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I!

Abstract!
Internet! Telephony! (VoIP)! is! changing! the! telecommunication! industry.! Oftentimes! free,! VoIP! is! becoming!

more!and!more!popular!amongst!users.!Large!software!companies!have!entered!the!market!and!heavily!in8

vest!into!it.!In!2011,!for!instance,!Microsoft!bought!Skype!for!8.5bn!USD.!This!trend!increasingly!impacts!the!

incumbent!telecommunication!operators.!They!see!their!main!source!of!revenue!–!classic!telephony!–!under!

siege!and!disappear.!!

The!thesis!at!hand!develops!a!most8likely!scenario!in!order!to!determine!how!VoIP!is!evolving!further!and!it!

predicts,!based!on!a!ten8year!forecast,!the!impact!it!will!have!on!the!players!in!the!telecommunication!indus8

try.!

The!paper!presents!a!model!combining!Rogers’!diffusion!and!Christensen’s! innovation!research.!The!model!

has!the!goal!of!explaining!the!past!evolution!of!VoIP!and!to!isolate!the!factors!that!determine!the!further!dif8

fusion! of! the! innovation.! Interviews! with! industry! experts! serve! to! assess! how! the! identified! factors! are!

evolving.!!

Two!propositions!are!offered.!First,!VoIP!operators!are!becoming!more!important!in!international,!corporate,!

and!mobile!telephony.!End8to8end!VoIP!(IP2IP)!will!exhibit!strong!growth!rates!and! increasingly!cannibalize!

the!telephony!revenues!of!the!classic!operators.!Second,!fix8net!telephony!in!SMEs!and!at!home!will!continue!

to!be!dominated!by!the!incumbents.!Yet,!as!prices!for!telephony!fall!towards!zero!also!they!will! implement!

IP2IP!in!order!to!save!costs.!!

By!2022,!up!to!90%!of!the!calls!will!be!IP2IP.!The!author!recommends!the!incumbents!and!VoIP!operators!to!

proactively!face!the!change,!to!rethink!their!business!strategies,!and!to!even!be!open!for!cooperation.!
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1. Introductory*Section!
1.1. Problem!Analysis!!

“Within'10'years,'there'will'not'be'much'left'other'than'Voice'over'IP.”'1'
Dorgham!Sisalem!(2004)2!!

!
Since!Alexander!Graham!Bell!patented!the!telephone!in!1876!much!has!changed!in!the!telecommunication!

industry.!Constant!advances!in!technology!have!increased!the!reliability!and!quality!of!today’s!telecommuni<

cation! channels,! and! allowed! for! innovations! such! as! the!mobile! phone! or! the! internet.! (Huss! &! Kollrich,!

2011;!Shiratori!&!Atiquzzaman,!2004)!

This!progress!has!brought!multifaceted!consequences.!First,!our! society!has!been! transformed! into!an!“in<

formation!society”!that!demands!efficient!and!unimpeded!access!to!information!sources,!and!that!therefore!

strongly!relies!on!telecommunication!services!(OFCOM,!2010).!The!internet!usage!reflects!this!change.!Over!

the!last!twenty!years,!the!medium!has!become!an!essential!part!of!almost!everyone’s!life.!Today,!the!trans<

formation!process!in!continued!by!mobile!internet!that!daily!attracts!more!users!and!renders!the!access!to!

information!omnipresent!for!our!society!(BFS,!2011;!BITKOM,!2010;!Rao,!Angelov,!&!Nov,!2006).!!

Secondly,!the!advances! in!technology!also!caused!traditionally!distinct!media,!such!as!television,!telephony!

or!internet!to!move!closer!together!and!the!boundaries!between!them!to!blur!or!even!to!vanish!(Bonnekoh,!

2006).!In!accordance!with!Schumpeter’s!(1943)!theory!of!innovation!and!creative!destruction,!such!techno<

logical!approximation!induces!change!in!the!industry.!On!the!one!hand!it!enables!novel!business!opportuni<

ties!to!arise;!on!the!other!hand!new!solutions!threat!established!value!chains!and!sometimes!even!endanger!

incumbent!companies!in!their!mere!existence.!(Nyström!&!Hacklin,!2005;!Rao,!Angelov,!&!Nov,!2006;!Wirtz,!

2001)!

One!innovation!that!exemplifies!this!convergence!and!which!in!the!last!ten!years!has!been!discussed!exten<

sively!in!both!literature!and!corporate!boardrooms!is!Voice!over!IP!(VoIP)!(Nyström!&!Hacklin,!2005;!Shiratori!

&!Atiquzzaman,!2004).!The!inner!workings!of!VoIP!fundamentally!differ!from!traditional!telephony.!The!latter!

establishes!a!direct!connection!between!the!communication!partners! through!the!strictly!hierarchically!or<

ganized!telephone!network.!Once!the!route!has!been!established! it! is!exclusively!reserved!for! this!call!and!

cannot!be!used!for!other!services!(e.g.!the!transmission!of!calls!of!other!people).!The!terminology!refers!to!

this!kind!of!connection!as!“circuit!switching”.!VoIP,!in!contrast,!uses!“packet!switching”.!The!voice!signals!on!

either!caller’s!side!are!digitised!and!split!into!data!packets!that!then!are!transmitted!over!the!internet!to!the!

conversation!partner,!where!they!are!aggregated!once!again!and!converted!to!sound!signals.!The!route!the!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!Own! translation! from!German.!Original:! “In! spätestens!10! Jahren!wird!es!praktisch!nichts! anderes!mehr! geben! [als!
VoIP]”!(Hilmar,!2004,!p.!162).!
2!Dr.!Dorgham!Sisalem!worked!as!a!researcher!and!head!of!department!at!the!Fraunhofer!Institute!for!Open!Communi<
cation!Systems!and!is!now!Director!of!Strategic!Architecture!at!Tekelec,!a!NASDAQ<listed!telecommunication<equipment!
manufacturing!company.!!
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data!packets!take!to!arrive!at!their!destination!is!not!pre<defined!and!can!vary!for!every!single!packet.!(Hen<

sel!&!Wirsam,!2008;!Lyytinen!&!Rose,!2003)!

The!difference!in!their!technical!nature!is!responsible!for!a!set!of!virtues!that!VoIP!exhibits!over!traditional!

telephony,!for!instance!cost!advantages.!On!the!consumer!side,!VoIP!allows!users!to!terminate!the!contract!

for!the!telephone!subscriber!line,!as!it! is!substituted!by!the!internet!access.!Furthermore,!VoIP!significantly!

lowers!infrastructure!and!maintenance!costs,!as!a!separate!infrastructure!for!telephone!services!besides!the!

internet!infrastructure!can!be!eliminated.!Finally,!many!VoIP!operators!offer!free!calls!between!their!clients,!

for!which!the!costs!per!call!are!reduced!(Franke,!Hannemann,!Kietzmann,!&!Lehmkuhl,!2005;!NAIRSC,!2004;!

US!FCC,!2010).!On!the!operator!side,!VoIP!allows!for!an!almost!infinite!number!of!concurrent!calls,!while!the!

capacity! of! the! traditional! telephone!network! is! fairly! limited.!VoIP!operators! therefore! can! allocate!over<

head!costs!to!more!customers!and!hence!enjoy!a!clear!cost!advantage.!Moreover,!VoIP!is!more!flexible!than!

traditional!telephony!that!requires!large!investments!if!additional!functional!services!are!to!be!offered,!while!

VoIP! services! often! only! need! a! software! enhancement! for! delivering! the! same! benefits.! (!Dol,! 2010;!

Bonnekoh,!2006;!Henkel,!2009;!Jackson,!Shorter,!&!Forcht,!2009)!

It!hardly!surprises!that!when!market!penetration!of!VoIP!slowly!gained!traction!there!was!a!wide!consensus!

amongst!both!practitioners!and!researchers!that!the!technology!had!large!potential!to!bring!about!change!to!

the! telecommunication! industry! (NAIRSC,! 2004;!Oliver!Wyman,! 2004;! Rao,! Angelov,!&!Nov,! 2006;!Winkel<

hage,! 2005).!Michael! Powell,! Head! of! the! US! Federal! Communications! Commission! (US! FCC)! at! that! time!

summoned!a!“VoIP!Revolution”!(Kapustka,!2004)!and!some!experts!even!considered!incumbent!telecommu<

nication!operators!as!an!endangered!species!that!would!soon!be!replaced!by!VoIP!operators! (Franke,!Han<

nemann,!Kietzmann,!&!Lehmkuhl,!2005;!Winkelhage,!2005).!The!opening!quotation!of!this!paper!accentuates!

this!notion.!!

In!short,!the!established!telecommunication!operators!were!expected!to!struggle!with!the!new!competition.!

In!2004,!market!research!suggested!an!annual!decrease!in!revenues!of!6<9%!for!European!landline!operators!

over!the!next!years!(Henkel,!2009).!The!sombre!forecast!seemed!reasonable,!indeed,!as!VoIP!was!growing!at!

a!breath<taking!speed.!Founded!in!2002,!the!revenue!of!US<based!VoIP!provider!Skype,!for!instance,!already!

exceeded!7m!USD!in!2004!and!hovered!around!60m!USD!in!2005!(Thor,!2011).!

Only!four!years! later,!however,!the!initial!euphoria!about!VoIP!had!vanished.!The!anticipated!“VoIP!revolu<

tion”!had!not!taken!place!and!the!large!and!incumbent!telecommunication!providers!were!still!the!strongest!

operators!in!the!market.!Furthermore,!between!June!2005!and!October!2007,!as!many!as!256!VoIP!start<ups!

shut!their!doors,!destroying!billions!of!shareholder!value!(Bell,!2008;!myVoipProvider,!2009).!Jonathan!Chris<

tensen,!general!manager!for!audio!and!video!at!Skype,!summarized!the!situations!as!follows!(Dinan,!2008):!

'“VoIP'is'dead!”'
! ! Jonathan!Christensen!(2008)!
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1.2. Goal!

It!is!the!objective!of!the!paper!at!hand!to!examine!the!phenomenon!Voice!over!IP!more!closely!and!to!shed!

light!on!its!potential!to!penetrate!and!to!bring!about!change!to!the!telecommunication!industry.!The!reader!

on!the!one!hand!is!offered!an!analysis!of!the!status!quo!and!how!telecommunications!and!VoIP!in!particular!

have!evolved!to!present.!On!the!other!hand,!the!factors!behind!the!diffusion!of!VoIP!are!studied!and!a!most<

likely!scenario!is!derived!how!VoIP!will!evolve!in!the!future.!Based!on!this!outlook,!conclusions!for!traditional!

telecommunication!operators!and!software!companies!are!drawn.!

In!short,!the!following!main!research!questions!shall!be!answered!in!this!thesis:!

(1) How!has!VoIP!impacted!the!telecommunication!industry!to!date?!

(2) What!is!the!potential!of!VoIP!2.0!/!IP2IP!to!substitute!traditional!telephony?!

a. What!are!the!drivers!of!IP2IP!diffusion?!

b. What!is!the!most!likely<scenario!of!how!IP2IP!will!develop?!

c. What!are!the!consequences!of!this!evolution!for!incumbent!telecommunication!operators?!

d. What!is!the!future!role!of!software!companies!due!to!this!evolution?!

As!a!subset!of!these!questions,!also!the!following!ones!shall!be!addressed:!

(1) How!has!the!telecommunication!industry!evolved!to!date?!

(2) What!are!PSTN,!VoIP!and!IP2IP!and!what!is!the!difference!between!them?!

(3) Why!do!certain!authors!consider!VoIP!to!be!dead?!

(4) What!are!strategies!for!telecommunication!operators!to!react!to!the!diffusion!of!VoIP!and!IP2IP?!

(5) What!are!critical!considerations!for!software!companies!entering!the!telecommunication!market?!

(6) What!are!research!gaps!that!could!be!eliminated!in!the!future?!

