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Abstract— Telecommunication Market evolution poses
challenges for future mobile networks. On one sidepressure
on network operators regarding technology investmeis and

decreasing revenue; while on the other side, chargein

customer behavior and perception give rise to the wgst for

structural re-organization and for new business stategies in
the telecommunications business. This paper givestention to

the telecommunication market from the microeconomic
perspective and describes a solution for a near pect

telecommunications market where the market innovatin and

the efficiency of underlying telecommunication sysim are
optimized by forces of demand and supply. The authio
envisions a pervasive telecommunication market badeon the
marketplace concept proven over 200 years’ combinedith

advanced wireless network architecture.
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The telecommunication market evolution
challenges to future mobile networks. There is mor@ous
pressure on the network operators to reverse tal tof
decreasing revenues, to adopt new cloud infrastrecto
provide broadband, delay and reliability stringeatvices,
as described in [1] and to ensure necessary teotical
investments as discussed in [2] and [3]. On onel haigher
transmission peak capacity is required and on tiwerp
networks are highly underutilized, as stated in pm the
user perspective, rapid changes in customer behéaia
perception) set special requirements for networtt aaw
service categories force redefinition of the previtb-
customer relationship [5].

A promising approach towards network cost reduci®n
sharing of radio resource. The pure infrastructsiaring
can be realized, but at the expense of suboptinaoditg In
contrast, radio resource sharing between “equathpss is
very challenging - interoperability and respondgipilin
management decisions are the main problems to.sbhe
literature proposes a lot of strategies for shadghghysical
radio resources, e.g. game theoretical approadhesthe
strategies deal with some potential sharing idemstsl
concern mostly single aspects reduced to one $pecif
problem, which do not help to solve short term istial
multi-dimensional situation in radio resource shgyias
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poses.

discussed in [6] and [7]. There is also a well kna@ncept
concerning “non-equal” cooperating partners, on eiue
the Mobile Virtual Network Operator (MVNO) and ohet
other the Mobile Network Operator (MNO). MVNO does
not dispose of own radio infrastructure and hasoperate
with an incumbent network operator by leasing radio
resources within the condition of a service levgleament
(SLA). Since the SLA contrasts are long-lasting tcacts,
they are not adaptable to changing situation dutimg
contract time. So, they are not dynamic to readjusteal
capacity need in terms of location and time neeat@ti not
flexible for fast reaction to global market changes
Furthermore, the MNO dominance makes impossible for
upcoming & parties to enter the telecommunication market.
With other words, the telecommunication market does
meet all conditions for flexibility, business dyniaity and
price discrimination. Therefore we propose Wirel@gket
Exchange (WTE) a solution which makes possible, ttha
telecommunication market will be:

Open for and transparent to all market players,

Flexible and dynamic,

Can quickly respond to rapid market changes,
Guarantees easy entry to the market for newcomers,
Decision freedom and independence of network and
service providers will retain,

Service providers have the possibility to addrasgeted
consumer groups rapidly, and

Contracts between providers as well as between
providers and users are flexible with regard to tiamt
subject, price, and duration.

Our approach does not focus only on technologyuak,s
but also on integration of economic and user aspetd a
holistic framework realized by the WTE approach

The rest of this paper is organized as followstiSa |
provides economic background and introduces bagics
market mechanisms in user—provider interactionti®edl|
addresses necessary changes towards a
telecommunication market. Section IV goes into ittetaf
the idea of the Wireless Ticket Exchange. Section V
addresses the user integration into the upcomimgapive
telecommunications market. Section VI concludes the
paper.

future
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Il.  MARKET MECHANISMS

To understand the issues arising in telecommuwicati
network economics,
microeconomics market mechanisms.

Due to market mechanisms, demand and supply balancg,

towards an optimum. The higher the price of a pcodie
more the supplier is willing to produce and sel geen in
Figure 1, product demand follows the inverse ofgheduct
price. The market clears at the equilibrium pri¢eapd the
quantity g*. The variation of the price and quantitver
time depends on the way in which supply and deman
respond to economic variables such as demandexsnia,
production costs, etc. If the price p* is regulatedy, the
guantity supplied decreases and a demand shoréagéogs

[8].

we focus first on some basic

Price changes of a product affect the affordabditg so
the number of potential customers in such way that
higher the product’s affordability the higher thanket size.
Also, the lower the product price, the more prieasitive
users will be attracted [10]. Besides the pricesr'gsnon-
onetary preferences must be taken into accoustrategic
decisions of a provider.

