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ABSTRACT

We built a techndogy evolution analysis framework for a singe
case study of mobile pea-to-pee (MP2P) communicaions. We
identified three different evolution paths for MP2P
communicaions: Internet-driven, telecom-driven and proprietary.
We used P2PSP, IMS and Skype respedively to represent the
evolution paths. According to our anaysis, P2PSP is an
alternative to existing networks in situations where lower costs are
desired, IMS is afoundation for operator-controlled services, and
proprietary services are the first wave of MP2P communicéaions
services. We proposed the evolution of mobhile cli ent-server voice
over |P services as a significant determinant for the evolution of
MP2P communicétions services.
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Systems — Distributed appi cations.
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K.6.0 [Management of Computing and Information Systems]:
Genera — Econamics.

General Terms
Econamics, Management, Theory
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1. INTRODUCTION

The emergence of high-end mobile multimedia devices and
efficient mobil e data transfer techndogies are technicd incentives
for developing novel mobil e services. On the other hand, pea-to-
pee (P2P) techndoges have emerged in fixed networks,
acourting over haf of the Internet traffic [17]. The combination
of mobile data transfer and P2P technd ogies creaes discontinuity
and initiates a variation phase in the evolution of mobile
communicaions.
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It is typicd of the telecommunicaions indwstry that posshiliti es
for new techndogies continuowsly open up even thoughno clea
market need exist. Both failures in the commerciali zaion process
and unexpeded success stories happen unexpededly. The
techndogy evolution dynamics is very complicated, as many
condtions on success have to be met simultaneously. The aim of
this paper is to study from a hdlistic techno-econamic point of
view the successfadors of mobile P2P (MP2P) communicaions.
We espedally focus on the divide between operator-controlled
“walled garden” and open Internet-based service platforms.

According to our knowledge, MP2P communicaions
techndogies have not been previousy qudlitatively compared to
ead other. Our study is a novel quditative and comparative
approach to MP2P communications.

The reseach methoddogy in this study is a single case study
approadh. In such an intrinsic study the aim is to understand the
behavior of a spedfic case, while an instrumental study uses
multiple cases to explain larger theoreticd phenomena[42], [50].
Before the case study, a literature review is made both in the arees
of innowation management and MP2P communicaions. The
review relates the study to the previous theory and findings.

Withou areseach focus it is easy to become overwhelmed by the
volume of data [9]. As a conseguence, we define the reseach
scope adopted in the study to be limited to its own framework of
the existing literature in order to obtain insights into the research
target. We describe the framework and relevant MP2P
communicaions techndogies in Sedion 2. We then apply the
reseach framework to three different evolution paths that
charaderize alternative evolution paths typicd to the variation
phase of MP2P communications in Sedion 3. Finaly, based on
the case andysis, we give recmmmendations for successul
management of MP2P communicationsin Sedion 4.

2. LITERATURE REVIEW
2.1 Technology Evolution

Techndogies evolve through periods of incrementa change
purctuated by techndogicd innowations. Competence-enhancing
discontinuities complement the existing competences and are
initiated by incumbents. In contrast, competence-destroying
discontinuities make the previous competences obsolete.
Incumbents are not willi ng to cannibali ze their existing products
and services. [46]

Incumbents tend to develop techndogicd performance finaly
exceealing even the most demanding customers' needs. Typicdly
at the same time new chegper techndogies start to gain market



share among less demanding customers. These techndogies,
originaly ignared by the incumbents, begin to gain share of the
mainstrean market. These techndogies and the related
innowetions can be charaderized as disruptive. [7]

In the beginning of the evolution of new techndogies there is a
phase cdled variation, where emerging techndoges and their
substitutes seek market acceptance The development in this phase
is slow, becaise the fundamentas of the techndogy and new
market charaderistics are till inadequately understood During
this phase, the companies experiment with different forms of
techndogy and product fegures in order to get feedbad from the
market. [2]

The standardizaion and related openness increases the overall
market size and deaeases uncertainty. Companies can aso
differentiate their products by promoting an own de-fado
standard. Rival de-fadto standards can have a negative impad on
the success of the tedindogies developed in the formal
standardizaion process However, a trade-off between openness
and control exists: proprietary techndogies tend to deaease the
overal market size and the optimum solution lies in between
these extremes. [37]

An incumbent that has a large installed base and locked-in
customers can gain a competitive advantage by a controlled
migration strategy. The company can prevent badkward
compatibility from new entrants with its own legacy systems by
influencing the interface definitions of the standard and by
introdwcing an ealy new generation of equipment with the
advantage of backward compatibility. [37]