1.3. Research!Design!

This!thesis!follows!a!qualitative!and!inductive!approach.!It!is!inductive,!as!the!goal!of!the!thesis!is!not!to!test!

an!existing!hypothesis!or!reject!a!certain!theory,!but!rather!to!find!answers!to!the!research!questions!formu<

lated!above.!Thus,!the!aim!is!to!develop!rather!than!to!test!a!theory,!and!the!hypotheses!are!the!output!of!

this!exploratory!process!(Flick,!2009;!Schmid,!2010).!!

The! research!process! is! a! qualitative!one,! as! it! is! the!objective!of! the! thesis! to!holistically! understand! the!

phenomenon!VoIP!in!its!totality!and!context!by!means!of!qualitative!data,!rather!than!explaining!a!selective!

number!of!relationships!with!a!limited!number!of!quantitative!variables!(Mintzberg,!1979;!Schmid,!2010).!As!

Punch!(2005,!p.!56)!puts! it,!qualitative!data!is!“empirical! information!about!the!world,!not! in!form!of!num<

bers”,!enabling!qualitative!research!to!closely!capture!real<life!phenomena.!Thus,!the!chosen!qualitative!re<
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search!approach!allows!for!an!in<depth,!fine<grained!and!nuanced!understanding!of!the!topic!(Langley,!1999;!

Mayring,!2002;!Punch,!2005;!Yin,!2009).!!

Primarily,! this! thesis!builds!on! literature!on!the!topic,! including!books,!articles! in! journals!and!newspapers,!

business!reports!and!electronic!documents.!Given!the!fast!rate!of!change!to!which!the!topic!VoIP!is!subject<

ed,! close!attention!has!been!paid! to!mainly! rely!on! recent! sources.!As! it! is! inevitable! that! the!outcome!of!

qualitative!research!is!subjectively!influenced!to!a!certain!degree!by!the!researcher!(c.f.!Punch,!2005,!p.!58)!

the!conclusions!drawn!are!verified!by!interviews!with!industry!experts.!Although!this!may!not!alleviate!sub<

jectivity!entirely,!it!still!helps!to!mitigate!the!problem.!!

As! is!shown! in!Figure!1,! this!paper!has!been!divided! into! four!sections.! In! the! introductory!section,! the!re<

search!goal!and!questions!are!stated,!which!provides!the!rough!content!outline!for!this!paper.!Furthermore,!

the!research!approach!is!presented,!essential!definitions!are!provided!and!the!scope!of!this!investigation!is!

defined.!!

In!chapters!2.1!and!2.2,!the!theoretical!frameworks!are!introduced!upon!which!this!thesis!is!built.!In!chapter!

2.1,!light!is!shed!on!the!scenario!technique!that!is!used!in!chapters!3.4<3.6!to!develop!a!most<likely!scenario!

of! how! IP2IP! telecommunication! will! evolve.! Chapter! 2.2! is! concerned! with! Everett! M.! Rogers’! Diffusion!

Model!(1962,!2003)!and!the!link!of!it!to!Clayton!M.!Christensen’s!S<Curves!(1992a,!1992b).!Also,!the!line!be<

tween!the!terms!“innovation”,!“idea”!and!“invention”!is!drawn.!!

The!contextual!background!of!this!thesis!is!provided!by!chapters!2.3!thru!2.6.!First,!the!main!events!since!the!

invention!of!the!telephone!until!2004!in!the!area!of!fix!and!mobile!telephony!and!the!internet!are!summa<
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rized.!Then,!the!first!wave!of!VoIP!(VoIP!1.0)! is!examined!more!closely.!On!the!one!hand,!the!technological!

aspects! by!which! VoIP! differs! from! traditional! telephony! are! presented! (chapter! 2.4).! On! the! other! hand,!

chapters!2.5!and!2.6!study!the!impact!VoIP!1.0!has!had!on!the!telecommunication!industry!up!to!the!present!

day!and!the!degree!to!which!it!has!released!its!attributed!revolutionary!potential.!!

Chapter!2.7!takes!a!leap!forward!and!seeks,!with!the!lessons!learnt!from!the!past,!to!contour!the!future!of!

VoIP!(VoIP!2.0/IP2IP)!and!to!isolate!the!factors!that!determine!for!diffusion!of!IP2IP!telecommunication.!Fi<

nally,!chapter!2.8!summarizes!the!findings!of!the!general!theoretical!section.!!

It!is!the!goal!of!the!specific!empirical!section!to!develop!a!most<likely!scenario!of!how!IP2IP!telecommunica<

tion!will!diffuse!(chapter!3.6).!Therefore,!the!drivers!behind!the!diffusion!process!identified!in!chapter!2.7!are!

examined!more!closely!(chapters!3.4!and!3.5).!The!findings!in!these!two!chapters!are!substantiated!through!

interviews!with!industry!experts,!which!shall!help!–!as!has!been!stated!above!–!to!increase!the!objectivity!of!

this!paper.!The!goal,!methodology!and!limits!of!the!empirical!approach!are!expounded!in!chapters!3.1!thru!

3.3.!!

The!concluding!section! identifies!how!the!developed!most<likely!scenario!of! IP2IP!diffusion!will!affect! tele<

communication!operators!and!software!companies.!Plus,!recommendations!are!given!how!these!companies!

may!deal!with!the!anticipated!future!(chapter!4.1).!Ultimately,!chapter!4.2!highlights!areas!for!possible!future!

research.!

1.4. Definitions!

The!terms!“PSTN”,!“VoIP”,!“IP2IP”,!“Diffusion”!and!“Innovation”!are!essential!parts!of!this!thesis,!and!in!liter<

ature!numerous!definitions!of!them!exist.!A!disambiguation!therefore!is!indispensable,!which!will!be!done!in!

greater!depth!in!the!general!theoretical!section.!Other!terms!that!require!explanation!and!serve!as!a!base!for!

the!understanding!of!this!paper!are!defined!below.!!

Telecommunications:! The! exchange! of! information! over! distance! by! electronic! means! (c.f.! TechTarget,!

2007).!!

Network:!The!arrangement!by!which! the! telecommunication!services!are! transmitted!between!the!partici<

pants!(e.g.!internet;!telephone!network).!

Telecommunication,Provider:!A!company!operating!parts!of!the!telecommunications!network.!In!this!thesis,!

with!telecommunication!provider/operator/carrier!the!company!is!meant!that!interconnects!the!end<user!to!

the!network.!!

Incumbent, Telecommunication, Provider:! The! “incumbents”! are! the! classic! telecommunication! providers!

such! as! Deutsche! Telekom!or! AT&T! that! for! long! time! in! history!were! state<owned!monopolists.! In!many!

countries!still!today!they!control!large!shares!of!the!market.!Often!they!are!referred!to!as!“Incumbent!Local!
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Exchange!Carriers”! (ILECs).!Since!many!markets!have!been! liberalized,! they!now! increasingly! face!competi<

tion!from!the!“Competitive!Local!Exchange!Carriers”!(CLECs).!(ITWissen,!2012)!

Telephone:!The!device!that!people!use!to!make!phone!calls.!

Telephony:,The!technology!that!allows!people!to!make!phone!calls!(Unuth,!n.d.).!

Telephony,User:!The!human!being!that!uses!the!telephony!device.!Synonyms:!Consumer;!Customer.!

Telephony,Client:!The!technical!solution!that!enables!the!consumer!to!use!the!telephony!service.!This!may!

either!be!a!hardware!device!such!as!a!classic!telephone,!or!a!software!solution.!

1.5. Delimitation!of!research!area!

The!thesis!at!hand!aims!to!provide!a!general!understanding!of!what!VoIP! is,!how!it!evolved!to!date,!and! it!

seeks!to!develop!a!most<likely!scenario!of!how!its!on<going!development!will!impact!the!telecommunication!

industry!going!forward.!With!this!objective!the!paper!targets!managers!as!its!audience.!For!a!more!technical!

discussion!of! the! topic,! the! reader! is! relegated! to! the! contributions!of! other! authors,! such! as!Camarillo!&!

García<Martín! (2008),! Shatzkamer! &! Wierenga! (2011),! Sauter! (2009,! 2011),! or,! for! a! study! of! the! legal!

frameworks!surrounding!VoIP!to!Bonnekoh!(2007),!Cannon,!2005),!Henkel!(2009),!Landgrebe!(2006),!Meisel!

&!Levin!(2003),!Meisel!&!Needles!(2005),!or!Nieminen!(2004).!!

The!data!processed!for!building!the!most<likely!scenario! in!chapters!3.4!thru!3.6!has!mainly!been!retrieved!

from!sources! that!are! linked! to!Germany!and!Switzerland.!Thus,!although!the!conclusions!drawn! from!this!

thesis!may!also!be!valid!for!other!geographical!regions,!the!effective!development!may!also!considerably!dif<

fer! outside! of! these! two! countries.! Furthermore,! the!most<likely! scenario! is! developed! for! the! year! 2022,!

which!translates!to!a!ten<year!forecast.!Given!the!large!ambiguity!to!the!factors!behind!the!diffusion!of!VoIP,!

however,!the!diffusion!may!also!occur!faster!or!slower!than!anticipated.!!
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2. General"Theoretical"Section!
2.1. Introduction!into!Scenario!Technique!

It! is! the!goal!of! the!general! theoretical!section!to!provide!the!theoretic!and!contextual!background!for!the!

development! of! the!most<likely! scenario! in! the! specific! empirical! section.! A! scenario! is! an! internally! con<

sistent!view!of!how!the!world!will!look!in!the!future!based!on!a!range!of!assumptions!(Chermack,!2011;!Por<

ter,!1985).! In!other!words,! the!development!of! scenarios!helps! to!anticipate! the! future! industry! landscape!

and!to!estimate!how!a!multitude!of!factors!with!undetermined!statuses!will!impact!it.!Scenario!technique!is!a!

structured!method!for!reducing!complexity!with!the!purpose!of!reaching!a!more!comprehensive!system!un<

derstanding.!It!acknowledges!the!uncertainty!inherent!in!every!forecast!by!breaking!down!the!total!ambigui<

ty!to!sub<issues!that!are!more!assessable!in!order!to!arrive!at!a!more!communicable,!tangible!and!substanti<

ated!overall!projection.!(Grienitz!&!Schmidt,!2010;!Odenthal!&!Hess,!2008;!Wolf,!Zerres,!&!Zerres,!2010)!

According!to!Odenthal!&!Hess!(2008,!p.!105ff),!the!clear!definition!of!the!parameters,!i.e.!the!industry,!time!

horizon!and!geographical!scope,!is!a!prerequisite!for!the!development!of!any!scenario.!Furthermore,!scenari<

os!should!always!fulfil!three!criteria:!!

(1) Likelihood:!The!events!should!have!the!potential!to!become!reality.!

(2) Coherence:!The!events!should!logically!fit!each!other.!

(3) Uniqueness:!Each!scenario!should!be!different!from!the!others.!

Conway!(2003)!argues!that!two!extreme!scenarios!set!the!boundaries!of!all!scenarios!that!have!a!somewhat!

reasonable!chance!to!occur.!Beyond!these!extreme!scenarios,!the!criteria!likelihood!is!not!fulfilled!anymore!

(cf.!Wolf,! Zerres,!&! Zerres,! 2010).! The! “Plausible! Range”! forms! the! set! of! scenarios! that! have! an! even! in<
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Figure,2:,The,Scenario,Funnel.,,

Source:,Own,illustration,,adopted,from,Conway,(2003),,Geschka,&,Hammer,(1990),and,Haag,&,Scharf,(2004). 
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creased!probability!to!materialize,!as!is!depicted!in!Figure!2.!Of!all!the!scenarios,!the!one!that!has!the!highest!

likelihood!to!prevail!is!commonly!referred!to!as!the!“Most<likely!Scenario”!(Odenthal!&!Hess,!ibid.).!

Various! authors! have! suggested! the! following! three! steps! to! generate! sophisticated! scenarios,! a! process!

which!is!illustrated!in!Figure!3.!With!the!set!parameters!in!mind!(i.e.!industry,!geographical!scope,!and!time!

range),!in!the!first!step!factors!that!are!likely!to!have!a!future!impact!are!identified!both!within!the!company!

and!its!surroundings.!These!factors!then!are!positioned!on!an!impact<uncertainty!matrix.!(Gausemeier,!2004;!