A. Usersutility

The preferences of a userusing a telecommunication
service can be therefore represented by a utilibgtion U;
dhich is an abstract concept in economy and which
represents the satisfaction or benefit that a gaers from
consuming a given amount of resources. The utitigps
the set of outcomes, e.g., Quality of Service (Qo0S), access
time to the network, etc., to the set of real vajuas e.g.

Above mentioned mechanisms show the native markgiroposed in [11]. Usually, the utility function istty
feedback balancing demand and supply to the optimumiecreases in prigg, which means, the user prefers to pay as

Any external influence violates market forces [9].
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Figure 1. Market mechanisms.

As shown in Figure 2 the number of potential cugobase
C, as given in (1) depends on users’ affordabityefined
as the relationship between the disposable incomesd
pricep, as shown in (2), wheleis a constant.
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Figure 2. Normalized customer base vs. product
affordability.
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little as possible. The reference utility we carfire as
Ui(0o,0), i.e., a utility without monetary outcome, andrthe
the valuation function for the outconggis the maximum
price the user is willing to pay for the preferredtcome
over the reference utility:

Vi(a)=sudp; :U; (@, pi) -U; (@ .0) 20} (3)

Now we assume, the user would like to stream aovigi¢h

a high qualityp and his utility functionJ;(e,p;) is increasing
in o. Additionally, we suppose that the user is willitogpay
an additional fegs for a higher streaming quality and will
not pay for the service with a lower quality thdefined as
omin €ven if the service is for free. In this case &f
0< 0,in < Prin + X the utility function is defined as

Ui (Pmin + % B + BX) =U; (Omin, Bi)

Applying g, = 0., and concerning (3)

Vi () =su p; :U; (0, i) 2U; (Brmin O)} =
supi :U; (o, pi) 2U; (0, B(P — Prmin)} =
B~ Prin)-

If ©<Pmin, the user is not willing to pay for the service
improvement, hence the user gets the same utility
asO = P - The valuation function

Vi (0) = Bl(o = Pmin)]" -

reflects the maximum price the user will be willitg pay.
Therefore the utility function

Ui, p) = Blo = pmin)]" - pi -
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can be used by the operator to compute an equivplae

The telecommunication market today does not have a

for a service with qualityp. The above model indicates the mechanism which guarantees that a general demanpdysu

importance of the effects of user preferences oulymt, in
this case, on service design. Operator has theryity to

create an extensive service portfolio to measureddmand
structure, and to calibrate the service parametecsrding
to users’ valuation. The wider the service portfplthe
higher the probability that certain services complith

users’ requirements and the faster an operatoopémize
services and the revenue.

B. Operatorsrevenue

Building on the above observation we construct a

business valuation function representing operat@gnue
from transactions at the time services are soldydneral,

the revenueR is the quantity of the sold product times the

selling pricep.
The number of sold products results from the numiddfer
customersC who bought a numbeX of the product. The

balance can be maintained on the market. Thislem@taieed
for information on market conditions and its catiasi
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Figure 3. Different services and their normaliziednand
on the market.

Conventional distribution channels such as shops or
provider's own internet platform are cost intensiaad

number of sold products results from the number ofddress to low customer base. Therefore, the peovil

customersC who bought a numbeX of the product snd so
the revenud can be defined

R=C*N*p. 4)
Considering (1) we define
C=A1-e™™), (5)

forced to maximize products volume, e.g., to creataplex

and expensive product packages and/or to force the
customer to accept a long-term contract. This iguim
contradictive to above findings. As a result, thevier
cannot exhaust the market potential and let busines
opportunities unexploited. If the provider wouldt ghe
opportunity to reduce distribution costs and to do

where A = 0is the fraction of users who bought the servicecontract volume and duration to customers’ needsemo

and 7 > 0is aconstant. We define product demand as

N=k*e(T—H" (6)

where k>0 is number of transactions per uger,0is the
parameter describing service characteristics, and0 the

most demanded service. Hence with (4), (5) andv6xan
define the total revenuR , from service:

Re =Y (k*e ™ 5 A0-™)*p). ()
i=1

In summary, a telecommunication market model, a

shown in Figure 2 and Figure 3 can be characterzed
number of potential customers interested in a $peci
telecommunication product and by a number of unfitthis
product, the potential customer efforts in deperdenn
product embodiment.

