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1. Introduction

Up to the 4th generation mobile communications, the mobile operators have
constructed their private networks by themselves even though they have partially used
the WiFi networks to release heavy traffic from their own networks. However, in the
5th generation mobile communications (5G), the operators will be demanded to manage
huge dater transmission and then will be compelled to combine their own constructed
networks with many other different networks under the third party’s construction and
control. In an extreme case, the operators may own their network no more and rent
third parties’ networks. The 5G mobile operators will cease to be mobile network
operators (MNO) and become mobile virtual (MVNO) as a result.

In this situation, who will invest in the networks? It is necessary to obtain a
wide bandwidth such as several hundred MHz or several GHz of bandwidth to transmit
huge data. Such a broadband can be assured only in a very high frequency band like
the 60 GHz band. Nature of the radio wave to be considered, the signals attain a few
hundred meters. The operators should set up base stations very densely and pay for
not only the base stations but also construction and operation of their backbone.

In the central cities, coffee shops and railway stations will provide data
communication services for their own customers and be willing to join in the several
operators’ networks at the same time. However, in the suburban areas and the rural
areas such a voluntary provider may not appear. The operators may construct their
networks on their own account and/or by receiving the public subvention, as long as
such an investment attracts their customers. The efficiency and effectiveness of the
investment to be considered, each operator may share the others’ infrastructures.
Therefore technological differences will disappear among the 5G operators. The SIM
cards have already been released from the mobile handsets provided by the mobile
operators and then consumers can choose their favorite handsets. Price, coverage and

facility of transmission (i.e. speed) may be determinants for choice of the operators.



Under this business environment, the regulators should revise their spectrum
assignment policy. Up to now, the regulators have assigned dedicated radio frequency
band to mobile operators on the auction basis or on the economic value basis. However,
in the 5G system, a vast band will be exclusively assigned to many small and very local
providers in the city centers and be shared by plural operators in the suburban and
rural areas. New schemes such as the Licensed Shared Access (LSA) and Authorized
Shared Access (ASA) are proposed. G. Pogorel and E. Bohlin (2014) summarized the
policy trend, debate and benefit. They appreciated spectrum pricing systems such as
the Administrative Incentive Pricing (AIP) in the U.K., and suggested to create a
spectrum pricing adaptable to the LSA and the ASA. Unfortunately, they did not show
clear methods for the pricing and only implied that the appropriate price should exist
between bids in the actual auctions and the AIP.

In my presentation, I focus on the mobile operators’ trade-off between the
technological investment and the spectrum acquisition, which was theoretically shown
in K. Yuguchi (2013). In addition, I also focus on the option value of the specific
spectrum usages under the future uncertainty in spectrum provision and operators’
uses. The idea of the option value was historically constructed in the environmental
economy and almost completed in the 1980s. This idea was a little different of the
argument of the real option. I have already suggested using the idea of the option
value for spectrum pricing in my presentation at the 6th ITS Africa, Australasia and
Asia Regional Conference in Perth in 2013. Here I mixed these two ideas and will
show an appropriate calculation model for the LSA and the ASA. My model will show
the level of spectrum prices more accurately than the G. Pogorel and E. Bohlin [2014].
Probably this theoretical model may contribute the recent debates on the LSA and the
ASA from the pricing approach.

2. Paradigm Shift

Up to the 3rd generation mobile communications, we have recognized the
narrowed bandwidth as a typical technological method of the efficient use of spectrum.
However, since the 4th generation mobile communications, we understand that
transmission with a very broadband for a very short time makes an efficient spectrum
usage. There are a great number of spectrum users with a wide variety of purposes in
the most useful bands of spectrum, i.e. below 6GHz, and thus it is very difficult for every
user to occupy a very huge bandwidth by itself. To ensure this new type of efficient
transmission method, the operators may choose either of two technologies;

® Ultra Wide Band (UWB)