Odenthal!&!Hess,!2008)!

In!order!to!prevent!a!loss!of!focus,!the!entirety!of!factors!is!narrowed!down!to!the!most!relevant!ones,! i.e.!

those!with!a!large!impact!on!the!future.!These!factors,!the!so<called!“Scenario!Drivers”,!can!be!divided!into!

two! categories;! the! certain!ones!on! the!one!hand,! and! the!uncertain!ones!on! the!other!hand.! They!differ!

from!each!other!in!the!sense!that!the!certain!scenario!drivers!affect!every!scenario!in!the!same,!predictable!

and!almost!certain!way,!while!there!is!ambiguity!to!uncertain!scenario!drivers.!Therefore,!in!a!second!step,!

uncertain! factors! require! a! separate! and!more! thorough! examination! in!which! the! range!of! their! possible!

states!is!determined.!

In!the!third!and!final!step,!the!certain!and!uncertain!factors!are!aggregated!to!scenarios.!The!scenarios!differ!

from!each!other!as!a!result!of!the!differences!in!the!underlying!assumptions!made!during!the!assessments!of!

the!uncertain!factors.!The!“Most<likely!Scenario”! is!the!one!that! is!formed!by!sum!of!all!uncertain!scenario!

drivers! in!their!most! likely!state!and!the!high<impact!certain!scenario!drivers.! (Finke!&!Siebe,!2001;!Gause<

meier,!2004;!Odenthal!&!Hess,!2008)!!
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An!example!shall!concretize!this!introduction!to!the!scenario!technique.!Assume!the!development!of!attrac<

tiveness!of!the!steel!industry!in!Switzerland!in!1983!over!five!years!was!to!be!assessed.!In!this!case,!the!gen<

eral! requirement! is!met! that! the! industry,! time! horizon! and! geographical! scope! should! be! clearly! defined!

when!elaborating!scenarios!(c.f.!Odenthal!&!Hess,!2008).!

Plenty!of! factors!exist! to!determine! the!attractiveness!of! such! industry,! and! certainly! a!PESTLE!analysis!or!

Porter’s! Five<Forces!model! could! help! to! identify!many! of! them! (Allen,! 2001;! Porter,! 1995).! These! factors!

would!then!be!placed!on!the!impact<uncertainty!matrix.!For!the!example!at!hand!the!number!of!factors!that!

have!been!identified!has!been!limited!to!four!–!one!example!for!each!quadrant!of!the!matrix!(see!Figure!4).!!

The!default!of!a!competitor!would!have!an!effect!on!the!overall!profitability!of!the!steel!industry!and!hence!

its!attractiveness.!But!because!the!company!in!question!is!only!a!small!player,!the!effect!would!probably!be!

negligible.!Furthermore,!for!an!external!observer!it!is!difficult!to!assess!the!likeliness!of!this!event!ex<ante,!as!

the!necessary!data!is!not!publicly!available.!Given!the!low!impact!and!high!uncertainty!of!this!event,!it!classi<

fies!for!the!top!left!quadrant!of!the!impact<uncertainty!matrix.!

Strict! environmental! laws! usually! impose! severe! constraints! on! steel! companies! and! therefore! lower! the!

market!attractiveness.!In!Switzerland,!the!proposal!of!introducing!a!law!to!protect!the!environment!was!first!

discussed!in!parliament!in!1965.!However,!it!took!until!1983!–!a!total!of!18!years!–!until!the!law!was!finally!

coming! into!effect! (BAFU,!1988).!By! then,!most! companies!had!already!adopted!a!much!more! responsible!

behaviour,!for!which!they!were!not!affected!by!the!new!regulation.!The!example!illustrates!an!event!that!at!

first!glance!seems!to!have!an!impact!on!the!attractiveness!of!the!industry,!but!has!to!be!classified!as!irrele<

vant!due!to!its!low!impact!given!the!contextual!situation.!
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Figure,4:,Example,of,ImpactZUncertainty,Matrix.,

Source:,Own,illustration,,adopted,from,Odenthal,&,Hess,(2008).,
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Because!of!the!little!impact!certain!factors!have!–!such!as!the!ones!presented!above!–!they!are!disregarded!

when!elaborating!the!projections!of!the!future!market!attractiveness;!in!contrast!to!high<impact!factors.!

For!instance,!if!another!new!law!recently!had!passed!in!parliament!that!would!tighten!the!capital!regulations!

for!industry!companies!the!situation!would!be!different!than!with!the!environmental!law!discussed!above3.!

Assume!that!once!effective!the!new!law!would!require!steel!companies!to!hold!a!significantly!larger!portion!

of!equity!on!their!books!than!in!the!past.!Higher!capital!requirements!directly!lower!the!return!on!equity!and!

therefore!have!a!strong!and!direct! impact!on!the!industry!attractiveness.!First,!as!the!impact!is!substantial,!

this!factor!qualifies!as!“Scenario!Driver”!for!which!it!should!be!considered!when!building!the!scenarios.!Sec<

ondly,!as!the!law!has!already!been!approved!in!parliament!and!it! is!only!a!matter!of!time!until! it!will!come!

into!effect,!there!is!no!ambiguity!about!how!the!factor!will!affect!the!future.!Due!to!this!definitiveness,!the!

new! law!qualifies!as!“Certain!Scenario!Driver”,!and!every!scenario!should!account! for! its! impact.!To!better!

disclose!the!certain!scenario!drivers!that!are!considered!in!the!scenario!generation!process,!it!makes!sense!to!

depict!them!in!a!list,!as!is!illustrated!in!Figure!5.!

Finally,!an!example!of!an!“Uncertain!Scenario!Driver”,!a!high<impact!factor!with!a!somewhat!uncertain!out<

come!shall!complete!this!introduction!to!scenario!technique.!!

Competitors!entering!the!market!can!cause!an!oversupply!of!steel,!the!fall!of!prices,!or!a!battle!for!clients.!All!

these!events!have!a!large!impact!on!the!industry!attractiveness!(Porter,!1995).!However,!whether!competi<

tors!will!enter!the!market!or!not! is!uncertain!and!assumptions!must!be!made.!The!range!of!assumptions! is!

limited!by!the!most!extreme!states!that!are!reasonable!(c.f.!Figure!6).!In!the!next!step,!the!value!of!this!range!

is!chosen!that!corresponds!to!the!type!of!scenario!one!is!trying!to!evaluate.!For!instance,!if!an!optimistic!sce<

nario! is! to! be! built,! a!more! optimistic! value!within! the! identified! boundaries! of! possible! states! is! chosen.!

Thus,!identifying!the!range!of!possible!outcomes!and!selecting!a!value!on!this!range!according!to!the!scenario!

type!one!is!trying!to!build!helps!to!state!and!quantify!the!assumptions!behind!the!overall!scenario.!!

The! entirety! of! certain! scenario! drivers! and! uncertain! scenario! drivers! in! their! state! corresponding! to! the!

scenario!one!is!trying!to!build!(e.g.!optimistic)!are!aggregated!to!the!overall!scenario.!As!every!overall!scenar<

io!relies!on!different!values!of!the!ranges!of!the!uncertain!scenario!drivers,!each!overall!scenario!fulfils!the!

criteria!of!being!“unique”!(cf.!Odenthal!&!Hess,!2008).!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3!This!example!is!purely!fictional!and!has!the!sole!purpose!of!serving!as!an!illustration!of!the!scenario!technique.!

Certain Driver Certain End-Point 

Law on Capital Requirements At Least 50% Equity Required 

Driver X Description of End-Point 

Driver … Description of End-Point 

Figure,5:,Example,of,Certain,Scenario,Driver,Analysis.,

Source:,Own,illustration,,adopted,from,Odenthal,&,Hess,(2008).,
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2.2. Diffusion!of!Innovations!and!SDCurve!Model!

In! abstract! terms! the! paper! at! hand! is! an! analysis! of! the! diffusion! potential! of! an! innovation.! Therefore,!

hereafter!a!second!theoretical!concept!is!introduced!that!takes!a!closer!look!at!the!diffusion!process!of!inno<

vations!and!the!factors!determining!the!speed!by!which!innovations!substitute!one!another.!!

2.2.1. Innovation!

In!the!academic!discussion!a!generally!accepted!definition!of!the!term!“Innovation”!is!missing,!and!often!it!is!

confused!with!other!concepts!that!are!similar!yet!different,!i.e.!“idea”,!“creativity”!or!“invention”.!Following!

Levitt! (2002),! the! term! “creativity”! refers! to! the! ability! of! the!mind! to! produce! unconventional,! new! and!

great! ideas.! The! “idea”!hence! is! an!outcome!of! “creativity”,! a! purely! abstract! product! only! existing! in! the!

mind!of!a!person.!The!term!“invention”!reaches!further,!and!it!describes!an!event,!when!an!idea!is!converted!

to! a! real<life! object! (c.f.! Roberts,! 2007;!Amidon,! 1998).! But!what! is! “Innovation”?! The! following!quotes!of!

well<respected! authors! of! the! economic! sphere! shall! help! to! explain! the! difference! between! this! and! the!

aforementioned!terms:!!

Joseph!Schumpeter! (1912):! Innovation%defined%as% ideas%applied%successfully% in%practice,% for% instance% the% inK

troduction%of% new%goods,% new%methods% of% production,% the% opening%of% new%markets,% the% conquest% of%

new%sources%of%supply,%etc.!(Schumpeter,!1912,!as!cited!in!Howlett,!2010,!p.!3).!

Victor!A.!Thompson!(1965):%Innovation%is%the%generation,%acceptance%and%implementation%of%new%ideas,%proK

cesses,%products%or%services%in%an%applied%setting!(Thompson,!1965,!as!cited!in!Jenny,!2006).!!

Peter!F.!Drucker!(1986):![Innovation%is]%change%that%creates%a%new%dimension%of%performance!(Drucker,!1986,!

p.!276,!as!cited!in!Keuber,!Schomann,!&!Zimmermann,!2010,!p.!259).!

Michael!E.!Porter!(1990):! Innovation%is%a%new%way%of%doing%things%that%is%commercialized.%It% is%turning%ideas%

into%cash!(Porter,!1990,!as!cited!in!Van!Latesteijn!&!Andeweg,!2011,!p.!5).!

Uncertain Driver End-point Alternatives 

Optimistic Scenario 

New Competitors 
None  

Status quo 
Many 

9-10 new ones 

Driver Y 
Extreme 

e.g. 0 
Other Extreme 

e.g. 1000 

Driver … 
Extreme  

e.g. 1 year 
Other Extreme 

e.g. 3 years 

Figure,6:,Example,of,Uncertain,Scenario,Driver,Analysis.,

Source:,Own,illustration,,adopted,from,Odenthal,&,Hess,(2008).,
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Innovation%is%the%generation,%acceptance%and%implementation%of%ideas,%processes,%products%

or%services%in%an%applied%setting%in%a%way%that%is%perceived%as%new%by%a%unit%of%adoption.%%

Jose!Campos!(n.d.,!ca.!1999):!Innovation%is%the%ability%to%deliver%new%value%to%a%customer!(Campos,!as!cited!in!

Bobiatynski,!Gehrmann,!&!Krause,!2005,!p.!53).!

Theodore!Levitt!(2002):!Creativity%is%thinking%up%new%things.%Innovation%is%doing%new%things!(Levitt,!2002,!as!

cited!in!Hindle,!2008,!p.!263).!

Everett!M.!Rogers!(2003):!Innovation%is%an%idea,%practice,%or%object%perceived%as%new%by%an%individual%or%other%

unit%of%adoption!(Rogers,!2003,!p.!36).!

Edward!B.!Roberts! (2007):!The% invention%process%covers%all%efforts%aimed%at%creating%new%ideas%and%getting%

them%to%work!(Roberts,!2007,!p.!36).!