As shown in Figure 2 the higher the product affoitity
the more customers will probably buy this produttis

advantageous to have cheap products due to higher

customer base. Furthermore cheap product have Ipetifit
margin. Figure 3 shows, that the better

units will be sold per customer. Services (see feigs)

described by the service depiction value considerin

affordability, price, QoS, duration time, targetogp, etc.
have to be carefully designed in order to attraerrsi and to
maximize the demand.
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product’
embodiment fulfills customer demand the more produc

S

closely he would increase its revenues signifigantl

A remedy can be a marketplace that integrates all
customers having demand for telecommunication prtsdu
Such marketplace is provided online and so margesind
customer assistance in dedicated shops is not deede
Purposive provider’s internet pages are superflutoos In
addition, contrary to provider's web pages, offprevided
on a marketplace are transparent and help custotoers
understand the presented service and price plaroriine
marketplace provides the product presentation amal t
drading for every provider and will therefore redube unit
costs.

To enable the telecommunication market fulfilliniget
mentioned requirements in Section | we propose
telecommunication marketplace empowering naturaketa
forces. Such a marketplace can be represented ayciion
or an exchange.

C. Auction and Exchange

Economics know different embodiments of competitive
markets, depending on traded artifacts and tradirgs.
Auction and exchange are examples of marketpldees.
example, Google proposed recently a concept, wherser
pings service providers for their best offers wiglacing a
call [12]. Then, either the user or an appropraiplication
evaluates the bids and completes the call. In ditivaal
auction there are usually many prospective buyatsane
auctioneer conducting the auction process whicts fas a
defined time period. Auctions are in general appeate for
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unique objects and in telecommunication marketsnoftsed
to trade licensed radio spectrum [13]. Unlike autdi, an

design spacial extend of its network and dynamjicadlopt
resource volume to predicted traffic load. The glation of

exchange is a marketplace with many sellers andymameeded resource in respect of amount, contractidnrame

prospective buyers, where the prices are postdd Ttddes
are made directly between the buyers and the sellad the
clearing process is conducted immediately if thiera call.
Sellers compete by submitting offers to the exclamyin a
simplified way, directly to the user.

Therefore, in order to decide whether auction @hexge
is more preferable as a trading concept
telecommunication products by considering criteirger
alia, transaction duration, dynamicity,
transactions simplicity, we decided that an exckaig
better suited as a platform for trading of telecamioation
artifacts than the auction.

I1l.  NEW ARCHITECTURAL AND BUSINESS MODEL

and price is in its own responsibility.

Service Provider cooperates with MVNOs and offers
services targeting current customer needs. Depgratirthe
business model the services can be either intebriate
existing virtual network or can be offered to thestomer
separately.

forMarketplace Operator provides marketplace platform where

the MNIPs, MVNOs, and other players offer their guiots

opennessd anand make business.

Besides providers and operators alsers will play an
important role on the changing telecommunicatiorrkeia
Users will have the possibility to adopt contratiistheir
needs, preferences and actual location and asknéans
supporting the creation of individual service bl

The above theoretical analysis shows that mentionefurthermore users expect also to have access worhst of

requirements on the telecommunication sector can b

fulfilled by creation of a flexible operating platin, the
marketplace. Marketplace architecture implies rrertancy
and network virtualization, as claimed in [13]. $hipens
the value-chain of the telecommunication sector aond
leads to separation of telecommunication providégs. As
a consequence, previously closed proprietary iated are
turned into non-proprietary interfaces and thuseroff
infrastructure facilities to upcomind®®arties.

Therefore, in the next generation wireless netwark
possible business model can be based on
specialization of the market players towards:

e Mobile Network Infrastructure Providers (MNIP).
»  Mobile Virtual Network Operators (MVNO).

e Service Providers (SP), Content Providers (CP), etc

» Marketplace Operator.

Mobile Network Infrastructure Provider offers network
infrastructure and technologies as well as conwiggti
service. To make physical resources multi-tenaalaskte, a
MNIP transforms its network resources into
resources by virtualization and wraps them to telddacts
targeted to different customers. Telco artifacts described
by a number of parameters as QoS, traffic volumeation,
radio access technology, contract duration, prite, The
MNIP is obligated to guarantee the complete peréoroe
of the telecommunication artifacts.
Networks created and managed tobile Virtual

Network Operator are based on virtual resources purchase@UPP!Y-
from MNIPs on a marketplace. Note that the propose

MVNO differs from the today’'s defined MVNO. Sincket

increas

logical

ifferent operators in order to get the specified/ice.

