government can increase the level of executing
reallocation gradually toward an “optimal” level.

To get an idea about likely magnitude of the premium rate, suppose that we reallocate 30MHz
of spectrum annually out of the crowded below-3GHz bands. A simply calculated rate on an
unrealistic assumption that the supply prices are equal over al spectrum bands would be 1.0% =
30MHZz/3GHz per year. This sets an upper bound of premium rates.

In general, suppose that the below-K-GHz spectrum has alinear supply curve with the lowest
price (a) and the highest price (at+b). SeeFigure2(c). (Note that the blocks are rearranged on the
horizontal axisin the increasing order of supply prices.) If a100s % of the blocks of K-GHz is
reclaimed annually, then the total compensations declared (C), the annual compensations paid (M),
and the annual premium rate (r) will respectively be as follows:

e %) .
ves 3| 0

If b=0, then r=s, which is the case of equal supply prices as mentioned above. If K=3GHz,
s=0.01, a=1, and b=10, then sK=30MHz and r=0.00175. This meansthat, if the highest supply
price isten times greater than the lowest supply price and if the supply curveis linear, then annual
reallocation of 30MHz of spectrum out of the 3GHz (i.e., one per cent reallocation annually) implies
apremium rate as low as 0.175% per year.

We note, before closing this subsection, that RIC is a grandfathering system over spectrum
assignment; thus, it can be implemented regardless whether the assignment is under command and
control or market mechanism, and regardless whether the utilization mode is exclusive, club, or
commons. It can be implemented for a case in which any factors of the above are mixed, although
the performance of RIC depends on them, as explained in the following section.

1. RIC and Alternative Waysfor Spectrum Assignment
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A. Club or commons

In this section, we examine the functioning of RIC when it is associated with alternative
systems for spectrum assignment.  First, we consider how RIC works when a spectrum block is
used in club or commons mode.  In this case, a spectrum block is assigned to multiple users; it may
be offered freely to the public as commons, or the entry by new users may be restricted by means of,
say, licensing (as in amateur wireless) or by some other qualifications (as in a band used for the
safety of navigation or aviation). For all of these cases, we expect that RIC works quite well®.

When RIC isimplemented, club or commons users understand and accept that the spectrum
they are using may be reclaimed for reallocation. Each user can declare an amount of
compensation which will be paid in the event of reallocation. Compensation may be declared by
means of direct registration with the government, or, if so chosen, by means of a declaration with a
dlip to be obtained at the time a device is purchased for using a club or commons block.  For
example, users of an electro-magnetic heater may wish to pay in one installment the compensation
premiums for the period of expected duration of the equipment (e.g., for 10 years); the amount of
compensation may be set to reflect the purchase price of it, or, alternatively, the actual value of the
equipment at the time of spectrum reallocation (e.g., 30% of the purchase price if the device
becomes usel ess because of reallocation in the 7-th year of the 10-year duration period).

The total amount of compensations that the government needs to pay for reclaiming a club or
commons block is equal to the sum of the declared compensations by all users of the block.  Since
spectrum club is aclub good and spectrum commonsis a public good, thisis a case of the
Lindahl-Samuelson valuation of club or public goods.  In other words, the value of aclub or
commons block is expressed by the sum of the prices attached by all users of that block.

In conclusion, we can state that RIC is expected to work well with club or commons
assignment, of which reallocation is extremely difficult usually.

B. M arket mechanism

When spectrum is assigned under market mechanism, RIC is expected to work very well.
The government allocates a band for exclusive use with specific objectives.  Spectrum may be a
private property; in this case, the right to use a block can be traded or leased in the market.
Alternatively, spectrum may be retained as a government property; in this case, ablock isleased
competitively to users, and the lease right may be traded in secondary markets. In any case, the
value of a spectrum block is expressed by a property price or alease price.

Spectrum users and the government can take spectrum prices into account in making RIC
decisions.  Spectrum users can choose an amount of compensation in the event of reallocation by
considering market values of spectrum blocks. For example, the estimated cost of acquiring a
replacement spectrum in the event of reallocation is a useful datain calculating the amount of
compensation.

8 For the case of aclub or commons, the distinction between allocation and assignment becomes unimportant, since a band is often
composed of asingle block, to which multiple users are assigned.  We use, in such acase, the two terms of allocation and
assignment interchangeably.
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The government can use market values of spectrum bands in making decisions on reallocation.
For example, if the price of a spectrum band devoted to a particular objective is high relative to other
objectives, then the government should consider to reclaim spectrum bands with low prices so asto
increase the size of the band with a high price.