Most!of! the! cited!definitions! share! the!understanding! that! a! core! aspect!of! “Innovations”! is! that! they! are!

more! than! just! put! into! practice,! i.e.! that! they! are! commercialized! or! deployed! in! an! internal! setting! (c.f.!

Campos,!as!cited!in!Bobiatynski!et!al.,!2005;!Porter!as!cited!in!Van!Latesteijn!&!Andeweg,!2011;!Schumpeter!

as!cited!in!Howlett,!2010;!Thompson!as!cited!in!Jenny,!2006).!Roberts!(2007,!p.!36)!summarizes!this!notion!

precisely:!“Innovation%=%Invention%+%Exploitation”.%!

Etymologically,!at!the!radical!of!the!word!“Innovation”!the!Latin!word!“novum”!is!found,!which!can!be!trans<

lated!into!“newness”!or!“renewal”,!another!important!facet!of!innovations,(Jenny,!2006,!p.!7).!Hübner!(2002,!

p.!10)!distinguishes!between!objective!and!subjective!newness.!Objective%newness!describes!the!emergence!

of!an!innovation!that!is!new!to!the!world,!which!therefore!can!happen!just!once!for!a!given!innovation.!SubK

jective%newness,!in!contrast,!considers!an!innovation!as!new!as!long!as!it!is!perceived!as!such!by!the!unit!of!

adoption.!Thus,!following!the!latter!definition,!innovation!can!happen!more!than!once.!

In!adoption!of!the!definitions!above!and!oriented!at!the!concept!of!subjective!newness,!the!term!“Innova<

tion”!shall!be!defined!as!follows!for!the!subsequent!use!in!this!paper:!

The!scientific!contributions!of!the!recent!years!to!the!topic!innovation!management!have!resulted!in!rich!dis<

cussions,!pointing!out!various!aspects!of! innovations!and!proposing!many!ways!of!how!to!categorize!them!

(Carayannis!&!Wetter,!2004;!Schöberl,!2008).!!

Foster!(1986),!for!instance,!studied!the!relationship!between!incumbent!firms!and!emerging!innovations!and!

he!found!that!often!companies!entrench!themselves!and!fail!to!see!the!end!of!an!innovation!life!cycle.!As!a!

result,! in! his! view,! companies! building! on! newer! innovations! often! replace! incumbent! firms.! Christensen!

(1992a;! 1992b)! refuted! this! absolute! notion! of! “attacker’s! advantage”,! yet! he! adopted! and! refined! the! S<

Curve!Model!Foster!had!introduced!and!he,!together!with!Bower,!suggested!a!distinction!into!sustaining!and!

disruptive!technologies! (Christensen!&!Bower,!1995).!Later,!Christensen!(2006,!p.!43)!argued!that!using!the!

term!technology!in!this!context!was!misleading,!because!it!is!not!the!technology!of!an!innovation!per!se!that!
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A%business%model%describes%the%rationale%of%how%an%organization%creates,%delivers%and%captures%value.!

is!disruptive,!but!the!impact! it!has!on!the!business!model!of!the!incumbent!firms.!In!this!context,!the!term!

“business!model”!shall!be!understood!as!follows!(Osterwalder!&!Pigneur,!2010,!p.!14):!

Therefore,!Christensen!refined!his!earlier!distinction!into!sustaining%(SI)!and!disruptive!innovation%(DI).%While!

SI!enhance!the!business!models!of!the!incumbent!firms!by!giving!customers!something!more!or!better!in!the!

attributes!they!already!value,!DI!result!in!a!very!different!value!proposition!and!challenge!the!existing!busi<

ness!models! (Christensen,! 2006;! Christensen! &! Bower,! 1995).! Often,! a! DI! initially! underperforms! existing!

products! of! the! mainstream! market,! for! which! it! is! financially! unattractive! the! leading! incumbent! firms.!

However,!over!time,!subsequent!developments!raise!the!performance!of!the!DI!above!the!level!of!the!exist<

ing!products.!As!a!result,!the!DI!becomes!satisfactory!for!mainstream!customers!and!begins!to!challenge!ex<

isting!business!models.!(Schöberl,!2008)!

In!literature!the!SI/DI!concept!is!certainly!amongst!the!most!debated!categorizations!for!innovations.!Other!

classifications!that!received!similar!levels!of!attention!include!the!categorizations!radical%vs.%incremental,!pull%

vs.%push,!and!product%vs.%process.!However,!due!to!the!limitation!to!the!extent!of!this!paper,!these!concepts!

cannot!be!analysed!in!more!depth!at!this!point,!and!reader!is!relegated!to!the!fruitful!contributions!on!the!

subject! of! other! authors! (c.f.! Griffin,! 2011;! Robert,! 1998;! Stummer,! Günther! &! Köck,! 2010;! Vahs! &! Bur<

mester,!2002).!!

2.2.2. Diffusion!

Numerous!authors!have!contributed! to!diffusion! research!and!a!multitude!of!definitions!of! the! term!exist.!

Adopting!the!innovation!definition!from!the!previous!chapter,!“Diffusion”!can!roughly!be!understood!as!the!

process!by!which!an! innovation!becomes!spread!and!adopted!more!widely! in!an!applied!setting!(cf.!Brock<

hoff,!1999;!Rogers,!2003;!Königstorfer,!2008;!Oxford!Dictionaries,!2010).!

Basic!sources!that!strongly!influenced!the!field!of!diffusion!research!are!the!Theory!of!Reasoned!Action!(TRA;!

c.f.!Fishbein!&!Ajzen,!1975;!1980),!the!Theory!of!Planned!Behaviour!(TPB;!cf.!Ajzen,!1985;!Ajzen!&!Madden,!

1986)!and!the!Theory!of!Diffusion!of!Innovations!(Rogers,!1962;!2003).!!

TRA,! and! its! extended! concept,! TPB,! aim! to! describe! “virtually! any! human! behaviour”! (Fishbein! &! Ajzen,!

1980,!p.!4),!including!the!adaption!of!innovations.!In!other!words,!TRA/TPB!seek!to!explain!diffusion!by!rais<

ing!the!question!“How!does!an!individual!choose!whether!to!adapt!an!innovation?”!Thus,!these!theories!ana<

lyse!how!the!characteristics!of!an!individual!and!his!or!her!surroundings!influence!him!or!her!to!follow!a!cer<

tain!behavioural!pattern!(Königstorfer,!2008).!TRA/TPB!strongly!influenced!much!of!the!later!Anglo<American!

acceptance! and! adoption! research,! such! as! the! Technology!Acceptance!Model! (TAM;! cf.! Davis,! 1986),! the!

TAM2!(cf.!Venkatesh!&!Davis,!2000),!the!Motivational!Model!(Davis,!Bagozzi!&!Warshaw,!1992),!the!Diffusion!

Process!Model! (Gatignon!&!Robertson,!1985),!or! the!Unified!Theory!of!Acceptance!and!Use!of!Technology!
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Diffusion% is% the% process% by% which% an% innovation% is% communicated% through% certain% channels% over% time%

among%the%members%of%a%social%system.%

(cf.! Venkatesh,!Morris;! Davis! &! Davis,! 2003).! In! the! Anglo<American! research! the! TAM! today! is! the!most!

widely!used!model!for!explaining!the!acceptance!of!technologies.!(Königstorfer,!2008;!Rivera!Green,!2005)!

Rogers’!diffusion!theory!is!often!used!to!explain!the!accumulated!adoption!of!an!innovation!in!a!society!over!

time.!As!Rogers’! analyses! the! adoption!process! on! a! society<level,! the! characteristics! of! the! individual! are!

much!less!important!compared!to!the!theories!that!are!rooted!in!the!TRA/TPB!model,!which!primarily!ana<

lyse!the!adoption!process!of!a!single!individual.!Rogers!seeks!to!explain!diffusion!mainly,!but!not!exclusively,!

by!the!characteristics!of!an!innovation.!(Königstorfer,!2008)!

It!is!the!objective!of!this!paper!to!analyse!the!potential!and!limits!of!the!voice!over!IP!technology!for!which!

the!unit!of!adoption!is!the!society.!Given!this!focus,!this!paper!draws!on!the!diffusion!model!of!Rogers!in!or<

der!to!explain!the!diffusion!process,!rather!than!on!other!conventional!models!that!focus!more!on!the!indi<

vidual!rather!than!the!society!as!a!whole.!!

Rogers!(2003,!p.!11)!defines!the!term!“Diffusion”!as!follows,!which!shall!serve!as!the!basis!for!this!paper:!

Figure!7!summarizes!the!distinction!of!the!innovation<related!terms.!!

2.2.3. Rate!of!Adoption!

The!“Rate!of!Adoption”!is!the!“relative!speed!by!which!an!innovation!is!adopted!by!members!of!a!social!sys<

tem”.!Essentially,!it!determines!how!fast!a!diffusion!process!takes!place!(Rogers,!2003,!p.!221).!Rogers!identi<

fies!five!factors!that!influence!this!rate!of!adoption!(see!also!summary!in!Figure!8).!!

(I) Perceived,Attributes,of,Innovations!!

The!five!attributes!(1)!relative!advantage,!(2)!compatibility,!(3)!complexity,!(4)!trialability,!and!(5)!observabilK

ity!provide!a!standard!classification!scheme!to!describe!innovations!in!universal!terms.!Relative%advantage!is!

the!degree!to!which!an!innovation!supersedes!a!preceding!one!in!terms!of!economic!profitability,!social!pres<

tige,!or!other!specific!types!of!advantage!(Rogers,!ibid.!p.!229).!Compatibility!measures!the!degree!to!which!

an! innovation! is!consistent!with!the!needs!of!potential!adopters,!their!past!experiences!and!existing!values!

(Rogers,!ibid.,!p.!240).!Complexity!expresses!how!difficult!an!innovation!is!to!use!and!understand.!Trialability!

measures!the!extent!of!potential!adopters’!possibility!to!experiment!with!an!innovation!before!adopting! it,!

Activity Creativity 

Idea Result 

Research & 
Development 

Invention 

Implementation in 
Applied Setting 

Innovation 

Market  
Penetration 

Diffusion 

Figure,7:,Distinction,of,InnovationZRelated,Terms.,

Source:,Own,illustration,,adopted,from,Brockhoff,(1999,,p.,38).,
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and!Observability!defines!the!degree!to!which!a!potential!adopter!can!observe!others!adopting!an!innovation!

and! the! impact! it! has! on! them! (Rogers,! ibid.,! p.! 257ff).! The! higher! the! relative! advantage,! compatibility,!

trialability!and!observability!of!an!innovation,!and!the!smaller!its!complexity,!the!higher!the!rate!of!adoption!

generally!is.!In!his!research!Rogers!(ibid.,!p.!221)!found!that!up!to!89%!of!the!variance!in!the!rate!of!adoption!

of!innovations!is!explained!by!these!five!variables.!!

(II) Type,of,InnovationZDecision!!

It!can!be!the!individual,!the!society!or!an!authority!that!decides!whether!or!not!an!innovation!is!adopted.!An!

optional!decision!occurs!when!an! individual! independent!of! the!decisions!of!other!members! in! the!system!

decides!to!adopt!or!reject!an! innovation.!Although!the! individual! is! free! in! its!decision,! it!may!still!be! influ<

enced!by!community<level!factors.!Collective!decisions!are!made!by!the!consensus!among!the!members!of!a!

system.!Once! the! choice!whether! to!adopt!or! reject! an! innovation! is!made,!usually! all! units! in! the! system!

must!conform!to!the!decision.!Authority!decisions!are!made!by!relatively!few!individuals!who!possess!power,!

status!or!technical!expertise.! Individual!members!of!the!system!who!usually!only!have! limited! influence!on!

such!a!decision!simply!have!to!comply!with!and!implement!it.!Generally,!authority!decisions!yield!the!fastest!

rate!of!adoption.!(Rogers,!ibid.,!p.28ff)!