Evolution of compatibility and revolution of compelling
performance are distingushable, and their combinations are also
possble. There is a trade-off between these extremes, because
improved performance deaeases customer switching costs, while
in evolution existing customers can be better locked into the
suppier. An ided solution would be an improved system or
product that is also compatible with the existing install ed base of
the company. [37]

An important fador affeding techndogy evolution is the relative
advantage and added value over older tedndoges.
Experimentation then relates to the extent to which the product or
service can be experimented with a low threshold. Easy
experimentation posshilities of the end-users enhance the
techndogy diffusion. [15], [34]

In a virtua network of techndoges that share a common
platform, complementarities influence the value of individua
pats of the sysem. The complementarities between
interdependent techndogies can have both negative and positive
effeds on the successof the techndogy evolution. [37]

The variation phase is closed when the market seleds a dominant
design. Typicdly the new techndogy and the related standards do
not become the dominant design in their initial form, and the
dominant design is not based on the lealing edge of the
techndogy. The dominant design does not embody the most
advanced feaures, but a combination of the feaures that best
med the requirements of the ealy mgority of the market. The
dominant design tends to command the majority of the market
until the next techndogicd discontinuity. Companies now gain a
degoer understanding of the techndogy, and its performance
improvement starts to acceerate. [2]

Digital Object Identifier: 10.4108/ICST.WICON2008.4812
http://dx.doi.org/10.4108/ICST.WICON2008.4812

A dominant design emerges out of the competition between the
dternative techndogicd evolution paths driven by companies,
dli ance groups and governmental regulators, eat of them with
their own goals [47]. Espedally regulation has a significant
impad on the successof new techndogies. Regulation defines the
general boundhries of the business whil e standardizaion provides
a filtering impad which reduces the uncertainty by increasing
predictability [24].

The abowe literature review forms a basis to construct the
following framework for the purposes of this study. The fadors
affeding techndogy evolution are caegorized to the dimensions
described in Table 1 based onthe literature.

Table 1. Resear ch framework

Dimension M eaning

Openness The extent of new techndogies
avall able for al playersinthe
industry

Competence change The extent of required new
competences

The extent of rediredion of
existing customer to new services

Existing market leverage

Added value The relative advantage over older

techndogies

The threshold of end-usersto
experiment with new services

Experimentation

Complementary
techndogies

The interdependence between
complementary techndogies

Regulation Theinfluence of regulation

System architedure
evolution

The extent of required new
network infrastructure

Incumbent role The product strategy of existing

players

2.2 Mobile Peer-to-Peer Communications

Both terms “mobile” and “pea-to-pee” are used ambiguously.
We refer by mobile communicaions to the domain of battery-
powered small-scde communicaions devices, eg. cdlular
phores, with a wireless conredion to a network. Adapting one
definition [43], we define pea-to-peg systems to have “mainly
decantrali zed self-organization and resource usage”. Symmetrica
functionality as clients and servers instead of centralized
coordination of clients by serversis charaderistic of P2P systems.

[36] studied the effed of MP2P on business models of mobhile
device vendas and mobile operators by condwcting group
interviews using a propasitiona framework. MP2P brings new
feaures to devices and low-cost or free services to different
communities. The techndogicd uncertainty of MP2P is low: the
techndogies are established but there is no standardized approach
to them; the market uncetainty is high: MP2P solutions are
fragmented. Operators exped MP2P to cannibalize text messaging
services to some extent and lea to service quality problems. Due
to locd usage and low volumes, the creaion of profitable service
concepts is difficult. MP2P is not disruptive for device vendars,



but operators may experience disruption if MP2P leals to a
paradigm change. Finally, operators exped MP2P to increase the
bargaining power of customers.

[18] studied MP2P service usage by doing a scenario planning
analysis based on a literature study and a questionraire study.
They developed threedistinct scenarios diff erentiating on firewall
and flat rate dimensions: open, restricted and operator-controll ed
MP2P. According to their andysis, MP2P will not have a
significant effed on mobile indwstry structure. MP2P will be
taken into use gradudly to as “an aternative techndogy to
implement certain mobile services'.

Acoording to our understanding, mobile P2P communicdions is
currently in the variation phase of techndogy evolution described
by [2]. The variation phase is charaderized by a competition of
several dternative techndoges. We discuss three posshle
techndogies for mobile P2P communicaions: P2PSP, P2P-IMS
and Skype. We have chosen the techndogies becaise they
represent distinctively the different evolution paths we have
identified. Other candidates for mobile P2P communicaion
techndoges include, for example, the Jinge extension to the
Extensible Messging and Presence Protocol (XMPP) [49] which
we do nat discussin detail .