In short, RIC is a price mechanism for reallocating spectrum resources; hence, it is expected to
work well when spectrum assignment is under market mechanism, which can provide the value of
spectrum in the form of property or lease prices.

The usefulness of RIC with assignment under market mechanism, however, may appear not so
high as that under club, commons, or command and control, since market mechanism supposedly
accomplishes efficient use of spectrum within agiven allocation. What RIC is useful isfor the case
in which a change in spectrum allocation (i.e., realocation) isneeded. The function of RIC in this
regard may be compared to that of city planning (such as zoning) in using land resources. Observe
that, when assignment is under club, commons, or command and control, RIC often accomplishes
reassignment as well as reall ocation, whereas RIC with assignment under market mechanism can
correct spectrum inefficiency only through reallocation.

Further, it is possible that, in the future, market transactions of spectrum may replace some of
the functions of RIC, especialy when positive externalities in using spectrum are weakened as a
consequence of technologica progress and the government deregulates technological restrictions on
the use of spectrum in accordance with such technological progress.  If this becomes redlity, the
functions of RIC, as agovernment-run price mechanism, will be replaced gradually by the functions
of free markets, in which the right to use spectrum is traded without governmental controls.

C. Command and control

When spectrum assignment is made under command and control by a government, RIC till
works, but not so smoothly asin the case in which assignment is made under market mechanism.
Despite that, the usefulness of RIC may be greater than in the case of assignment under market
mechanism as stated in the preceding paragraph. In command and control, the government assigns
spectrum blocks to users on the first-come base, comparative hearings, or random selection.
Licenses are renewed automatically.  Spectrum usage fees may be charged by the government, but
the level of fees stays far less than the market value of spectrum. Hence, there is an excess demand
for spectrum resources, which the government resolves by means of command and control.

Spectrum users under command-and-control assignment with RIC declare compensations and
pay premiums, and receive compensation paymentsin the event of reallocation.  Spectrum users, in
this case, may need to calculate an amount of compensation with agreat deal of uncertainty; they
may need to guess the intention of the government. For example, if auser is given areplacement
block by the government after reallocation, then the amount of compensation will be the cost of
moving from the current block to the replacement block®.  If auser is not given such a replacement
block after reallocation but the activities of the user can continue with some other means (e.g. by
using optical fibersto replace wireless communication), the amount of compensation will depend on
the switching cost (from wirelessto fibers).  If the activities cannot be continued without using
spectrum, then the compensation should include the cost of terminating the activities.

® See subsection V.B for details.
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When spectrum reallocation is made under command and contral, i.e., without RIC, the
government hasin some way to collect data expressing the value of spectruminuse. In particular,
the government has to make a decision on both the size and the location of spectrum bandsto be
reallocated for new objectives, and this has to be done in the opposition by incumbent users.  In
contrast to this, RIC can help the government find spectrum bands to be reclaimed for reallocation.
Note, however, that RIC by itself does not provide the government with information where spectrum
bands should be reallocated to.

D. RIC and end usersof spectrum

In many cases, spectrum is used directly and indirectly. Mobile operators supply mobile
telephone services to subscribers by means of wireless technology; in this case, mobile operators are
direct users and subscribers are indirect users; we call the latter end users. Likewise, TV stations
use spectrum directly for broadcasting and consumers viewing TV are end users of spectrum. In
this subsection, we consider how RIC works with end users.  We call users of spectrum that are not
end users such as mobile operators and broadcast stations intermediate users.

First of al, we point out that intermediate users of spectrum provide their servicesto end
users usualy in club or commons mode. Mobile telephone operators form, in effect, a club of
mobile subscribers to have them share spectrum for mobile telephony.  Consumers watch TV
programs by using spectrum as commons which is provided by broadcast stations. Thus, itis
possible to use a RIC framework when intermediate spectrum users deal with end users with regard
to termination or modification of the service in the event of spectrum reallocation. This may be
explained by means of examples as follows.

Consider intermediate spectrum users such as awireless Internet access provider serving
Internet subscribers or a mobile operator serving mobile telephone subscribers.  Intermediate
spectrum users (operators) can offer a RIC-like arrangement (contract) to their customers (Internet or
mobile telephone subscribers).  Then, the total amount of compensations to be paid by an operator
to customersin the event of reallocation would be the sum of the compensations claimed by all
customers. Therefore, the amount of compensation that an operator should declare with the
government in the event that the block is reallocated is the sum of the compensations to be paid to all
customers for terminating the service plus the cost of reallocation incurred directly to the operator™.
Mobile or Internet subscribers may declare an amount of compensation and pay a premium at the
time they begin subscription or they purchase devices. Thisissimilar to paying for the seller’s
guaranteeing a device from breaking down.