Variables Determining the 
Rate of Adoption 

'

Dependent Variable  
That Is Explained 

'
(I) Perceived Attributes of Innovations 

(1) Relative Advantage 
(2) Compatibility 
(3) Complexity 
(4) Trialability 
(5) Observability 

!
(II) Type of Innovation-Decision 

(1) Option 
(2) Collective 
(3) Authority 

(III) Communication Channels 
(e.g., mass media or interpersonal) 

(IV) Nature of Social System 
(e.g., its norms, degree of network 
interconnectedness, etc. ) 

(V) Extent of Change Agent’s 
 Promotion Efforts 

Rate of Adoption  
of Innovations 

Figure,8:,Variables,Determining,the,Rate,of,Adoption,of,Innovations.,,

Source:,Rogers,(2003,,p.,222).,
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(III) Communication,channels!!

According!to!Rogers,!diffusion!is!the!process!by!which!an!innovation!is!communicated!to!the!members!of!a!

social!system!(cf.!definition!above).!The!communication%channel! is!the!means!by!which!this!communication!

process!takes!place! in!order!to!convey!the! innovation!from!one! individual! to!another.!Rogers!distinguishes!

two!types!of!such!channels.!Mass%media%channels!that!involve!a!mass!medium!such!as!television!or!radio!are!

usually!the!most!rapid!and!efficient!means!to!inform!potential!adopters!about!the!existence!of!an!innovation.%

Interpersonal%channels,!such!as!face<to<face!communication,!by!contrast,!are!more!effective!in!persuading!an!

individual! to!accept!and!adopt!a!new!innovation.!Thus,! the!mixture!of!the!two!types!of!communication!di<

rectly!influences!the!rate!of!adoption!(Rogers,!ibid.,!p.18)!

(IV) Nature,of,the,Social,System,!

Rogers!(ibid.,!p.!37)!defines!a!social%system!as!“a!set!of!interrelated!units!that!are!engaged!in!joint!problem!

solving!to!accomplish!a!common!goal”.!The!units!within!such!social!system!share!an!understanding!of!values!

and!norms,!which!gives!the!system!structure,!stability!and!regularity.!An!innovation!that!conforms!with!the!

social! system!normally!has!a!higher!rate!of!adoption!than!an! innovation!that! is!conflicting!with! it.! (Rogers,!

ibid.!p.37f)!

(V) Change,Agent’s,Promotion,Efforts!!

Due!to!their!technical!competence,!social!accessibility,!and!conformity!to!the!systems’!norms,!some!individu<

als! in! a! social! system! earn! an! opinion! leadership.! This! allows! them! to! influence! others! in! their! decision!

whether!or!not!to!adopt!an!innovation.!Thus,!the!opinion!leaders’!attitude!towards!an!innovation!has!a!direct!

impact!on!the!rate!of!adoption!of!the!society!as!a!whole.!(Rogers,!ibid.!p.!26ff)!

2.2.4. Relation!between!Innovation!SDCurve!and!Rogers’!Diffusion!Model!

The!innovation!S<Curve!framework!suggests!that!the!magnitude!of!performance!improvement!resulting!from!

research!and!engineering!efforts!in!a!certain!period!of!time!differs!as!the!innovation!becomes!more!mature!

(Christensen,!1992a).!While!an!SI!enhances!existing!products!and!business!models,!a!DI!represents!a!new!S<

curve!that!underperforms!the!existing!products!in!the!markets!at!first,!but!because!of!this!changing!magni<

tude!of!performance!improvement!over!time,!outperforms!them!in!the!long!run.!Once!that!happens,!the!DI!

becomes!a!serious!threat!to!existing!business!models,!as!the!mainstream!market!starts!shifting!towards!the!

DI.!This!has!been!discussed!in!chapter!2.2.1.!!

How!fast!an!innovation!diffuses!is,!as!has!been!conceptualized!by!Rogers,!measured!by!the!rate!of!adoption!

of! innovations.!This! rate! is!determined!strongest!by! the!perceived!attributes!of!an! innovation! (c.f.! chapter!

2.2.2).! If! the!degree!by!which!an! innovation! is! superior! in! terms!of! relative!advantage,!compatibility,! com<

plexity,!trialability,!and!observability!is!considered!as!performance,!the!S<Curve!model!and!Rogers!Diffusion!

Model! relate! to!each!other!as! is!depicted! in! Figure!10.!The! larger! the!performance!differential!between!a!
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dominating! innovation!and!an!new,!outperforming!one! is,! the! larger! the! incentive! for!people! is! to! change!

and!the!faster!the!transition!process!will!take!place.!

Concluding!the!introduction!of!the!theoretic!frameworks!serving!as!the!basis!of!this!thesis,!Figure!9!presents!

how!they!will!be!applied!throughout!this!work.!

Figure,9:,Use,of,the,Introduced,Theoretical,Frameworks.,

Source:,Own,illustration.,Small,graphs,adopted,from,the,authors,indicated,in,the,respective,illustrations.,

S-Curve and Diffusion of Innovations 
This framework presents the general factors that determine the diffusion of 
an innovation and the rate by which they substitute each other.  
The framework finds its application in chapters 2.4 thru 2.6, where it helps 
to explain the diffusion of VoIP 1.0 and 2.0. H
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Scenario Technique 
In the specific empirical section the diffusion of IP2IP telecommunication is 
examined in more detail. 
The scenario technique helps to structure the process in which the drivers 
behind the diffusion of IP2IP telecommunication are analyzed.  D
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Figure,10:,The,Innovation,SZCurve,and,the,Rate,of,Adoption,Combined,–,The,SZCurve,Adoption,Model.,

Source:,Own,illustration,,adopted,from,Christensen,(1992a;,1992b;,2006),,Foster,(1986),,Hensel,&,Wirsam,(2008),,and,Rogers,
(1962;,2003).,
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2.3. The!History!of!Telecommunications!

Who'does'not'know'the'past'is'unable'to'understand'the'present'and,'even'less,'to'anticipate'the'future.'
(Alby,!2008)!

!
The!following!chapter!takes!the!reader!on!a!journey!through!the!evolution!of!telecommunications.!Highlight<

ing!the!most!important!innovations,!the!reader!is!offered!the!overall!context!and!tendencies!since!the!inven<

tion!of!the!telephone,!and!a!grasp!of!how!the!history!repeats!itself!in!the!realm!of!telecommunications.!

It!was!in!1833!when!Carl!Friedrich!Gauss!and!Wilhelm!Weber!discovered!how!to!transmit!electric!signals!over!

distance!by!using!a!twin!wire.!In!this!moment,!the!phenomenon!that!today!is!referred!to!as!telecommunica<

tions!was!born,!as!the!two!researchers!unknowingly!had!paved!the!way!for!the! later! invention!of!the!tele<

phone!(Bonnekoh,!2007).!The!first!to!transmit!sound!over!an!electrical!wire!was!Philipp!Reis!during!an!exper<

iment!conducted!in!1860.! In!1870!the!Italian<American!Antonio!Meucci!was!the!first!to!patent!a!telephone!

tentatively,!but!the!patent!voided!in!1871!after!Meucci’s!financial!problems!to!pay!for!it!(Königstorfer,!2008;!

Carroll,!2002).!Nine!years!later,!Alexander!Graham!Bell,!patented!the!telephone!two!hours!before!the!Elisha!

Gray,!who!also!had!invented!a!phone!(Gorman,!Mehalik,!Carlson,!&!Oblon,!1993).!To!this!day,!there!is!con<

troversy!over!who!the!true!innovator!of!the!telephone!is!(Badach,!2005).!!

While!in!the!United!States!the!stationary!(also!referred!to!as!“fix<net”)!telephony!expanded!rapidly,! in!Ger<

many!by!1962! the!degree!of!household!penetration!was! still! as! low!as!14%.!Only!by!1973! the!majority!of!

households!possessed!a!phone!(Rammert,!1994).!

Until! the! end! of! the! 1960ies! the! fixed! telephony! technology! was! only! altered! by! few! inventions4.! In! the!

1970ies,!the!introduction!of!the!push<button!phone!facilitated!the!use!of!the!telephone!device!and!speeded!

up!the!penetration!of!the!households.!At!the!same!time,!the!digitalization!of!large!parts!of!the!network!with!

ISDN!granted!more! than!one! connection!per! access!point! allowing! for! simultaneous!use!of! a!multitude!of!

services.!For!instance,!ISDN!permitted!to!concurrently!use!the!connection!for!internet!access!or!sending!fax<

es!while!a!phone!call!was! in!progress.! In!addition,! the!routing!process! in! the!switching!centres!that!earlier!

had! been! done! manually! was! automated,! which! increased! the! reliability! of! the! network.! (Badach,! 2005;!

Bonnekoh,!2007)!

The!mobile!telecommunication!evolved!very!differently.!After!the!invention!of!the!telephone,!only!little!time!

passed!until! the! cornerstone! for!mobile! telecommunication!was! laid.! In! 1896,! the! Italian! and! later!Nobel<

prize!winner!Guglielmo!Marconi!patented!a!device!that!was!capable!to!“detect!and!register!electrical!waves”!

(Alby,!2008,!p.!3).!The!British!Royal!Navy!bought!the!technology,!as! it!enabled! its! fleet!to!communicate!on!

sea.!At! that! time,!war! ships!were! the! ideal!place! to! implement! the!new! technology!because! the!batteries!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4!For!instance!the!Strowger!switch!that!was!invented!in!1888.!
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necessary! to! run! it!were! so!big! that! they! required! a! large! carrying! capacity,!which!was!provided!by! these!

ships!(Alby,!ibid.).!!

After! the! turn! of! the! century,! the! first! basic! and! non<military! services! based! on! radio! technologies! were!

launched.!In!the!United!States,!for!instance,!the!police!used!radio!technologies!to!page!their!action!force!that!

then!called!back!to!the!control!room!via!regular!telephones.!During!WWII,!mobile!communication!technolo<

gies!were!developed!further!and!used!as!an!advantage!on!the!battlefield.!Benefitting!from!the!progress,!after!

the!war! the! first! commercial!mobile! telephone! service!was! launched! in! the!United!States! (Alby,!2008;!Kö<

nigstorfer,!2008).!In!the!beginning,!however,!the!service!level!was!very!limited.!In!New!York,!only!a!maximum!

of!730!people!could!subscribe!who!then!had!to!fight!for!one!of!the!twelve!communication!channels.!Moreo<

ver,!it!was!normal!that!users!accidentally!landed!in!a!conversation!between!other!participants!(Alby,!2008).!!

Soon,! other! countries! followed! and! launched! their! own! commercial! mobile! phone! networks5.! Common!

standards!were!missing,!for!which!the!first!generation!of!mobile!phones!could!only!be!used!in!one!country!

and!often!just!with!one!service!provider.!Apart!from!these!network!incompatibilities,!the!first!generation!of!

mobile!phones!also!had!a!series!of!drawbacks.!For!instance,!when!a!mobile!phone!left!the!reach!of!an!anten<

na,! the!connection!was! lost.!An!automatic!handover! (so<called!“Roaming”)! to! the!next!closest!antenna!did!

not!yet!take!place.!Furthermore,!the!caller!had!to!know!in!which!area!the!mobile!phone!was!located!in!order!

to!establish!a!connection,!as!the!number!under!which!the!mobile!phone!could!be!reached!depended!on!the!

its! location.! The!price! for! a! first<generation!mobile! phone!was!higher! than! the! average! annual! salary! of! a!

worker,!which!is!why!the!largest!part!of!the!population!was!excluded!form!the!use!of!the!innovation.!Plus,!

the!mobile!phones!were!still!heavy!and!bulky!for!which!they!mostly!were!built!into!the!trunks!of!cars.!In!ad<

dition!to!these! inconveniencies,!also!serious!problems!existed.!For!example,!the!first!networks!could!easily!

be!tapped!because!they!were!analogue!and!unencrypted.!(Alby,!ibid.)!