221 P2PSP

Session Initiation Protocol (SIP) [35] is the current Internet
standard for implementing communicaions services. Different
cdl, instant messaging and presence services can be implemented
with SIP. [38]

The ongdng P2PSP standardization effort dore by the Internet
Engineging Task Force (IETF) aims to provide a pea-to-pea
dternative for the client-server SIP. P2PSP replaces the client-
server structure of SIP with a P2P overlay network. The overlay
provides a distributed mechanism for mapping names to network
locations, thus it replaces the locaion server function of the
origind SIP standard. The overlay also contains a transfer
function for transferring SIP messages between any two nodes in
the overlay.

The overlay consists of nodes cdled P2PSP peas which use SIP
to communicae and run colledively a distributed database
algorithm. The agorithm can be redized with a distributed hash
table (DHT); cf. [25] for a comparison of severa DHT
implementations.

Nodes cdled P2PSP clients can aso be part of the overlay if they
are acceted to the final version of the P2PSP standard. A client
is resporsible for a subset of the functions of a P2PSP pee. The
dedsion in assgning pea and client roles is based on avail able
resources, such as battery consumption, transmisson speed and
storage capadty, or service operator palicy.

Both peeas and clients need a protocol to form the overlay. An
applicaion-layer binary protocol P2PP [4] is a strong candidate
but other aternatives exist. In P2PP, SIP-based applications
deployed with the overlay use a separate P2P protocol layer to
accessthe transfer layer protocols.

The overlay also enables network addresstrandation (NAT) and
firewall traversal, and interadion with non-P2P 3P entiti es related
to for example interconnedion to client-server SIP or to Public
Switched Telephore Network (PSTN). These capabiliti es can be
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implemented as additional functionalities in peas or as pees
dedicated to certain capabiliti es.

[27] studied the applicability of P2PSP in the mobil e domain and
implemented a working prototype of a mobile P2PSP VolP
service The prototype relies on centralized elements for NAT and
firewall traversal. These relay servers are implemented as P2PSP
clients but they can also be integrated with pees. The use of
standard NAT traversal mechanisms can completely eliminate the
nead for NAT relays. Mobile phores are P2PSP clients in the
prototype, but it is aso posshle to implement the P2PSP
functionality solely within pees to which mobile phores conred
by using conventional SIP signaling.

Several both open-source and commercial implementations of
P2P9P are available [5]. The implementations are based on
different IETF standard drafts.

2.2.2 P2P-IMS

IP Multimedia Subsystem (IMS) is a framework architecure
being standardized by the 3rd Generation Partnership Projed
(3GPP). IMS aims at the convergence of fixed and mobil e Internet
Protocol (IP) based networks and services. [23] introduce an
extended P2P service layer to IMS. The layer enables the
integration of P2P services with IMS. IMS is expeded to be a
framework for deploying services in converged IP networks
corsisting of different wired and wireless access networks.
Currently operators are planning to use IMS mainly as a part of a
service delivery platform which could be extended to include
P2P-based services [13], [33]. IMS provides “service integration,
exealtion, and control” and concentrates on “charging,
acourting, quality of service mobility, and interoperability
acaoss different administrative domains’ [23]. However, current
IMS products arealy have some interoperability issues[13], [33)].

IMS consists of four layers: access layer, sesson control layer,
service layer and applicéion layer. The access layer masks the
complexity of heterogeneous accessnetworks to upper layers. The
sesson control layer consists of SIP servers and proxies which
control and manage sessons. Service layer provides the suppat
functions for running services. Application layer consists of the
adud applicaions accessng the service layer to provide services
to users. [6] has more extensive description of IMS. [45] contains
the detail ed technicd spedfications of IMS.

[23] built a prototype of a service layer providing P2P functions
to P2P-IMS applications. It consists of comporents handling core
P2P functiondlity: overlay network management, group
management, presence and authenticaion, authorizaion, and
acourting (AAA); and comporents accessd direaly by P2P
applicaions: exeaution, pulish and seach, resource sharing,
group poicy management, charging, and digital rights
management (DRM).

Other viewpoints to combining the IMS and P2P domains are
avail able. Some of the standard IM S functionaliti es of the sesson
cortrol layer can be implemented using P2P overlays [22], [26].
Modificaions of protocols used in IMS can be used to control
P2P traffic [11]. We do not discussthese aspeds in detail .