For the case of free-to-air broadcasting, consumers use broadcast spectrum as commons;
hence, RIC with commons as explained in subsection 111.A applies.  For paid TV, consumers use
broadcast spectrumin the club mode. A RIC-like contract may be formed between a broadcast
station and end users of spectrum (consumers).

Thus, once RIC isintroduced, then it will induce RIC-like arrangements between
intermediate and end users of spectrum; we can expect that spectrum reallocation may be
accomplished without serious troubles with end as well as intermediate users.

10 Note that the consequence of reallocation need not be limited to atermination of the service; a RIC-like arrangement with
customers such as atransfer to another block isconcelvable.  See subsection V.B.
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IV.  Decisions by Government and the Behavior of Userswith RIC
A. Outline

In this section, we consider the decisions to be made by the government and the behavior of
usersin RIC. Since RIC isa price mechanism, it can provide with information about the value of
spectrum in use, which is useful for the government and users to make decisions.  The government
can select spectrum bands to be reallocated so as to minimize the amount of compensation
payments. The government, however, has to consider other factors such as positive externalities
between spectrum bands to make decisions at discretion.

RIC may induce speculation and manipulation because of this. Users may declare an amount
of compensation honestly so that it is equal to the minimum amount of money for yielding the right
to use spectrum (that is, the truthful supply price of spectrum with regard to reallocation), but, of
course, users can speculate by declaring an amount exceeding the truthful supply price in order to
harvest extrarevenues in the event of reallocation. Such a user, of course, loses if the user’s
spectrum isnot reclaimed. It is desirable to prevent such speculation so that the users reveal
truthful supply prices for the following reasons. (a) Speculation distorts supply prices and causes
inefficient reallocation of spectrum.  (b) Speculation produces uncertainties to the government and
users. (c) Speculation incurs additional transactions cost to the government and users.

The discussion in this section proceeds as follows.  First, we consider decisions by the
government for reallocation with the assumption that the users are honest and do not speculate on
compensations.  Second, we discuss factors which induce usersto speculate.  Third, we consider
policies useful for the government to prevent speculation.

B. Decisions by government on the size of spectrum bandsto be allocated for new
obj ectives

In this subsection, we deal with the question whether a particular spectrum band should or
should not be reallocated by government for a new objective of usein the case that spectrum users
reveal supply prices truthfully.

Roughly speaking, the government should attempt to reallocate a band from a low-efficiency
useto ahigh-efficiency use. To express this more precisaly, let us define the
efficiency-improvement index of reallocation for each spectrum band and for each new objectivein
the following way:

(the efficiency-improvement index) = (PVN —Comp) / PVC,  where
PV C = (the present value of a band with the current use),
PVN = (the present value of the band with a new use), and

Comp = (the compensations to be paid for reclaiming the band).
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A band should be reallocated only if the efficiency-improvement index is greater than 1.

In practice, the government can make reallocation decisionsin the following way.  First, the
government establishes a set of new objectives to which spectrum bands may be allocated
(redllocated). Second, the government lists the spectrum bands currently in use in the decreasing
order of the efficiency-improvement indices. Note that a band used currently may have more than
one efficiency-improvement indices if more than one new objectives are attached toit.  Third, for
each new objective, the government forms alist of spectrum bands currently in use with
efficiency-improvement indices greater than one.  That isto say, to each new objectiveis attached a
list of spectrum bands in use which are candidates for reallocation.  Forth, the government makes
decision, for each new objective, to what extent reallocation is to be made; i.e., the government
specifies the size of spectrum bands to be allocated to each new objective.  The process described
above should be applied to al spectrum bands currently in use regardless whether aband is assigned
under command and control or with market mechanism, or whether the mode of utilization is
exclusive, club, or commons.

Figure 3 is an example of the matrix of efficiency-improvement indices. Spectrum bands are
denoted by numbers, which appear on the top row of the matrix. Objectives for spectrum use are
named by alphabetical letters, of which A, B, C, ... arefor current objectivesand X,Y, Z,... arefor
new objectives. An entry @ in the matrix is the efficiency improvement index of band i with
objectivej. Inthe upper haf of Figure 3, acell with bold frames has an entry for the current use,
whichisequal to 1 by definition. Cellsin the lower half are efficiency-improvement indices with
new uses. For example, 8, istheindex when band 1, which is used for objective A currently, is
reallocated to the new objective X. A cell with bold frames in the lower half is a candidate for
reallocation. For example, theindex @, isgreater than 1 and also greater than other indices (such
asd,, ) incolumn 2 of the lower half; band 2 may be considered for reallocation from current
objective B to new objective X. Thus, for each new objective, the list of bands with bold-framed
cells givesits candidates for reallocation.