Even!before!the!first!multinational!mobile!communication!standards!or!roaming!networks!existed,!the!first!

mobile! telecommunication! systems! using! satellites! rather! than! terrestrial! network! infrastructure! were!

launched.!Although!they!were!used!as!alternatives! to! the! latter!during! the!1980ies!and!they!had!the!clear!

advantage!that!they!allowed!for!mobile!telecommunication!even!in!areas!where!no!terrestrial!network!could!

be!accessed,! they!soon!were!relegated!to!a!niche!existence.!Alby! (ibid.)!offers! three!explanations!why!this!

happened.!First,!the!increased!transmission!power!that!is!needed!to!communicate!with!satellites!requires!a!

larger!antenna.!As!a!result!satellite!phones!are!bulkier!than!regular!mobile!phones!and!do!not!fit!into!trouser!

pockets,!which! reduces! their! suitability!as!everyday!mobile!devices!drastically.!Secondly,!because!both! the!

devices!and!the!airtime!sell!with!significant!price!mark<up,!satellite!telephony!cannot!compete!with!terrestri<

al!mobile!telecommunication!on!the!mainstream!market.!Finally,!early!satellite!phones!had!similar!problems!

as! terrestrial! mobile! phones:! They! were! not! compatible! with! other! satellite! networks.! Terrestrial! mobile!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5!E.g.!Sweden!(1955),!Germany!(1958)!
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communication,!however,!early!harmonized!the!networks,!for!which!it!became!the!dominant!system.!(Alby,!

ibid.)!

In!1982!the!way!for!the!breakthrough!of!terrestrial!mobile!communication!was!paved.!It!was!the!year!when!

the!Groupe! Spécial!Mobile! (GSM6)!was! founded!with! the! aim!of! developing! an! inter<compatible! and!pan<

European!mobile! telecommunication!standard!that!would!get! the!teething!problems!of!earlier!mobile!net<

works!out!of! the!way.!The!resulting!GSM!standard!was! launched! in!1991.!Today!ca.!90%!of! the!worldwide!

mobile!telecommunication!technologies!are!based!on!it.!(Alby,!ibid.;!GSMA,!2012)!

The!internet!had!its!beginning!already!in!the!late!1969,!and!the!email!was!invented!in!1972!(Lewis,!2006;!Sig<

ler,!2010).!However,!it!was!only!in!1991!when!Tim!Berners<Lee,!scientist!at!the!Swiss!research!facility!“CERN”,!

presented!the!World!Wide!Web!(WWW),!thereby!opening!to!the!larger!public!what!previously!was!primarily!

the!domain!of!scientists!and!the!military.!In!the!years!following!this!event!the!number!of!internet!users!ex<

ploded.!Yet,!browser!incompatibilities,!the!lack!of!coding!standards!or!integrated!development!frameworks!

and!slow!and!expensive!connections!(28.8!Kbit/s!or!56.6!Kbit/s)!made!early!contacts!with!the!medium!a!pain<

ful!experience.!In!the!subsequent!years,!large!investments!into!Digital!Subscriber!Lines!(DSL)!were!undertak<

en!to!provide!sufficient!bandwidth!to!deal!with!the!sharply!increasing!data!transfer!volumes!and!to!acceler<

ate!the!speed!of!the!connections.!(Alby,!ibid.)!

Text!functions!such!as!SMS!enhanced!mobile!telecommunication! in!1995.!But!telecommunications!services!

were! still! expensive!and!only!available! to!a!minority!of! the!population.!More!popular!were!pager! services!

such!as!the!“Scall”!of!T<Mobile!in!Germany!that!permitted!customers!receiving!messages!consisting!of!num<

bers!each!of!which!had!an!agreed!meaning.!113,!for!example,!could!be!defined!as!“Call!me!back”!upon!which!

the!user!would!do!so!by!using!a!stationary!phone.!(Alby,!ibid.)!

In!1997,!the!Wireless!Application!Protocol!(WAP)!brought!the!internet!to!the!mobile!phone.!However,!similar!

to! the! beginnings! of! the! stationary! internet,! the!WAP!was! slow! because! the! GSM! networks! only! offered!

speed!rates!between!9.67!and!14.4!Kbit/s!(Sauter,!2009).!Furthermore!the!content!was!unstructured,!inter<

leaved,! and! the!unpleasant!user!experience! resulting! thereof!hindered! the! technology! to!become!a!major!

breakthrough.!The!Swedish!company!Ericsson!a!year!later!presented!the!Global!Packet!Radio!Services!(GPRS)!

technology! that!would!bring!enhanced! speed! (115.2!Kbit/s)! and! that!would,! similar! to! the! introduction!of!

ISDN,!allow!the!mobile!device!to!stay!connected!to!the!internet!without!blocking!a!voice!channel.!In!Germa<

ny,! the! technology! went! on! air! in! 2001.! In! 2006,! the! launch! of! Enhanced! Data! Rates! for! GSM! Evolution!

(EDGE)!standard!increased!the!velocity!of!the!mobile!internet!once!more!to!473.6!Kbit/s!and!made!the!con<

nection!more!stable.!For!instance,!while!on!GPRS!the!streaming!of!videos!was!still!a!strictly!“meditative!mat<

ter”! (Alby,! ibid.,!p.!24),!under!EDGE!the!buffering! time!became!tolerable.!However,!when!EDGE!was! intro<

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6!Today,!GSM!no!longer!stands!for!„Groupe!Spécial!Mobile“!but!for!the!mobile!communication!standard!the!committee!
drafted:!the!Global!System!for!Mobile!Communication.!
7!All!indicated!speeds!refer!to!the!theoretical!capacity.!The!actual!speed!may!differ!and!be!considerably!lower.!
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duced,!DSL! had! already! gained! a! strong! foothold! in! stationary! internet! and!had! replaced! the! slow!dial<up!

connections!with!accesses!providing!speeds!of!1!Mbit/s!or!higher!(Sauter,!2009).!As!a!result,!despite!the!sig<

nificant!speed!increase!EDGE!had!brought,!in!the!eyes!of!the!users!mobile!internet!was!still!disappointingly!

slow.!In!addition,!the!prices!for!the!service!continued!to!be!exorbitantly!high.!(Alby,!ibid.)!!

In!2004,!the!idea!of!using!the!internet!connection!rather!the!traditional!telephone!network!to!transport!voice!

signals!was!not!new.!Already!during!the!1990ies,!first!attempts!to!do!so!had!been!undertaken,!but!the!high!

cost!and!the!slow!speed!of!the!internet!access,!and!technical! immaturity!had!prevented!Voice!over!IP!from!

becoming!a!serious!alternative!to!traditional!telephony.!!

By! 2004,! however,! the! technologies! backing! VoIP! had!made! significant! progress,! and! so! had! the! internet!

connections.!As!a! result,! in! this!and! the! following!years!a! sharp! increase!of! the!number!of!VoIP!operators!

could!be!observed.!In!Germany,!for!instance,!in!2004!alone!the!number!of!operators!went!up!from!15!to!40!

(Alby,! ibid.).! Practically! over! night! VoIP! had! become! a! threat! to! incumbent! telecommunication! providers.!

Many!industry!experts!heralded!a!“VoIP!Revolution”!and!shared!the!opinion!that!the!technology!would!sub<

stitute!many!incumbent!firms!in!the!next!10<15!years!(c.f.!Bonnekoh,!2007;!Kapustka,!2004;!Oliver!Wyman,!

2004;!Rao,!Angelov,!&!Nov,!2006).!

The! current! chapter! offered! the! reader! a! selection!of! events! that! shaped! the! telecommunication! industry!

until!2004!and!examples!were!drawn!from!the!evolution!of!the!regular!telephony,!the!mobile!telecommuni<

cation!and!the!internet.!The!last!innovation!that!was!introduced!–!Voice!over!IP!–!is!examined!in!more!detail!

in!the!subsequent!chapters.!!

2.4. Comparing!VoIP!and!PSTN!

2.4.1. Network!Architecture!

As!was!briefly!indicated!in!the!introductory!section,!traditional!telephony!and!VoIP!differ!significantly!in!the!

way!they!connect!the!call!participants.!The!following!chapter!gives!an!overview!and!compares!the!two!tech<

nologies.!As!this!chapter!is!rather!technical,!the!reader!might!find!Figure!11!helpful!for!the!understanding!of!

the!differences.!!

Traditional!telephony!relies!on!a!strictly!hierarchically!organized!and!centrally!managed!network,!the!PSTN8!

(Henkel,!2009).!Originally,!calls!were!passed!to!the!next!level!in!the!hierarchy!–!a!layer!with!larger!geograph<

ical!reach!–!for!onward!routing!if!within!a!local!cluster!the!call!could!not!be!established.!In!Germany!for!in<

stance,!not!including!the!international!prefix,!in!total!five!hierarchical!layers!existed.!Later!technological!pro<

gress!brought!automated!electromechanical!circuit!switching,!which!permitted!to!flatten!the!hierarchy.!To<

day,!the!PSTN!in!Germany!is!organized!in!three!layers:!The!local!layer!(VE:O),!the!layer!for!far!calls!(VE:F)!and!

the! layer! for! international!calls! (VE:A).! Internationally,! the!number!of! layers!differs!but!generally!the!struc<
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8!PSTN!stands!for!Publicly!Switched!Telephone!Network!
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ture!is!similar!to!the!one!found!in!Germany.!The!entirety!of!these!layers!is!referred!to!as!the!“Backbone”!of!

the!PSTN!network.!(Hauser,!2010)!

Access! to! the! PSTN! backbone! is! provided! via! a!

twisted<copper<pair! analogue! subscriber! line! con<

nected!to!the!local!exchange.!This!part!of!the!PSTN!

network! is! referred! to! as! the! local! loop! and! in<

cludes! the! network! interface! at! the! premises! of!

the! caller! (CPE,! e.g.! the! telephone! sockets),! the!

access! line! leading! to! the! local! exchange! and! the!

components! at! the! local! exchange! where! these!

access! lines! terminate.! Residential! services! are!

usually! connected! directly! to! the! local! exchange,!

business! phones! often! via! a! private! branch! ex<

change!(PBX!–!c.f.!Exhibit!1).!(!Dol,!2010)!

In!this!PSTN!hierarchy,!calls!are!established!via!the!

shortest!route!between!the!participants.!From!the!

beginning! to! the! end! of! a! call! the! transportation!

way!of! the!voice!signals,! the!so<called!routing,! re<

mains! the!same.!During! this!period,! the! link! is! re<

served! exclusively! for! the! on<going! call.! Hence,!

other!data!or!calls!cannot!be!transmitted!through!

the!same!route!at!the!same!time.!As!was!stated!in!

the!introduction,!this!type!of!routing!is!referred!to!as!“Circuit!Switching”.!(Bonnekoh,!2007;!Henkel,!2009)!

VoIP!works!differently.!In!broad!terms,!VoIP!transmits!the!voice!signals!through!the!internet!rather!than!the!

PSTN!network.!More!detailed,!VoIP!technology!digitizes!the!voice!signals,!encrypts!and!compresses!them!into!

data!packets,!and!sends!those!packets!over!the!internet!to!the!conversation!partner.!Therefore,!this!type!of!

routing!is!referred!to!as!“Packet!Switching”.!Arrived!at!their!destination,!the!packets!are!aggregated!and!re<

converted!into!sound!signals.!!

Besides! the! voice! signals! each! packet! contains! a! header! containing! the! destination! address! to! ensure! the!

packet!finds!its!way!through!the!internet.!Because!the!route!the!packets!take!to!arrive!at!their!destination!is!

not!pre<defined!and!can!vary!for!every!single!packet,!some!packets!may!arrive!earlier!than!others.!As!the!or<

der!of!the!packets!therefore!may!shift!during!the!transmission!process,!the!header!also!contains!a!sequence!

number! that! ensures! the! packets! are! re<assembled! in! the! correct! order.! In! contrast! to! PSTN,! under! VoIP!

technologies! unused! transmission! capacity! available! for! other! uses,! e.g.! e<mails,!web!browsing,! or! calls! of!