2.2.3 Skype

Skype is an overlay pea-to-pee network which provides several
communicaions services, such as cdls, instant messging and
presence Unlike P2PSP, Skype is a proprietary architedure



which is not defined pulblicly. [3] analyzed the functionality of
Skype by studying the network traffic generated by it. The Skype
network consists of two types of nodes: ordinary hosts and
supernodes. Any host may be promoted to supernode status if it
has enough resources to contribute to the overlay. Also,
centralized nodes cdled login servers exist in the network. A host
joining the network must conred to a supernode and register
itself at alogin server.

Each nocde builds a locdly stored list of reahable supernodes.
User names and passwvords are stored at the login servers, but user
information and seach queries are stored distributed in the Skype
network. The traffic in the network is encrypted. A cdl is
established using a chalenge-response mechanism. If NATs and
firewalls are on the traffic path, the messages are routed via
additional nodes as nealed for traversal.

[19] experimented using Skype in pubic Wideband Code
Division Multiple Access (WCDMA) networks and concluded
that WCDMA is sufficient for Skype cdls. Fring [14] provides
free mobile Skype cdls via its own servers. Iskoot [21]
interconreds existing mobile networks and the Skype network.
The operator 3 Mobil e offers a Skype mobil e phore [39]. Skypeis
adso avalable to Playstation Portable, Nokia Internet Tablet,
Windows Mobile, and some phores operating in wireless locd
area networks (WLANS) [40]. Recently Skype released a beta
version of a mobhil e thin client which interconneds certain mobile
phores to the Skype network for afee[41].

3. CASE ANALYSIS

In this sedion we apply the reseach framework to the three
different evolution paths of mobile P2P communications:
Internet-driven, telecom-driven and proprietary evolution paths.
Our analysisis based on aliterature study referenced in Sedions 2
and 3, and discussons with subjed experts.

3.1 Internet-driven evolution path

The Internet-driven evolution path is charaderized by openness
and freedom of most current Internet techndoges. P2PIP
represents this evolution path.

3.1.1 Opemess

P2PSIP is an open standard which any stakeholder may utili ze
fredy. However, the utilizaion requires extensive technicd
knowledge and posshle co-operation with other stakeholders.
Basicdly the development of P2PSP applicaions is possble on
open mobile development platforms such as Java and Symbian,
but extensive deployment of the applicaions requires co-
operation with mobile operators and device vendas. Either
P2PSP bemmes an integrated feaure of high-end mobil e devices
or operators market it as a value-added service Integrated feaures
suit well to communications in unrestricted networks such as
WLANS; whereas operator services are most convenient within
operator networks.

Because P2PSP is being openly standardized in the |IETF, the
probability for intellecdua property disputes is low. Companies
can develop proprietary extensions to the P2PSP standard. Their
successwill depend on the market power of the company and the
usefulnessof the extension. However, historicdly |ETF standards
have remained in relatively open use, and no grounds exist for
P2P3SP being an exception.
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3.1.2 Competene change

For mobile device vendas, P2PSP is a competence-enhancing
techndogy. Many advanced mobile devices arealy suppat
client-server SIP [29], therefore P2PSP fits into the techndogy
continuum of most devicevendars.

For mobile network vendars, P2PSP is a competence-enhancing
techndogy. Network vendars have been concentrating their R& D
efforts in |P-based data transfer networks. P2PSP can crede
demand for increased mobil e data transfer cgpadty and ad as an
incentive for further development of |P-based mobil e networks.

For incumbent mobile operators, P2PSP is a competence
destroying techndogy. Most operators base their business model
on circuit-switched voice P2PSP has potentia to shift mobile
operators towards the businessmodel of Internet service providers
which offer data transfer cgpadty to afixed price

3.1.3 Existing market leverage

P2PSIP can take advantage of the customer bases of client-server
SIP and PSIN services by providing compatibility to them.
However, most client-server SIP users are within corporate
networks and the administrators of them are nat willi ng to deploy
P2P9P in most cases due to sunken investments and techndogy
risks. The users of proprietary P2P communicéaions services such
as Skype can be willi ng to adopt an interoperable service based on
P2P 9P when it beaomes techndogicdly mature.

3.1.4 Addedvalue

The most significant added value of P2PSP is cost efficiency.
Flat-rate mobile data pricing enables users to make cdls withou
additional monetary cost within a P2PSP network. The cost of
sharing resources such as network capadty and battery power is
the true cost of using P2PSP. However, recent results on MP2P
battery consumption are optimistic [31].