When, on the one hand, spectrum blocks are assigned with a market mechanism, the present
value of using a band for the current objective of use as well asfor a new objective can be calculated
by using market prices of spectrum, although the government still needs to estimate the expected rate
of return from using a band for the new objective. In doing such estimation, the government cannot
avoid making some discretionary decisions.  In spite of that, we can say that reallocation decision
by the government involves a minimum amount of discretions if spectrum assignment is conducted
with a market mechanism.

On the other hand, when spectrum blocks are assigned under command and control, the
present value of a spectrum has to be cal culated without using market prices; the amount of
governmental discretionsis far greater than in the case with market mechanism.  Further, for this
case, we expect that there will likely be disputes and delays in making decisions on reallocation; thus,
the organizational cost (transactions cost) of decision making for reallocating spectrum is greater in
the case of command and control than in the case of market mechanism.

C. Possibility of speculative behavior by users

One of the desirable properties of RIC isthat it can prevent spectrum hold-up. Asknown
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from our experiencesin reallocating land, it is possible for an owner of a space resource (such as
land or spectrum) to attach an extremely high amount of compensation for reallocation in an attempt
to acquire extrarevenues. Holding-up a piece of space-type resource is quite effectivewhen itis
located in the middle of alarge-sized space which is about to bereclaimed. Thisis an outcome of
positive externalitiesin using land or spectrum resources; the socia cost arising from holding-up
maybe very high.

RIC has the power to avoid such hold-up. The government will choose a band to be
reallocated so as to minimize the amount of compensation outlays. Hence, when a spectrum user
attaches a high compensation to ablock, it islikely that the band with this block will not be chosen
for reallocation. Then, the user attempting to hold-up a block will continue with paying alarge
amount of spectrum premiums for nothing.  In other words, in RIC, spectrum hold-up is not a
profit-making choice; it tends to be alosing choice.

This discussion may be over-simplified. Actua outcomes from a speculative and
manipulative behavior by spectrum usersin RIC may depend on other factors.  We will discuss
some of these in the following subsection.

D. Decisions by government on the selection of spectrum bandsto be reallocated

In general, selection of spectrum bands to be reclaimed for reallocation should be done by
government with a criterion of minimizing the amount of compensation outlays; that is to say,
spectrum bands to be reclaimed for reallocation should be chosen from those users declaring a
relatively low amount of compensations.  In practice, however, selection of spectrum bands to be
reclaimed cannot be done mechanically according to a simple formula because of the presence of
positive externalities. It is advantageous for the government to organize a set of spectrum bands to
be alocated for new use in such away that the bands are located contiguously or within arelatively
narrow range of frequencies. But this could invite speculation and manipulation by spectrum users
in declaring an amount of compensation.

A typical case for a spectrum user to declare an amount of compensation speculatively for
making extrarevenues may be like the following. Such auser would seek a spectrum block located
strategically with regard to the amount of compensations declared by other users.  When the
amount of compensations declared isrelatively low for blocks located near to a strategic one, then
because of positive externalities, the probability that the strategic block is reclaimed is high evenif it
carries arelatively high amount of compensation. A speculative user would seek such
profit-making opportunities, which will be a factor disturbing smooth functioning of RIC.

Figures 4(a)(b) illustrate such a speculation.  In the graph of Figure 4(a), the horizontal axis
measures the quantity of spectrum blocks, and the vertical axis the efficiency-improvement index.
In Figure 4(a), five blocks of different sizes are depicted, to each of which an
efficiency-improvement index is attached on an truthfully-declared compensation.  Suppose that
these blocks are in aband which is a candidate for reallocation.  Suppose that the third block is of
small size relative to the others; it can then be a strategic block. The user of this block may
speculatively declare alarge amount of compensation; then, itsindex will be low, as shown in Figure
4(b). If the government makes a decision solely on the total amount of compensations, the band of
these five blocks may still be chosen to be reclaimed, since the increase in the compensations due to
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the speculation may not be large; the speculation will succeed.

To avoid such speculations and accompanying disturbances, the government should follow the
following strategies.  First, the government should allow spectrum users to revise the amount of
compensation declared fromtimetotime. Further, the government should disclose all information
about the amount of compensations declared and give ample time for users to revise their
declarations before executing areallocation.  In this way, speculative declaration will be eliminated
gradually through competition among spectrum users.  For example, users of blocks near to the
block with a speculatively declared compensation will attempt to increase their compensationsin
order to get a share of extra revenues from a successful speculation.  This, however, will decrease
the chance that the blocks are reclaimed, and the users of these blocks will be “defeated” by other
users with less speculative declarations.  This suggests that the government should consider, in
deciding whether or not to reclaim a spectrum band, such indicators as the variance of declared
amounts over the blocks in the band and the variance of declared amounts of a block in the band
over time. Itisfor future research to devise an algorithm providing the government with decision
rules for actually reclaiming blocks.