® (Career aggregation

(1) UWB

If the UWB technology and its kind are introduced as one of the 5G systems,
spectrum will be used in a multi-layered way and will be separated at the level of the
power and the interference tolerance. The mobile operators will construct and manage
a single network of the UWB technology. They will negotiate with other multi-layered
users concerned. In this case, the mobile operators will act as MNOs and will invite
some MVNOs in their network as their traditional business model. They can control
the quality of their services by themselves, and thus they may find easily the value of
their spectrum. Necessity of negotiations with other spectrum users considered, the
value may vary on the basis of the transaction costs, i.e. the number of spectrum
sharing users. As the number increases, the value will decrease due to the time and

the real costs of arrangements.
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[Figure 1] Spectrum usage model adopting the UWB technology and its kind

(2) Career aggregation

Actually, many different spectrum users coexist in the most useful bands of
spectrum, i.e. below 6GHz, and thus it is impossible for the national spectrum
management authorities to prepare a large continuous bandwidth. As a result,
operators must use and aggregate several fragmented bands to ensure a necessary
bandwidth for high data rate transmission. For example, [table 1] shows spectrum

assignment by group of mobile operators in Japan.



[Table 1] Spectrum assignment by group of mobile operators in Japan

Bands of 700 800 900 1.5 1.7 e 2.5 3.5
Frequency | MHz MHz MHz GHz GHz “ | GHz GHz Number
FDD Total | °f .SbUb'
System FDD FDD FDD FDD FDD | 6oMEzx2 | TDD TDD scribers
bandwidth | 30MHzx2 | 30MHzx2 | 15MHzx2 | 35MHzx2 | 35MHzx2 | TDD 100MHz | 120MHz Sep.2013
31.2MHz
NTT LTE 3G/LTE LTE 3G 3G/LTE LTE-A | 200 61.77M
DoCoMo 20MHz 30MHz 30MHz 40MHz | 40MHz 40MHz | M[Hz '
KDDI GROUP
LTE | 3G/LTE LTE 3G/LTE LTE-A | 150 39.05M
au 20MHz | 30MHz 20MHz 40MHz 40MHz | MHy '
UuQ WiMAX 50
Communi 2 4.28M
cations 50MHz MHz
SOFTBANK GROUP
3G/LTE 3G 3G/LTE LTE-A | 130
Softbank 30MHz | 20MHz 40MHz sOMHz | MH, | S40™
. LTE 3G/LTE 50
EMobile 90MHz 30MHz MHz 4.41M
erfeless AXGP 30
City 30MHz MH 2.08M
Planning Z
PHS
Willcom 31.2 31.2 5.31M
MHz MHz

Data: Ministry of Internal affairs and Communications (2014).
The author adds the result of the spectrum assignment for the 4G (3.5GHz band)

‘M’ means million.

If mobile operators construct their networks composed of many fragmented
exclusive bands on several bands of spectrum, they will aggregate these bands by
themselves to provide their services. Actually, the MVNOs generally use a single
MSO’s network. However every MNO adopt the same technology for the 5G, the
MVNOs will not choose a single MNO’s network anymore. The MVNOs may combine
several MNO’s networks to produce their required services; i.e. the highest speed
service, the cheapest service and/or the best mix service between the speed and the
price according to clients’ location and/or needs. The MVNOs will become like freight
forwarders and travel agents. The MSOs may really fall into a status of the dump pipe
providers and face fierce competition. One of the key technologies to realize this type
of market is the software radio. This technology has already been introduced in some

devices. However, in the 5G devices, the software radio should be adaptable to very




wide bandwidth.
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[Figure 2] Spectrum usage model adopting the Carrier aggregation Systems

3. Value of Shared Spectrum

If national spectrum management authorities introduce the shared spectrum
access scheme, a next problem will be on the license fee. In my model, this problem
may come from the spectrum usage model adopting the UWB technology and its kind.
Traditionally licensees can use the spectrum exclusively, especially when the spectrum
1s assigned by auction. Once the shared spectrum access scheme is introduced, the
existent licensees may face some restrictions on their future use of assigned spectrum.
There exists uncertainty.