,

PBXs! are!machines! within! companies! that! separate! the!
telephone!network!into!a!company<internal!and!external!
network.! While! few! outgoing! lines! are! shared! with! all!
internal!participants,! internally!every!participant!has!his!
or! her! own! extension! number.! This! yields! twofold!
benefits.! On! the! one! hand,! costs! are! lowered! because!
calls! to! internal! numbers! are! no! longer! routed! via! the!
fee<based!PSTN!network!but!through!the!private!internal!
and! settlement<free! network.! Secondly,! the! number! of!
outside! subscriber! lines! can! be! reduced,!which! reduces!
subscription! and! infrastructure! costs! (Payne,! 1999).! In!
addition,! PBXs! usually! enhance! the! PSTN! network! with!
functionalities! that! are! not! provided! by! the!
telecommunication! operators,! such! as! ACD,! IVR! or!
VMS*.!!

An!ACD!allows! to!screen!and!queue! incoming!calls,! and!
to!route!them!to!the!correct!internal!phone.!An! IVR!is!a!
system! in! which! a! computer! voice! interacts! with! the!
caller,! receives! his! or! her! keypad! inputs! and! channels!
him! or! her! accordingly.! VMS! is! a! coverage! point! for!
unanswered! calls,! which! records! and! stores! messages!
and!provides!further!additional!services.!(Sulkin,!2002)!

*! ACD! stands! for! Automatic! Call! Distributor,! IVR! for!
Interactive!Voice!Response!and!VMS!for!Voice!Messaging!
System!

Exhibit,1:,Private,Branch,Exchange,(PBX),
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other!people,!because!the!routing!is!dynamic!rather!

than!exclusive!and!pre<defined.!(Badach,!2005;!Hen<

sel!&!Wirsam,!2008;! Lyytinen!&!Rose,!2003;!Mager,!

2004)!

Unless!additional!network!infrastructure!is!provided,!

VoIP!devices!are!only!reachable!by!other!VoIP!clients!

as!an!interconnection!to!the!PSTN!network!is!absent.!

Skype,!for!instance,!provides!its!users!with!a!contact!

manager! displaying! a! list! of! other! users! that! are!

online.!Upon!request,!the!program!connects!the!par<

ticipants!by!exchanging!the!IP!addresses!of!the!VoIP!

clients.!From!a!classic!PSTN!phone,!Skype!users!nor<

mally!cannot!be!called.!

VoIP!clients!may!also!be!reached!under!a!regular!tel<

ephone! number.! This,! however! is! only! possible! if!

somewhere! in! the! network! the! client’s! IP! address!

mapped!with! a! PSTN! number,! and! vice! versa.! Such!

assignation! is! made! by! changeover! points! in! the!

network,!by!devices!called!gateways.!In!other!words,!

gateways!are!machines!that!make!the!PSTN!and!VoIP!

networks! interoperable.! (Bonnekoh,!2007;!Hensel!&!

Wirsam,!2008;!Meinberg,!2008)!

Traditionally,! special!phones!or!dedicated!computer!

software!were! the!only!means!by!which!VoIP! could!

be!used.!Today,!many!more!clients!exist.!In!addition!

to! the!aforementioned,! regular!PSTN!phones!nowa<

days! can! either! be! equipped! with! Analogue! Tele<

phone! Adapters! (ATAs),! or! be! connected! to! special!

routers,!which!provides! them!with!VoIP! functionali<

ty.! Or,! dedicated! software! applications! turn! smart!

phones,! tablet! computers!or! PDAs9! into!VoIP!devic<

es.!(Bonnekoh,!2007;!Hensel!&!Wirsam,!2008;!Mein<

berg,!2008)!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
9!PDA!stands!for!Personal!Digital!Assistant!

,

ENUM! stands! for! E.164! Number! Mapping*.! It! is! a!
service! that! associates! registered! VoIP! numbers! with!
IP!addresses.!Not!all!SIP<based!VoIP!providers!support!
ENUM,! but! those! that! do! not! only! verify! if! the!
destination!PSTN!number! is! a!subscriber!of! their!own!
network,!but!subsidiarily!also!verify!if!it!is!registered!in!
ENUM.!If!it!is,!ENUM!resolves!the!destination!number!
into! an! IP! address! and! the! call! is! routed! via! the!
internet! rather! than! the! fee<based! PSTN! network.!
Therefore,! these! calls! normally! are! free! of! charge,!
even! if! the!VoIP!operator!of! the! caller! and! the! callee!
are!not!identical.!(Meinberg,!2008)!

ENUM! is! a! service! provided! by! the! Domain! Name!
System! (DNS).! The! DNS! is! a! hierarchical! system! that!
maps! internet! domain! names! with! IP! addresses.! This!
directory! lookup! service! is! an! essential! part! for! the!
internet,! as! it! ensures! that! users! can! navigate! the!
internet! by! using! easy<to<remember! domain! names!
(e.g.! www.google.com)! rather! than! the! numerical!
identifier! of! internet! devices,! the! IP! address**.! In!
other! words,! without! the! DNS! users! would! have! to!
remember!the!numerical!address!of!an!internet!source!
–!the! IP.!Not!only! is!this!highly! cumbersome,!but!also!
error<prone,! because! many! IP! addresses! per! default!
are! not! statically! assigned! to! institutions/clients! but!
change! several! times!during!a!month.!Domain! names!
are! easy! to! remember! and! forward! users! directly! to!
the! correct! underlying! IP! address,! even! if! it! changes!
over!time.!SIP!takes!advantage!of!the!DNS!by!providing!
URI***<formatted!addresses!to!its!clients!that!the!DNS!
then!resolves! into! IP!addresses.!SIP<URI!addresses!are!
easy! to! remember,! as! they! have! the! same! format! as!
email!addresses****,!Thus,!if!a!SIP!user!knows!the!SIP<
URI! address! of! the! callee,! he! or! she! can! directly!
establish!a!free<of<charge!call!–!even!without!knowing!
the! IP! address.! (Badach,! 2007;! Ganguly!&! Bhatnagar,!
208;!Meinberg,!2008)!
!
*! An! E.164! number! is! a! regular! PSTN! telephone!
number.!
**! For! instance,! the! IPv4! address! of! the! website! of!
Google! on! January! 1st,!2012! is!http://209.85.148.105!
and!IPv6:!http://[2a00:1450:8005:0:0:0:0:0].!

***!URI!stands!for!Uniform!Resource!Identifier.!
****!E.g.!sip:benjamin.harder@providername.com.!
!

Exhibit,2:,ENUM/DNS,Service,
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The!operators!of! the!PSTN!networks!make! the!use!of! their! infrastructure! subject! to! tariffs.! Therefore,! if! a!

VoIP! user! dials! a! PSTN! number,! he! or! she! usually! is! charged! a! fee.! Such! call! is! routed! from! the! internet!

through!a!gateway!onto!the!PSTN!network,!where! it!reaches! its!destination.!The!call! is!routed!through!an<

other!gateway!back!onto!the!internet,!if!the!PSTN!number!in!fact!belongs!to!another!VoIP!client!rather!than!a!

traditional!PSTN!phone.! In!order! to! save! the!PSTN! fees,!VoIP!operators! therefore!verify!before! forwarding!

VoIP!calls!to!the!PSTN!network!whether!the!destination!PSTN!number!belongs!to!another!customer!of!their!

VoIP! network.! If! applicable,! the! call! is! routed! directly! through! the! internet! rather! than! through! the! PSTN!

loop.!As!no!costs!occur!for!such!on<net!calls!–!that!is!VoIP!calls!between!two!clients!of!the!same!VoIP!provid<

er!–!they!are!usually!free!of!charge.!Some!VoIP!providers!even!check!if!the!dialled!PSTN!number!belongs!to!a!

VoIP!client!of!other!VoIP!operators!by!conducting!an!ENUM<lookup!(see!Exhibit!2)!and!connect!participants,!

if!applicable,!free!of!charge!through!the!internet.!(Meinberg,!2008;!Trick!&!Weber,!2009)!

In! terms!of! underlying! architecture,! the!PSTN!network! is! highly! structured!by! standards!developed!by! the!

International!Telecommunication!Union!(ITU).!Such!clear!standards!are!missing!for!VoIP,!and!various!compet<

ing!protocols!exist.!The!most!widely!used!ones!are!SIP10,!H.323!and!the!Skype!protocol.!For!transporting!the!

voice!data!packets,!all!of!them!(and!many!other!VoIP!protocols,!too)!make!use!of!the!readily!available!Real!

Time!Protocol!(RTP).!For!initiating!the!transmission!and!preparing!the!voice!signals!–!that!is!digitalizing,!en<

crypting,!compressing,!packetizing,!addressing,!etc.!<,!however,!the!protocols!fundamentally!differ.!(Analysys,!

2004!Durkin,!2003;!Perkins,!2003;!Bonnekoh,!2007)!

The!standards!also!vary! in!their!degree!of!modifiability!and!complexity.!Without!going! into!too!much!tech<

nical!detail,!the!Skype!protocol,!for!instance,!is!proprietary!and!only!used!in!the!program!of!the!same!name.!

H.323!is!a!fully<fledged!media!transmission!architecture!with!a!broad!range!of!functionalities.! It! is!a!frame<

work!constituted!by!a!set!of! further!protocols!with!hundreds!of! interacting!elements.!Therefore,! its! imple<

mentation!is!rather!complex.!Notwithstanding,!today!it!can!be!found!in!many!modern!telephone!systems.!SIP!

is! the! standard! that! took! over! the! leading! role! from!H.323! and! is! capable! of! setting! up! transmissions! for!

voice,!video!or!any!other!data.!It!does!not!provide!its!own!audio!and!video!standards!(so<called!codecs),!but!

negotiates!upon!initiation!of!the!call!between!the!parties!what!codecs!are!supported!and!adjusts!the!modali<

ties!of!the!call!accordingly.!One!side!advantage!SIP!has!over!H.323!is!that!it!produces!messages!that!are!en<

coded!in!ASCII!format,!which!is!plain!text,!while!H.323!produces!binary!code,!which!is!unreadable!for!human!

beings.!SIP! therefore! is!easier! to!understand!and!maintain.!SIP! is!also! the!protocol! that!enables! the!afore<

mentioned! ENUM! service! that! allows! for! free! calls! between! VoIP! users! of! different! VoIP! providers! (see!

Exhibit!2).!(Durkin,!2004;!Bonnekoh,!2007;!Henkel,!2008;!Virgo!Publishing,!2006)!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
10!SIP!stands!for!Session!Initiation!Protocol!
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Figure,11:,Comparison,of,the,PSTN,and,VoIP,Network,Architecture.,,
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Customer Premises 
Equipment (CPE) Local Loop Backbone /  

Core Network 

Business 

Residential 
Subscriber Lines 

PBX 

Local Exchange 
(Class 5 Switch) 

Local Layer (VE:O) 
Far Call Layer  
(VE:F) 

International Layer  
(VE:A) 

Interchange  
Trunks 

Local Exchange  
Trunk 

PSTN Telephone 
Switching Node 
International Gateway 

Note: Calls are established by forwarding them up in the hierarchy until a common node for all participants is found 

Toll/Transit 
(Class 4 Switch) 

 

 IP/PSTN Gateway 



!

General!Theoretical!Section!<!Comparing!VoIP!and!PSTN! Version:!24/04/2012!
Voice!over!IP!2.0!<!An!Analysis!of!Potential!and!Limits!of!IP2IP!Telecommunication! Benjamin!Harder!

26!
2.4.2. Advantages!and!Disadvantages!

Despite! the! fact! that! the! transmission! of! the! voice! signals! based! on!VoIP! technologies! seems! to! be!more!

complex!than!through!the!fine<tuned!PSTN!network,!there!are!many!arguments!that!speak!in!favour!of!VoIP!

(Hensel!&!Wirsam,!2008).!This!chapter!therefore!elaborates!the!pros!and!cons!of!the!respective!technologies!

that!arise!from!the!architecture!differences!that!were!presented!in!the!previous!chapter.!!

(I) Advantages,of,PSTN:,An! important!characteristic!of! the!PSTN!network! is! its! reliability.!The!network! is!

virtually! always! available.! Even! in! case! of! a! power! outage! the! PSTN! phone! is! working,! as! it! is! powered!

through!the!PSTN!network!(Clark,!2004;!Ledford,!2005;!Mohmand,!2007).!A!study!on!the!availability!of!the!