E. Determination of the amount of compensation by users

In this subsection, we consider the behavior of a non-speculative profit-maximizing user of
spectrum in determining the amount of compensation.  We assume that specul ative declaration does
not arise because of government regulations and competition among users.  Then, the amount of
compensation declared will be the minimum amount of money for which auser iswilling to yield
the right of using a spectrum block. Roughly speaking, this amount will be determined according
to the following equation;

(the amount of compensation for reallocation)

= (the present value of future incomes with the current business without reallocation)

— (the present value of future incomes with a new business after reallocation) + Q, where
Q = (the once-and-for-all cost of changing business because of reallocation).

It is noted that the present value of future incomes with the current business without
reallocation is assumed to be known to the user. Regarding the present value of future incomes
with a business after reallocation, there will usually be multiple choices (even if we exclude
speculation). The once-and-for-all cost of changing business will vary depending on the choice of
anew business. One possibility isto terminate the current business without a new business after
reallocation; in this case, the second and the third terms of the right-hand side of the equation will
become zero. In general, the amount of compensation to be declared, then, depends on the choice
of anew business by the spectrum user. Thisdecision is to be made by the user in adomain which
includes factors not related to spectrum use.  In other words, the equation stated above presupposes
that this decision has already been made by the user.

V. Extensionsof RIC
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A. Introduction of multiple reallocation periods

This subsection is devoted to considering aform of RIC with multiple reallocation periods.
Reallocation period is the time period between the decision of reallocation and its execution (the
termination of spectrum utilization)**.  In general, the cost of reallocation, to be revealed in the
amount of compensation in RIC, may greatly depend on the choice of areallocation period. Itis
advantageous both for spectrum users and for the society as a whole to introduce multiple
reallocation periods so that the actual reallocation may be made with areallocation period of
minimum cost.  The system introduced in this subsection is a RIC in which spectrum users can
reveal their preferences over multiple reallocation periods.

Let us consider, as an example, a case with six different reallocation periods: 0-year period,
1-year period, ..., 5-year period; the 0-year period corresponds to the case of single-reallocation
period. Spectrum users are allowed to declare an amount of compensation for each of the six
reallocation periods. It is convenient to organize the declaration of compensationsin the following
way. Firgt, the user declares a compensation for reallocation with 5-year period. Next, the user
declares a compensation for decreasing the reallocation period by one year from5to 4 years. The
compensation for reallocation with 4-year period is the sum of the 5-year compensation and the
compensation for the one-year decrease. The compensation for each of 3, 2, 1, and O-year periods
aredeclared similarly. SeeFigure5. The compensation for reallocation with O-year period is, as
stated above, equal to the one for the single reallocation period.  Thus, this arrangement expands
the domain of events on each of which an amount of compensation is to be declared without
charging additional compensation premiumsto be paid by users; i.e., thisis a costless generalization
of the system to users and the government (aside from transactions cost).

Thus, spectrum users can exhibit their preferences over six different reallocation periods by
means of an amount of compensation attached to each reallocation period. If it is convenient for a
user to have, say, 3-year reallocation period (for the reason that, say, the average depreciation period
of the devicesin useis 3 years), the amount of compensation attached to the 3-year period will be far
less than the compensations attached to the 2, 1, and 0-year periods.

The principle according to which the government sets premium rates in this system is still the
long-run balance of the RIC budget. A single premium rate should be applied uniformly to the six
reallocation periods.

In this system, the decision by the government on the selection of the band to be reallocated
will be alittle more complicated than the system of single reallocation period. Roughly speaking, it
isafive-year plan for reallocation decisions (i.e., announcements) to berevised each year. That is
to say, in each year, the government selects spectrum bands to be reclaimed in each of the five years
to come and add them to the bands having been decided to be reclaimed in the five-year plan. The
principle of minimizing the total amount of payments for reallocation should be observed for each
year.