How to introduce the uncertainty into the pricing/valuing model of the band of
frequency? Recent outputs in info-communications economics have shown usefulness
of the real option theory. The theory shows when the investment should be done, and
how much the value of the project increases by deferring the investment in order to
decrease risk of the future under an uncertain environment in revenue. Ironically, this
theory ensures the reverse trade-off, i.e. higher auction bids invite delay in the
introduction of new services. It was said that higher auction bids lead early beginning
of the new services in order to rapidly return the huge payment of the bid. In addition,
each existent spectrum user faces uncertainty not only in its demand for the spectrum
due to volatility of its revenue, but also in supply of the spectrum resources.

The traditional option value theory in environmental economics shows the

additional value to mitigate the risk of loss of supply in certain goods under uncertainty



in demand for the goods. B.A. Weisbrod (1964) introduced firstly the idea of the option
value in the context of preservation of a local railway. Its clear definition and its
economic effects were given by some economists in 1960s and 1970s, and finally the
theory was completed by A.M Freeman III (1984) (1986).

According to A.M Freeman IIT (1984) (1986), the option value is defined as the
incremental value obtained by purchase of an option through amelioration of possibility
of the future supply under demand uncertainty of the specific good or service in the
future, and mathematically defined in the following model.

Suppose that a good or service like a national park or a local transport service,
which a consumer does not use actually but has intention to use in the long future.
Possibility of future supply of the good is ‘p’ (0<p<1) before purchase of an option, and
will be ameliorated to ‘p™+’s’ (0<s<l, O<p+s<1) after purchase of the option. These
possibilities are subjective. Suppose two situations with and without the good or

service.

[Table 2] Definition of the Option Value of the environmental/social goods and services

Possibility Possibility
) The good ) .
The good or Before After Price Indirect utility
) ] Income or .
service will | purchase of | purchase of system ) function
) ] service

the option the option

Be supplied P pts Y1 P: G Ui(Yy, P1, G)
Not be
) 1-p 1-p-s Y2 Pq 0 U2(Yz, P2, 0)
supplied

The price of the option is written as ‘OP’ and defined as

Ebetore = (p+s) x U1(Y1-OP, P1, G) + (1-p—s) x U2(Y2-OP, P2, 0)

Eatter = p x U1(Y1, P1, G) + (1—p) x Ua(Y2, P2, 0)

Ebefore = Eafter

(p+s) x U1(Y1—OP, P41, G) + (1—p—s) x Ua(Y2—OP, P2, 0)

=p x Ui(Y1, P1, G) + (1-p) x Ua(Y2, P, 0)

The consumer’s surplus (CS) of the good or service is measured in a compensated form
such as following

Ua(Ye, P2, 0) = U1(Y1-CS, P1, G)
Thus, the option value (‘OV’) is defined as

OV=0P-sxCS




It is widely known that the sign of the option value become both positive and negative
according to the marginal utility of income.

In the above option value model, the option price and the option value are given
by a consumer’s utility function. If we modify this model into using the cost functions
instead of the utility function, we will give a definition of the option value of the band of

frequency that comes from the future restriction of the spectrum usage.

[Table 3] Definition of the Option Value of the Shared Spectrum

Possibility Possibility

The shared ) )
Before After ] Unit | Quantity Cost
spectrum Profit . .
) purchase of | purchase of price | of output function
will be used ) ]
the option the option

WITHOUT
. p pts 1 r1 y1 Ci(yn)
restriction
UNDER
fierce 1-p 1-p-s ) T2 y2 Ca(y2)
restriction

In my presentation in the ITS Europe 2015, I will show the clear definition and
the sign of option value of the shared spectrum, and also give some implication in the

value of shared spectrum in comparison with the exclusively assigned spectrum.
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