3.1.5 Expeimertation

The experimentation feasibility of P2PSP depends on the
implementation of the service If the service is implemented by
operators or device vendars and integrated with their current
service framework or devices, the barriers for experimentation are
significantly lower than if the service is implemented as a third-
party appli cation which the user has to download and install .

P2P9P services are restricted by the requirements pased by the
relevant standards. The standards will define a minimum level of
functionality which can be complemented with other fedures.
Interoperability retention is esential for P2PSP not to reduce
into aproprietary service

3.1.6 Complemertary techndogies

P2PSIP is not a significant threa to established mobile
communications services before mobil e networks optimized for IP
traffic become commonpace Worldwide Interoperability for
Microwave Access (WiMAX) and Long Term Evolution (LTE)
are good candidates for these networks. Although current High
Speed Padket Access(HSPA) networks provide gooddata transfer
cgoabiliti es, it is not reasonable for operators to endarse the use of
P2P services taking into acourt the technicd limitations pased
by the networks.



3.1.7 Reguation

The extent of operator control over their networks is an important
determinant for the successof MP2P communicaions services. At
the moment in Finland, one major mobile operator disalows the
use of P2P applicationsin their terms of service[10], and ancther
prohibits the “excesgve” use of P2P applicaions [8]. The true
applicability and validity of these clauses remains to be seen.

Emergency dialing [38] and legal interception [1] can be required
for P2PSP services. The probability for these requirements
depends on the extent a P2PSP service aspires to replacecurrent
PSTN services. The redizaion of these requirements is
transparent as P2PSP is an open standard.

3.1.8 Systemarchitedure evdution

P2PSIP is an architedure evolution from client-server SIP.
However, implementing client-server SIP is nat required for the
implementation of P2PSP. Theoreticdly, a minima P2PSP
deployment only requires a sufficient data transfer network.
P2PSP can generate a lot of data traffic and can thus require
updetes to existing mohile data transfer networks. In addition,
pradgicd deployments can require dedicaed peas for
bodstrapping, gateway and traversal functions. In both cases,
deployment cost is significantly lower compared to client-server
SIP which requires dedicaed servers aso for the basic
conredivity functions of the network.

3.1.9 Incumbertrole

Mobile device vendas have been keen to add new feaures to
devices as they are able to colled better sales premiums from
advanced devices with a large set of feaures. P2PSP could be
included in the fedure set. They will face presaure from
incumbent mobil e operators not to advocae P2PSP becaise it is
a threa to established business models. However, at least in
operator-independent sales, device vendars shoud have sufficient
incentivesto encourage P2PSP use.

Mobile network vendas will both gain and lose if P2PSP
bemmes an established techndogy. The need for mobile data
transfer infrastructure would likely increase, whereas the need for
server infrastructure would deaease. However, it is unlikely that
mobile devices could solely handle the burden of maintaining a
large-scde P2PSP network. Therefore, the need for servers
would not be eliminated in P2PSP networks. All in al, network
vendars are probably neutral towards P2PSP.

From the viewpoint of a mobil e operator, the increased P2P traffic
can impose challenges, as has been evident in fixed networks
[17]. Furthermore, mobil e networks are limited on more technica
aspeds than fixed networks, such as cgpadty. The operator has to
establish a balance between increased revenue from mobile data
usage, incressed cost from network investments and revenue
losses from deaeased circuit-switched voice usage. In genera,
operators have noincentives to encourage P2PSP use.

3.2 Telecom-Driven Evolution Path
Teleom-driven evolution is charaderized by the control of
incumbent operators over P2P communicaions services. P2P-
IM S represents this evolution path.
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3.2.1 Opemess

IMS is being openly standardized but its development and
deployment are controlled by mgjor mobil e network vendars and
mobil e operators. Potential competitors have littl e posshiliti es to
affed its development. IMS is seen as a continuum to the “walled
garden” development in the telecmmunicaions domain: IMSisa
closed system which maximizes operator’s control over its users.

Although IMS is being developed to enable interoperability
between different systems of operators and vendas, they have
incentives to reserve parts of their systems closed to hinder
competition. IMS aso has potentia to generate intellecual
property disputes among vendass, similar to thase with current
mobil e techndogies.