B. Introduction of compensation in kind

! The Japanese government, in reallocating a small number of spectrum bands under command and control (i.e., not under RIC)
during recent years, gave spectrum users an allowance of ten years or so in average as the reallocation period.
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In this subsection, we consider the possibility of introducing (partial) compensation in kind,
that isto say, acase in which users are assigned a block of spectrum as a replacement of the block
reclaimed for reallocation. In fact, thistype of compensation has been used in many countries for
reall ocating spectrum under command and control. It was useful during the period in which the
frontier of spectrum resources was expanding and new spectrum bands became available one after
another thanks to technological progress. In the time of spectrum shortage, however, it may not be
so easy for the government to find new spectrum bands for compensation in kind.  The system of
RIC to be presented below may be useful for the case in which spectrum assignment is still under
command and control and the government can find replacement spectrum blocks without much
difficulty (e.g., in high-frequency bands).  In the following, we introduce a system for
compensation in kind, which lets users reveal preferences over different degrees of replacement in a
way similar to the system of multiple reallocation periods, as explained in the preceding subsection.

In this system, the government first prepares spectrum blocks to be used for replacements.
Spectrum users are allowed to declare an amount of compensation with different degrees of
replacement expressed by the percentage of the size of areplacement block to the size of the block to
bereclaimed. For example, suppose that a user is given six such choices: replacement of 100%,
80%, 60%, 40%, 20% and 0% (no replacement). The user first declares a compensation with a
100 % replacement, and then declares a compensation for deceasing the percentage by 20% from
100% to 80%, and so on; the last is for the one deceasing from 20% to 0%. The sum of the six
figures of these declarationsis equal to the compensation for reallocation without a replacement.
See Figure 6. Observe that this system includes the system of no replacement as a special case; in
particular, the amount of compensation premiums paid in this system would be unchanged from the
system with no replacement.  Thus, this system gives to both the users and the government
additional possibilities of choicesin relation to spectrum reallocation.

The government, given the preferences of users with regard to replacement, makes a decision
as to the percentage of replacement to be granted to each user.  The sum of replacement blocksis
limited by the size of spectrum available for replacement; the criterion for deciding a degree of
replacement should be minimization of the sum of the amount of compensation paid to the user plus
the value of the replacement block awarded. Considering a decision rule for the government in
detail isleft for future research.

Users can exploit the benefit of this arrangement in the following way.  First, observe that
users may decide to introduce new spectrum devices by replacing old ones; the amount of money
received for compensation may be spent on new devices.  Second, newly introduced devices may
let users save the size of spectrum blocks necessary to maintain their activities at the same level as
before thereallocation. Observe further that this system will let users choose an optimal
combination of spending on new devices and saving spectrum resources, and that such an
arrangement will provide a strong incentive for inventing new devices for saving spectrum
resources.

Observe further that by combining this system with the system of multiple reallocation periods
(as explained in the preceding subsection), it becomes possible for the government to reallocate
spectrum with replacement efficiently.  In particular, the government can plan reallocation with
replacements a few years ahead of execution.  Such a plan would give ample flexibility to users so
as to make adjustments necessary to reallocation without incurring much cost, and let the
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government minimize the loss arising from the need to leave spectrum blocks vacant at the time of
switching users.

Figure 7 explainsthis. Suppose that, at time [U , areallocation decision (Al([o )) ismade to
the effect that spectrum block 1, which is assigned to user X, isto bereassigned at time | (|, < )
so as to decrease the size assigned to X (with a possible compensation).  Given this decision, the
government makes at time§ (lG <§ <[1 ) another reallocation decision (A2(§ )) to the effect that (1)
the assignment of block 2 to user Y isto be terminated at time§ (g <§ ) with areplacement which
isthe part of block 1 vacated according toAl(tU ) (with possible compensation), and (2) block 2 isto
be assigned tonew user Z at time§,  (§ <§, ,but § maybeverycloseto § ). Observethat the
decisionsAl(tO ) and A2(§, ) make it possible to reallocate the two blocks 1 and 2 smoothly™.

VI.  RICfor International Reallocation of Spectrum (IRIC)
A. International reallocation of spectrum

In this section, we consider the possibility of applying RIC to international reallocation of
spectrum; the system to be introduced below will be called International RIC (IRIC). IRIC, if
implemented successfully, will give the international community the same type of benefitsin
spectrum reallocation as RIC givesto a country.

At the present time, international allocation and reallocation of spectrum resources is governed
by international organizations such as the International Telecommunication Union (ITU).
Decisionsin ITU are made mainly on negotiations by member countries. Because of the conflict of
interests among member countries, it is often difficult to reach an agreement in ITU.  Difficulty is
expected to be greater in reallocating spectrum currently in use than in allocating spectrum anew.

In short, ITU, as an organization responsible for international allocation and reallocation of spectrum
resources, has been encountered by the same difficulty that national government has. The system
introduced below is away to solve this problem.  (We will use the terminology ITU in this section
to express an international organization. The discussion appliesto other international organizations
aswell.)