IV. WIRELESSTICKET EXCHANGE — THE MARKETPLACE

The envisioned telecommunication market is basedelh
defined and straight trading rules and createsadirtg
environment transparent to all parties. Each biddews
the offerings by competitors and the asked pricHse
proposed telecommunication market comprises thiéopfa
WTE, the WTE Operator, various telco artifact pdmris
and users.

Qp the WTE market players meet one another anduznd
transactions by trading telco artifacts. Telcofactis can be
any telecommunication object provided by
telecommunication players. This can be hardwaré sisca
Base Station, Small Cells, Backhaul as well as tspeg
bandwidth, service, etc. The telco artifacts argcdbed in a
form of standardized Telco Tickets whereby thecttme of
Telco Ticket can differ for commercial and privaigers. In
general, Telco Tickets describe details of theroffe

As already indicated, the WTE is provided by the BVT
Operator. He has a broker role and provides anasgdh
infrastructure supporting the execution and fulfgl of
transactions. The broker role comprises in getfiiedco
Tickets from the telco artifacts provider and mangghe
transaction process. A transaction is executeceahtime.
Since demand and supply interact in a closed-ltepprice
level and service characteristics have importafecefon
qguantity demanded and inversely, the demand infleen
We would like to emphasize, that the feitur

getworks will be definitely dominated by solutioalowing

m:n customer to provider relationships. Assuming so,

MVNO does not own its own network, no customers carPUSIOmers are not necessarily bound to long temtracts
roam to that operator. However, all the customdréhe @nd can choose between multiple providers accorting

MVNO have roamed to the networks of the MNOs. ThisuSer's specific demand. This will be an opportunity

makes the situation asymmetric, and this is notctnge in
our concept. MVNO can purchase connectivity sesvitte
expand its virtual network by additional area. Thksto the
flexibility given by the marketplace, MVNO can fige
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providers to create innovative products and so to
differentiate from each other. Broad base servinggrms
of technology, service type, service quality andemill in
turn generate positive stimuli for the market ssscef the
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market players. The WTE is separated into the Comiale as non-commercial users’ are stored in Thader Register.
Ticket Exchange and the End User Ticket Exchande T TheService Register stores Telco artifacts to be traded. The
Commercial Ticket Exchange covers trading betweergontent of the Service Register, bids and asksadiglé from
business companies trading with business addressé@e contractors, is presented in a human readabfe fo
artifacts, i.e., Business-to-Business (B2B) markehey allow traders to choose and to select services rieey, and
have the possibility to sell and to buy networkowgses, (O buy corresponding tickets. THeommunication facility
different services, network nodes, etc. Furthermdhe  SUPPOItS internal communication between the Ragiste

. : : between the Registers and Trading Facility, andereat
companies offer services to the users. Their oHieestraded L : - '
on the End User Ticket Exchange serving users derian communication between the Wireless Tlckelt Exchasmoe
a Business-to-Customer (B2C) market FurthermoreSUbS.yS‘tems of the network. Tﬁ’eot Home Register (RHR)
; . . y receives data from the Trading Facility and stdhes data
services such as Machine-to-Machine (M2M) are alsqq sengs it to the Home Service Server of theliedo

provided at the WTE. network. TheSubscriber Name Server (SNS) guaranties that
A. WTE functions the call is routed directly to user’s current lécat
The WTE has to perform three tasks: C. Integration of marketplayers infrastructure into WTE

«  Admission as a trader. Trading of products on the WTE requires an inteégnat

of the infrastructure belonging to market playemoithe

» Telco Ticket presentation. ‘ ) .
b WTE functionality, as shown in Figure 5.

e Transaction processing and fulfilling.
Admission as a trader is performed in a registmatio
procedure where the applicant data is collectede Th

application procedure is different for commerciadidor end e . H
user applicants. b HAReM
Telco Tickets will be exposed by a WTE service é wre. |
GW

application presenting submitted bids and asks he t

customers and allowing the customers to purchaseted e we
artifacts. The WTE provides exchange facilities hwit e W
interfaces for human interaction and machine type H
communication. customer
/subscr.
B. WTE functional architecture
The main functional entities of the WTE architeetur Figure 5. WTE extensions to the network.

are theTrading Facility, the Communication Facility, the
Service Register, the Root Home Register, the Trader
Register, the Subscriber Name Server (SNS), and the
Authentication Center (AuC) (see Figure 4).