3.2.2 Competene change

For mobile device vendas, IMS is a competence-enhancing
techndogy. The cgpability to hande client-server SIP has been
built-in with many advanced mobil e devices [29]. This cgpability
sugeests the device is ready to handle most IMS-based services.
Implementing P2P services on IMS may raise requirements for
devices but follows a clea incremental improvement path as P2P
is added as an additiona functionality to the IMS service layer.
Based on these fads, established mobile device vendas are
already cegpable of developing P2P-IMS-enabled devices if
sufficient incentives exist.

For mobile network vendars, IMS is a competence-enhancing
techndogy. IMS provides a controlled incremental improvement
path to existing mobil e network techndogies. IMS is an incentive
for vendars to develop novel network solutions with improved
interoperability to other networks while maintaining posshiliti es
for product differentiation.

For incumbent mobile operators, IMS is a competence-enhancing
techndogy. Operators can crede controlled “walled garden”
environments with IMS where they control service provision and
charging as with current mobile communications services. They
may even be able to throttle P2P traffic with IMS if IMS-based
P2P solutions beamme commonpace Furthermore, operators can
apply revenue-enhancing pricing models aso to P2P services if
P2P-IMS gains popuarity.

3.2.3 Existing marke leveage

Incumbent mobil e operators can use their existing customer base
as a significant leverage when deploying P2P-IMS services. The
established customer base has potential for a controlled migration
strategy to P2P-IMS instead of other P2P communicaions
services. If the controlled migration strategy is implemented
successully and combined with a fixed-term bunding strategy of
devices and services, a strong possbhility for a lock-in situation
exists.

3.24 Addedvalue

P2P-IMS claims to bring incressed usability and reliability
compared to existing P2P communications services. IMS enables
the tight integration of services with operator infrastructure which
in some cases may lea to those benefits. However, opporents of
IMS are claiming it cannat deliver its promises due to technicd
complexity and implementation cost [48]. Furthermore, whether
end-users are willi ng to pay a premium for the benefits of IMSis



highly uncertain as historicd failures, such as the Wireless
Application Protocol (WAP), demonstrate.

3.25 Expeaimertation

Users will have low barriers to experiment P2P-IMS services if
they are implemented properly in the IMS-based service délivery
framework of the operator. Users can use P2P-IMS based
communication seamlesdy if it is tightly integrated with the
client-server SIP-based communicaion. Under some conditions,
IMS can utilize P2P-based communicaion withou user's
knowledge.

The customization of P2P-IMS-based services is possble in the
constraints of relevant standards and  interoperability
requirements. As most P2P-IMS services are to be deployed by
operators, their customizaion is limited by stagnant processs:
commonly operators service deployments result in a one-fits-all
solution with afixed set of fegures.

3.2.6 Complemertary techndogies

P2P-IMS is bound to the success of both advanced |P-based
transfer networks and service delivery platforms. Incumbent
operators must adopt both before an IMS cortrol layer and P2P-
IM S-based services can be deployed.

3.2.7 Requlation

Regulators are probable to see P2P-IMS services as replacements
to PSIN, therefore subeding P2P-IMS to regulatory
requirements such as emergency cdling and lega interception.
Operators can possbly reduce the extent of regulatory
requirements by deploying P2P-IMS services via a third-party
serviceoperator.

3.2.8 Systemarchitedure evdution

P2P-IMS is an architedure evolution from IMS: P2P-IMS adds
additional comporents to the service layer of IMS. P2P-IMS is
aso amoduar architedure: its functionaliti es can be implemented
when reguired. However, the requirement of implementing IMS
makes P2P-IMS an architedure revolution for most operators
becaise IMS requires significant changes to existing networks,
even if the operator has an up-to-date data transfer network.

3.29 Incumbertrole

Mobile device and network vendars generally benefit from P2P-
IMS as it credes demand for advanced mobile devices and
networks. Because P2P-IMS shifts more control to operators in
service provisioning, some vendas may hesitate its endarsement
and even concentrate their efforts on Internet-driven techndogies
such as P2PSP. However, most vendas are likely to take a
neutral stance towards P2P-IMS and continue its suppat among
other techndogies.

Mobile operators whose strategy is based on preserving the
existing value networks based on circuit-switched voice are likely
to endarse P2P-IMS if other P2P communicaions services gain a
sufficient market share to threden their established positions.
Operators may also be inclined to use P2P-IMS as a means to
control P2P traffic in genera and to proted their established
revenue streams from their own communications services.
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3.3 Proprietary evolution path

Proprietary evolution path is charaderized by proprietary
solutions promoting themselves as de-fado standards. Skype
represents this evolution path.