B. Outlineof IRIC

Let usfirst explain how IRIC works for international reallocation of spectrum bands. Itis
similar to the way in which RIC works within acountry. InIRIC, therole of national government
in RIC for domestic reallocation will be played by ITU for international reallocation. The role of
usersin RIC will be played by member countriesin IRIC.

Thus, amember country specifies an amount of compensation for each spectrum band in the
event that the band isreallocated by ITU. Member countries pay compensation premiumsto ITU

2 1t is possible to introduce a RIC in which a user can declare an amount of compensation for each combination of a reallocation
period and a percentage of replacement, even if the preferences of the user are not independent over reallocation periods and
percentages of replacement.  For example, auser may prefer strongly over others the combination of the 3-year period and the
replacement of 50% because of technological characteristics of devices to be introduced with reallocation.
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according to the IRIC premium rate determined by ITU. Member countries receive compensation
payments for reallocated bands.

ITU, in this system, maintains an IRIC budget for premium collections and compensation
payments. 1TU determines an IRIC premium rate so as to maintain the long-run balance of the
IRIC budget.

Decision by ITU with regard to reallocation is composed of two steps as in domestic RIC.
Thefirst step is to recognize the need for spectrum for new objectives of utilization. This may till
be done on negotiations, although it is expected that, with IRIC, member countries can make
reallocation decisions on data which would be unavailable without IRIC. The second step isto
determine where to obtain spectrum bands to bereclaimed. The principle which ITU should rely
on isthe same asin domestic RIC: minimization of the amount of compensations to be paid for the
reallocation with consideration of positive externalities.

Thus, the way in which IRIC worksis almost identical to the one RIC works. It is noted that
the premium payment and the compensations recei pts by a member country with ITU does not
necessarily balance; in short, there are international transfer of income as a consequence of
reallocation under IRIC in the same way that there are inter-user transfer of income under domestic
RIC. Observe that, in any international reallocation of spectrum bands, we cannot avoid some
countries from being benefited and some other countries from receiving damages; in other words,
there is no international reallocation of bands sacrificing no country.  International transfer of
income is a means to compensate such a sacrifice; it is ameansto realize international reallocation
of spectrum resources beneficia to the world asawhole.

C. ITU and member-countries (1/3)

In the remainder of this section, we consider three cases which arise depending upon whether
or not IRIC is adopted by ITU and a so whether or not RIC is adopted by member countries. We
first consider the casein which ITU adopts IRIC and member countries adopt RIC.  Since both
IRIC and RIC are price mechanism, the two together will function quite well.

In this case, national government with RIC aggregates the domestically declared
compensations for each band and registers the sum of the compensationswith ITU. The
government appliesthe ITU premium rate to the domestic users, collects compensation premiums
from domestic users, and pays the sum of the domestic premiums collected to ITU. Further, the
government distributes the compensation payments received from ITU for reallocated bands to
domestic users according to the amount declared by each of them.

Thus, in short, the role of the national government with regard to reallocation of spectrum
becomes transparent between ITU and domestic users.  The net outcome to domestic usersin this
case is the same as the outcome in the case in which domestic users dealt directly with ITU (without
intermediation by a national government). Figures 8(a) and (b) illustrate the transactions between
the national government and the users before and after a reallocation decision.

It is possible, however, that the domestic government still executes reall ocation of spectrum
bands under its own domestic RIC separately from IRIC.  The usersin this case will pay two
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compensation premiums, one for IRIC and the other for domestic RIC. There will be reallocation
of spectrum bands and accompanying compensations due to IRIC and reallocation and
compensations due to domestic RIC.  Thisislike our dealing with nationa and local governments
simultaneously in paying taxes and receiving public services. See the left-half of Figure 8(b).

D. ITU and member-countries (2/3)

Next, we consider a case in which ITU adopts IRIC but a member country does not adopt RIC.
That isto say, domestic reallocation of spectrum in the country is done under command and control
by the national government.

First, note that the national government, a member of ITU, must follow the IRIC rulesin ITU;
the government declares an amount of compensation for each band to ITU, pays compensation
premiums to ITU, and receives compensation payments for spectrum bands reallocated by ITU. In
determining an amount of compensation to be declared for each band, the domestic government
needs to aggregate the preferences of domestic users with regard to reallocation into an amount of
money. The work to be done by the national government for doing thisis of the same order of
magnitude as in the work by the national government preparing for negotiationsin ITU without IRIC,
i.e., asinthe current situation. The only differenceis that, in the current situation, the national
government expresses in ITU the aggregate preferences of the domestic users in the form of opinions
and statements possibly with data, whereas, in the case under consideration, the national government
expresses the aggregate preferences of the domestic usersin the form of an amount of money.