This can be achieved by means of a specializedvgsite
the WTE-Gateway, which is able to translate hetenegus
interfaces into WTE standard. The WTE-Gateway is
moreover connected to other specialized nodeseMNIP,
MVNO or SP side. Figure 5 depicts an example of RINI

@. 0 7 ik ”\\ and MVNO. MNIP is equipped with a logical entitylled
Provaae® &] serice [N Heterogeneous Atomic Resource Manager (HAReM) and a
: \ customer database. HAReM combines Atomic Resource
@ e @ \ Entities (ARE) collected by Atomic Resource Manager
ol N ‘ (ARM) to larger data transport entities, and createlco
‘o ] Tickets that will be delivering to the WTE in order sell.
" / Additional architectural entities on the MVNO sidee

Operators

/ Heterogeneous Network Manager (HNM) and Customer &
1 / Supplier database. HNM is responsible for virtuetwork
‘g O N S creation, management of the virtual network, fostiog the
— network capacity due to subscriber’'s requiremertsd
foreseen traffic load in respect of considered wsmands
on throughput. The HNM includes also creation and

The Trading Facility allows users to access the WTE as d"a@nagement of Telco Tickets.
visitor or as a subscriber. Rights a granted tésiiov to see v
the offered bids and asks, but without the privéleég close ) ' ) )
transactions. The WTE subscriber may be the end ase TO enjoy the benefits of the WTE user has to regisb
well as a commercial user, a commercial CompanserAhe WTE service as a trader. After the reglstratlomp_dmre the
registration as a WTE subscriber, the End User gets User becomes a trader who can benefit from difteoéfers
Subscriber Identity Module (SIM) card authorizingttade ©Of various MVNOs and Service Providers. The user ca
on the WTE. Registration data of both, commerciainll ~ Purchase telco services on the WTE and (in exceglticase)

Figure 4. WTE functional architecture.

USERS CENTRIC APPROACH
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the user can sell acquired Telco Tickets back. nNEVETE
subscriber is equipped with a SIM card identifyliign as a
trader. The SIM card storing user’s identificationmber

artifacts addressed to commercial companies, akaseto
private consumers opens new streams of revenuegsbri
opportunity for network monetization, radically inpes

(WTE identifier) allows him to access the network o cost structure and increases users’ satisfaction.

MVNOs registered on the WTE. It is quite evidehittthe

In future works we will provide numerical methodslasSON

trader has to possess Telco Tickets from one oremomarket driven algorithms applied to WTE service.

MVNOs before he can do calls in corresponding netwo
When a subscriber buys a service on the WTE, the
subscriber's data is automatically transferred t&/NDs
Home Subscriber Server or corresponding facilitysiich a
way that the buyer becomes the status of nativecsilier of
the seller for the time covered by closed traneactif
required, transaction procedure can be repeatedarty
number of times with different network operators. #result
a user has access to networks belonging to thoSdG8V 1]
In case off Telco Tickets containing combine sessjas for
example content service and corresponding streaming
service, both providers are informed about condlctel[2]
transaction.

At the time the user enters a network of a MVNQ ties an
agreement with the user the MVNO provides the ugtr a
MVNO local identifier. The telecommunication systeses

; " X (3]
the local identifier to route the call to the deation address.
The user gets the status of a native subscribirecfeller for
the time covered by the closed transaction. [4]

VI.

We conclude that separation of telecommunication
players’ roles is necessary to fulfill actual antufe market 5
requirements. By opening the value chain more lssin
opportunities for traditional and new players witle
available. The results will be welfare in maxim@gimarket
equilibrium by the forces of supply and demand.nirithis
point of view we did not restrict our research tare
engineering on technological solution but we inddgr
economic and user perspectives, as well. As a qoesee
we draw the idea of WTE where various telecommuigna
providers, network operators, business customeds el
users trade telecommunication artifacts in a foggamic,
transparent environment with associated functiowmivork
and marketplace architecture. The many-to-manyoousst
to provider relationship forces competitive advgetsand
boost performance in product differentiation andoivation.

In opposite to known business models, we propose th
providers retain their independence and freedomhecfsion

in issues: which, with whom and how much resouie t
share. Due to flexible and dynamic contracts the BT
operators can cope with rapid changes in customersiz]
behavior, attitude and requirements. Again, duentoket
transparency users will generate immense dynammck a
leverage expected assets.

From the regulation point of view, WTE allows arsiga
entering the market for upcoming® Parties. However,
putting such an approach into practice reduces amaly of
today players in the mobile radio communicatiomc8ithe
market offers new possibilities too, they can expec
additional value by developing their commercialatigty.

To this end, we are confident, trading of telecomitation

CONCLUSIONS

(6]

(7]
(8]

9]

(20]

[11]

(13]

[14]
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