3.3.1 Opemess

Skype is a closed techndogy which is controlled by Skype
Tedhndogies SA. Skype has complete control over its users,
services and partners. Initialy Skype was only providing freecdls
but now it is colleding revenue by offering value-added services
such as interconredion to PSTN and product bundes. Some
third-parties are offering undficial mobile Skype services, but
Skype can hinder their operation by modifying the Skype service
or resorting to intellecual property rights.

3.3.2 Competene change

For mobile device vendas, Skype is enhancing ther
competences: it ads as an incentive for R&D efforts on more
advanced mobil e devices. Skype also ads as an enabler for mobile
software platforms: it can motivate users to switch to the more
advanced platforms.

For mobile network vendas, Skype is enhancing ther
competences similar to P2PSP: it creaes demand for |1P-based
mobile data transfer networks and incentives for their
development. Skype may adso creae demand for solutions
throttling P2P traffic in mobil e networks [30].

For incumbent mobil e operators, Skype is competence-destroying:
as a proprietary P2P techndogy, it does nat fit into their R&D
framework as they canna control it. Some operators may choose
to co-operate with Skype but it will not be a mainstream strategy
due to the cash-cow stature of circuit-switched voice

3.3.3 Existingmarket leveage

Skype has an extensive existing customer base in the fixed
domain which it can use as leverage in the mobile domain. By
providing seanless conredivity between fixed and mobile users,
Skype can indwce its existing fixed users to adopt its mobile
services. Skype has also managed to establish a partial lock-in
situation: its users may facesignificant switching costs in terms of
conredivity and interconredion cost if they switch from Skype to
another P2P communicaions service

3.3.4 Addedvalue

Skype’'s main added value compared to previous techndogies is
its low cost to the end-user. By applying the P2P paradigm to
communications, Skype has circumvented the cost of servers and
is able to provide its basic service for free However, Skype is
strondy dependent on device and network resources, such as
battery power and data transfer cgpadty. Consumption of them is
acost to the user.

3.3.5 Expeaimentation

Skype and other proprietary services commonly require
installation of an applicaion to access them, unless the
application has been bunded with the access device This can
raise the experimentation barrier significantly unless sufficient
incentives are provided to install the applicéion.

Proprietary services can be customized when needed. The only
constrain for customization is the installed applicaion base: in



some cases, interoperability to older versions of the application
has to be maintained.

3.3.6 Complemertary techndogies

As with P2PS P, mobile Skype benefits from the diffusion of 1P-
based mobile network techndogies. Mohile Skype aso benefits
strondy from the diffusion of advanced mobile devices as it is
strondy dependent on device cgpabiliti es.

3.3.7 Reqgulation

Skype cannat be considered a substitute for PSTN services but it
may dter the probability of seleding particular markets to ex ante
regulation [16]. Skype could ad as a patential competitor limiting
incumbent operators' price control. However, espedally mobile
operators could limit the effed of Skype by establishing “walled
garden” environments where Skype is either blocked or
controll ed.

A regulator [12] has determined that the Skype service is almost
completely out of its jurisdiction. All requirements related to
offering public telephore services, such as the regquirement to
offer emergency cdls, are not valid in Skype's case. However,
Skype is resporsible for providing legal interception. If it is dore
obscurely, Skype could jeopardizeits reputation.

3.3.8 Systemarchitecure evdution

Skype does nat diredly affed architedure evolution: it does not
require any fundamental changes to data network infrastructure.
Skype increases data transfer volume and can thus require updates
to network cgpadty.

3.3.9 Incumbertrole
Mobile device vendars have shown interest to collaborate with
Skype [28], but the collaboration efforts remain limited. Some

device vendas may be unwilling to bunde a mobile Skype
application with their devices due to operator oppgsition or
general doult against proprietary techndogies which are not their
own. All in all, device vendars are likely to be neutral towards
Skype.

Mobile network vendars are probably neutral towards Skype: for
them, Skype ads as a source of additional traffic for mobil e data
networks and therefore potentialy increases cgpadty demand.
Skype may also crede need for controlling P2P traffic in mobile
networks by solutions which network vendars can develop [30].
Skype could affed server sales negatively, but the significance of
the effed is probably small.

Operators do not regard Skype as an immediate threa due to their
current competitive advantages, such as coverage and stability
[32]. Instead of rapid embracement, operators are more likely to
introduce Skype-like services gradudly. According to our
understanding, most incumbent operators will remain hostile
towards proprietary services which are not their own and are a
threa towards their establi shed services, including Skype.