For this case aswell asfor other cases with IRIC, the amount of payment by the national
government to ITU as reallocation premiums is not necessarily equal to the amount of money that
the government receives from ITU as compensation payments. It is expected, however, that the
difference isfar less than the gross payment or receipt by the national government with ITU.

E. ITU and member-countries (3/3)

Finally, we consider a case in which ITU does not adopt IRIC but there are member countries
adopting RIC domestically.  Spectrum allocation and reallocation in ITU will be determined by
member countries through negotiations.  The government of a country with domestic RIC has
information about the supply prices of domestic spectrum bands at hand; the government can use
thisinformation in participating negotiationsin ITU. The burden to the domestic government
arising from the need for aggregating the preferences of the domestic usersisfar less than in the case
without domestic RIC.  Further, the government with domestic RIC can execute spectrum
reallocation agreed upon in ITU smoothly by using the domestic RIC.

In addition to the above, we point out that there is a possibility for some of member countries
with domestic RIC to form a group within ITU for spectrum reallocation. We call it the group of
countriesfor IRIC (GIRIC). SeeFigure9. The GIRIC member countries may execute IRIC
within GIRIC; it islike forming a Free Trade Agreement (FTA) in the world in which free trade does
not prevail globally. In this case, the GIRIC member countries will enjoy the benefits of IRIC
within GIRIC.

Even though GIRIC does not implement actual IRIC within itself, the GIRIC member
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countries can still assemble information from their domestic RIC to be used for the benefits common
tothem. A way to do thisisto conduct asimulation of IRIC within GIRIC without actual premium
collections or compensation payments for spectrum reallocation.  The outcome of such simulated
IRIC within GIRIC may be used to form an opinion by the GIRIC member countries for negotiations
inITU. The possibility that areallocation plan preferred by the GIRIC member countriesis agreed
upon in ITU will beincreased by this. In short, the GIRIC member countries use their domestic
RIC as ameans to collect information about the value of their domestic spectrum bands, and then to
aggregate such information for the benefit of the GIRIC member countries. Thisisan example of
the informational benefit of RIC and IRIC as a price mechanism.

VII. Conclusions

In this paper, we proposed and described RIC as an economic mechanism to reallocate
spectrum resources.  We note that RIC can provide with an economic basis for defining an extent
of legal right of using a resource such as spectrum.  On the one hand, spectrum can, though need
not, be used exclusively and privately in the same way as ordinary goods are; hence, it is possible
to form a property right on spectrum.  On the other hand, unlike ordinary goods, spectrum asa
resource has externalities; if we allow an unlimited property right on it, we may end up with an
inefficient use of spectrum for the society as awhole, even though each piece of spectrum is used
efficiently from the standpoint of individual users. Thisis the reason that we need to have a
system for reallocating, as opposed to reassigning, spectrum.  In other words, we should introduce
aright to use spectrum limited for efficient use of it for the society as awhole, and the limit to the
right is the obligation for individual usersto accept reallocation.

Now, reallocation may be realized directly by the government, i.e., by command and control;
it may also be reaized by an economic mechanism which is compatible with individual incentives.
RIC isone of such mechanisms; it combines a system of insurance and compensations with a
system of supply-price revelation.

It is seen that RIC as such may be applied to the use of resources other than spectrum with
excludability and externalities. Land and other space resources are immediate examples. Another
example may be subscription to legacy telephony (as opposed to IP telephony). Consideration of
thistopic isleft for research in the future.
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Figure 1(a): Insurance and Compensation for Reallocation
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(before reallocation decision)
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Figure 1(b): Insurance and Compensation for Reallocation

oniki@alum.mit.edu
www.osaka-gu.ac.jp/php/oniki/

(after reallocation decision)
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Figure 2(a): Supply of Spectrum Blockswith regard to Reallocation (1/2)
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Figure 2(b): Supply of Spectrum Blockswith regard to Reallocation (2/2)
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Figure 2(c): Calculation of Premium Rateswith Linear Supply Curve
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Figure 3: Matrix of Efficient-lmprovement Indices
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Figure 4(b): Distribution of Efficient-lmprovement Indices

with False and Speculative Declaration
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Figure5: Declaration of Compensationswith Multiple Reallocation Periods
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Figure 6 : Declaration of Compensations with Compensationsin Kind
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Figure 7: Spectrum Reallocation with Multiple Reallocation Periods
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Figure 8(a): International Insurance-Compensationsfor Reallocation

(beforereallocation decisions)
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Figure 8(b): International Insurance-Compensationsfor Reallocation

(after reallocation decision)
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Figure9: International Reallocation of Spectrum with GIRIC
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