3.4 Summary

Table 2 summarizes our discusson on the threepossble evolution
paths. The Internet-driven path benefits from its opennessbut is
charaderized by operator resistance The telecom-driven path is
the only one endased by operators; even though it is
revolutionary to them. It also enjoys significant market leverage
and low experimentation barriers, but faces probable regulatory
requirements. The proprietary path has the least incumbent
endarsement, the highest level of customizability and is the most
dependent on device capabiliti es.

Table 2. Case analysis summary

Internet-driven Telecom-driven Proprietary

Openness Open “Walled garden” Closed

Competence Devicevendass: competence- Devicevendass: competence- Devicevendas: competence-

change enhancing, network vendars: enhancing, network vendas: enhancing, network vendass:
competence-enhancing, operators: competence-enhancing, operators: competence-enhancing, operators:
competence-destroying competence-enhancing competence-destroying

Existing market Intermediate Significent Depends on existing customer base

leverage

Added value Cost efficiency Usability and reli ability Cost efficiency

Experimentation

Varying barriers and high

Low barriers and intermediate

Intermediate barriers and very high

customizability customizability customizability
Complementary | P-based networks I P-based networks and service |P-based networks and advanced
techndogies delivery platforms devices
Regulation Possble: blocking by operator, Probable: emergency dialing, legal Possble: blocking by operator,
emergency diaing, legal interception interception legal interception
System Evolution from client-server systems Revolution from legacgy systems Independent evolution; cgpadty
architedure updetes posshble
evolution

Incumbent role

Devicevendars: positive, network
vendars: neutral, operators: negative

Devicevendars: neutral, network
vendars: neutral, operators: positive

Devicevendars: neutral, network
vendas: neutral, operators:
negative
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4. CONCLUSIONS

We built a techndogy evolution analysis framework for a singe
case study of mobile pea-to-pee communications. We identified
three different evolution paths for MP2P communicaions:
Internet-driven, telecom-driven and proprietary. We used P2PSP,
P2P-IM S and Skype respedively to represent the evolution paths.

P2PSP is not a probable replacement for client-server SIP in the
nea future due to its technicd immaturity, but it can serve as an
aternative to existing networks in situations where lower costs are
desired, for instance in consumer roaming, ad-hoc networks in
conferences and similar gatherings, and in private communicaion
networks a homes or in small offices. P2PSP can ad as a
replacement to existing networks when they are not avail able, for
instance during disaster or overload situations.

The possble implicaions of IMS have been discussed widely, but
most of the discussons have not redized into adions. IMS can be
a foundition for operator-controlled services if its key promises
are fulfill ed. However, the inherent complexity of IMS, operators
inflexibility in service deployment and customers avoidance of
additional cost are significant limits to the adoption of IMS-based
P2P services.

Skype and other proprietary solutions have the potential to fulfill
most of the promises of P2P communicaions, espedaly cost
efficiency, withou the delays in standardizaion and service
integration to operators systems. However, interoperability issies
and operators' resistancelimit their adoption significantly.

Managing the three evolution paths is a challenge: they al are at
very ealy stages and their future development is unclea.
Managers can use our reseach framework to evaluate the three
pathsin resped to their own strategies.

Proprietary services are the first wave of mobile P2P
communications services. Whether the second wave is open and
Internet-driven, or “walled garden” and telecom-driven, remains
to be seen. Internet-driven techndogies are easier to deploy than
telecom-driven solutions, but operators resistance slows down
the wide-scde deployment of Internet-driven techndogies.

We propacse the evolution of mobile client-server voice over IP
(VolP) services as a significant determinant for the evolution of
MP2P communications services. If VolP has a late entry to the
mass market, also the development of MP2P communicaions
services will be delayed. If VolP is provisioned in the Internet
using SIP, P2PSP is a strong candidate for a dominant MP2P
communicaions techndogy. If SIP is not used, proprietary
services are likely to form small niche clusters for different user
bases. In the case VolP provisioning in an operator-controll ed
network, P2P-IMS has good prospeds if operators choose to
deploy MP2P communications. Some operators can choose to
allow the deployment of P2PSP services having interconnedivity
based on SIP to P2P-IMS services leaving little room for
proprietary services.

Future research could include the verificaion of our results by
conducting a survey among subjed experts. The evaluation of the
three techndogy paths could be formalized by building
quantitative models for instance using the system dynamics [44]
or the techno-emnamics [20] method Also, a comparative case
study of P2P techndogies to client-server based techndogies
could render interesting results.
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