AT&T!PSTN!network,!the!largest!one!in!the!world!at!the!time!of!the!study,!found!that!over!40!years!the!net<

work!had!only!been!down!for!2!hours!in!total,!which!equates!to!a!reliability!greater!than!99.999%!(Zorpette,!

1989!as!cited!in!Kuhn,!1997)!!Furthermore,!as!the!routing!between!two!participants!is!reserved!for!exclusive!

use!of!the!call,!the!quality!of!the!voice!transmission!is!good!and!stable!(OFCOM,!2002).!,

PSTN!numbers!are!composed!by! the!elements!defined! in! the! ITU<T!E.164!numbering!plan.!This!numbering!

system!ensures!that!geographic!areas!are!reachable!under!the!same!prefix.!As!usually!a!premium!is!charged!

for!far<distance!calls,!the!PSTN!numbers!that!indicate!where!the!callee!is!more!or!less!help!the!caller!to!antic<

ipate!costs.! In!addition,! the! fact! that!PSTN!numbers! indicate!geographical! locations!help! the!authorities! to!

locate!and!assist!the!caller!quickly!in!case!of!an!emergency!(Analysys,!2004;!Meisel!&!Needles,!2005).!

In!many!countries,!the!PSTN!network!was!long!protected!and!operated!by!a!government<controlled!monopo<

list,!for!which!the!industry!is!strongly!regulated.!However,!the!rather!rigid!legislations!can!be!perceived!as!an!

advantage!for!the!market!players,!as!the!well<defined!rules,!norms!and!standards!set!clear!market!conditions!

with!little!ambiguity!(c.f.!Clark,!2004;!Henkel,!2009;!Nieminen,!2004;!Sadowski!&!Straathof,!2005).!

(II) Disadvantages,of,PSTN:,An!often<cited!argument!against!PSTN!is!the!cost!intensity!of!the!necessary!in<

frastructure.!As!has!been!stated!in!the!previous!chapter,!the!PSTN!network!relies!on!a!hierarchy!built!on!nu<

merous!gateways,!terminals,!switch!boxes,!frame!relays,!PBXs,!etc.!In!other!words:!costly!hardware.!Invest<

ment!and!maintenance!costs!therefore!are!significant!for!telecommunication!operators!as!well!as!for!corpo<

rate!customers.!The!high!fees!that!are!charged!for! long!distance!calls!reflect!the!expensiveness!of!the!net<

work!such!calls!require!for!connecting!the!participants!(Jackson,!Shorter,!&!Forcht,!2009).!!

In! addition,! services! beyond! the! traditional! one<on<one! calls! often! require! alterations! in! the! hard<! and/or!

software!of!the!network!elements,!e.g.! the!switch!boxes.!As!third<party!companies,!such!as!Cisco!Systems,!

Ericsson,!or!Siemens,!produce!these!operators!often!have!to!wait!until!their!devices!support!the!requested!

feature,!unless!they!seek!close!collaboration!with!the!aforementioned!manufacturers.!Providing!new!services!

therefore!can!be!a!lengthy!and!prohibitively!costly!or,!in!case!of!carrier<overlapping!change,!a!sheer!impossi<

ble!undertaking!(!Dol,!2010;!Bell,!2008;!Bonnekoh,!2007;!Rao,!Angelov,!&!Nov,!2006).!!
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PSTN! dedicates! its! lines,! as! was!mentioned! earlier,! exclusively! for! a! call! in! progress.! For! this! reason,! the!

length!of!calls!is!an!important!variable!in!the!PSTN!network.!According!to!!Dol!(2010),!most!calls!are!relative<

ly!short,!for!which!switch!boxes!were!engineered!for!call!durations!of!three!minutes!or!less.!The!carrying!ca<

pacity!of!the!PSTN!network!soon!is!exceeded!if!the!average!call!duration!exceeds!this!limit,!or!if!many!people!

attempt!to!use!the!PSTN!network!simultaneously.!For!this!reason,!in!many!regions!of!the!world!the!increas<

ing!number!of!people!using!a!PSTN!dial<up!connection!for!accessing!the! internet!puts!a!strain!on!the!PSTN!

network,!as!the!average!internet!session!lasts!one!hour!(!Dol,!ibid.).!!

(III) Advantages,VoIP:,Undoubtfully!the!most<often!cited!advantage!of!VoIP!is!its!large!cost!saving!potential.!

First,!for!users!infrastructure!and!maintenance!costs!are!significantly!reduced,!as!by!combining!the!internet!

and!telephone!network!the!PSTN!infrastructure!becomes!redundant.!For!instance,!it!typically!required!busi<

nesses!with!a!PSTN!infrastructure!to!cable!hundreds!of!pairs!of!copper!lines!to!connect!their!workers!to!the!

PBX.!With!VoIP,! this! infrastructure! can!be!eliminated!entirely!by!using! the!high<speed! internet! connection!

instead!(Jackson,!Shorter,!&!Forcht,!2009).!In!other!words,!under!PSTN!every!additional!workplace!required!a!

new!wire!to!be!cabled!from!the!PBX!to!the!worker’s!telephone.!Under!VoIP,!connecting!a!suitable!device!to!

the!internet!connection!is!sufficient.!Hence,!not!only!did!VoIP!reduce!the!costs!for!the!infrastructure,!but!it!

also!made!it!much!more!flexible!and!efficient.!!

Secondly,!VoIP!allows!users!to!circumvent!the!expensive!tariffs!charged!for! long<distance!and! international!

calls.!Because!calls!are!passed!onto!the!PSTN!network!through!gateways!close!to!the!callees’!local!exchange,!

only! minimal! PSTN! routing! fees! occur.! For! companies! operating! globally! this! yields! significant! cost! ad<

vantages.!For! instance,!VoIP!allows!centralizing!call! centres!because!no!matter!where! the!callee! is! located!

only!local!tariffs!have!to!be!paid,!while!with!a!PSTN!network!such!centralization!would!be!tremendously!cost<

ly!because!of!the!expensive!long<distance!calls.!Likewise,!VoIP!enables!companies!to!create!their!own!world<

wide!intranet.!Calls!routed!within!such!private!IP!network!are!free!of!charge,!as!they!never!enter!the!PSTN!

network.! Hence,! VoIP! drastically! lowers! the! costs! for! corporate! communication! among! globally! dispersed!

subsidiaries.!!

The!consulting!company!Soreon!Research!estimates!that!within!five!years!after!changing!to!VoIP,!SMEs!save!

up!to!31%!in!respect!to!their!former!telephony!expenses!and!that!for!large!enterprises!the!cost!saving!poten<

tial! is! likely! to!be!even!greater! (Soreon!Research,!2005;! see!also! !Dol,!2010;!Bonnekoh,!2007;!Christensen,!

Anthony,!&!Roth,!2001;!Hensel!&!Wirsam,!2008;! Jackson,!Shorter,!&!Forcht,!2009).!Analyses!by!Oliver!Wy<

man,!another!consultancy,!support!these!findings!(c.f.!Oliver!Wyman,!2004).!!

Another! advantage! of! VoIP! is! that! it! enables! “nomadic”! use! of! a! telephone! number.! As!was! explained! in!

chapter!2.4.1,! gateways!map!PSTN!numbers!belonging! to!a!VoIP! client! to! the! corresponding! IP! addresses.!

Hence,!wherever!the!callee!is!located,!for!establishing!a!connection!it!is!sufficient!that!the!gateway!forwards!

the!call!to!the!current!IP!address!of!the!callee’s!VoIP!device.!Thus,!VoIP!makes!local!numbers!globally!porta<
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ble!without!roaming!cost.!For!business!users!who!frequently!travel!and!make!long<distance!calls!this!is!a!val<

uable!feature.!(Hensel!&!Wirsam,!2008;!Jackson,!Shorter,!&!Forcht,!2009;!Wolf!&!Barnes,!2011).!!

In!VoIP!networks!additional! services!can!often!be!realized! through!software!updates!and!upgrades.!There<

fore,! the! costs! for! implementing! functionalities! such! as! group! or! video! calls,! simultaneous! data! transmis<

sions,!unified!messaging! systems11,!etc.! are!marginal.! Furthermore,! in! comparison!with! the!PSTN!network,!

where!most!alterations!need!the!consent!of!many!stakeholders,!changes!in!a!VoIP!network!can!often!be!real<

ized!quickly!and!unilaterally,!as!the!technology!is!more!flexible!(Christensen,!Anthony,!&!Roth,!2001;!Fischer,!

2008;!Rao,!Angelov,!&!Nov,!2006).!!

Finally,!while!PSTN!reserves!a!dedicated!route!for!the!exclusive!use!of!a!call,!under!VoIP!unused!bandwidth!

capacity! is! available! for! other! uses.! Imagine! a! call! has! been! established! but! nobody! speaks.! On! the! PSTN!

network,!other!users!could!not!benefit!of!the!idle!line,!as!it!is!reserved!for!the!established,!yet!mute!call.!Un<

der!VoIP,!less!traffic!is!caused,!for!which!reason!more!bandwidth!is!available!for!the!internet!usage!of!other!

people.!(Hensel!&!Wirsam,!2008).!

(IV) Disadvantages,of,VoIP:,In!telecommunications!the!quality!of!the!signal!is!a!crucial!factor,!for!which!high<

ly!reliable!and!qualitatively!outstanding!networks!are!a!prerequisite.!In!telephone!networks!the!term!“Quali<

ty!of!Service”!(QoS)!measures!this!factor!and!has!long!been!one!of!the!major!points!of!critique!against!VoIP!

(c.f.! Badach,! 2007;! Jackson,! NAIRSC,! 2004;! Shorter! &! Forcht,! 2009;! OFCOM,! 2002;! Sadowski! &! Straathof,!

2005)!

The!quality!of!the!voice!signals!transmitted!by!VoIP!directly!correlates!with!the!quality!of!the!internet!con<

nection.!A!slow!internet!connection!may!cause!data!packets!to!arrive!delayed!at!their!destination12!or!make!a!

higher! rate!of!compression!necessary,!a!process! in!which!a!part!of! the!signal!quality! is! lost.!Single!packets!

may!also!arrive!late!because!of!the!different!routes!the!individual!packets!take!to!arrive!at!their!destination.!

As!a!result,!the!order!the!packets!arrive!at!their!destination!differs!from!the!order!they!were!sent13.!There<

fore,!the!receiver’s!VoIP!device!needs!to!gather!the!incoming!packets!and!put!them!into!the!right!order!be<

fore!it!is!able!to!reassemble!and!convert!them!back!into!sound!signals.!While!delays!below!100ms!are!barely!

noticeable!and!150ms!are!acceptable,!delays!larger!than!300ms!make!a!conversation!impossible!because!the!

participants!constantly!interrupt!each!other.!If!during!the!transmission!more!than!5%!of!the!data!packets!are!

lost,! for! instance!because!of!a!congested!switching!centre,! the!acoustic!signal!can!be!distorted.!More!than!

40%!of!lost!packages!make!a!conversation!impossible.!(Henkel,!2009)!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
11!Unified!Messaging!Systems!(UMS)!integrate!different!electronic!media,!such!as!e<mail,!SMS,!Fax,!etc.,!into!one!single!
interface,!e.g.!the!user’s!inbox!(Avaya,!2009;!Fischer,!2008)!
12!The!expression!„Latency“!refers!to!the!delay!of!the!voice!data!packets!due!to!other!network!traffic!(cf.!Henkel,!2009;!
OFCOM,!2002)!
13!The!expression!„Jitter“!refers!to!the!differences!in!the!time!individual!packets!require!for!arriving!at!their!destination!
due!to!different!routing!(cf.!Henkel,!2009;!OFCOM,!2002)!
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Equally!important!is!the!availability!of!the!network.!In!2006,!a!98%!service!level!was!considered!to!be!a!posi<

tive!value!for!IT!systems.!Although!the!number!seems!high!it!is!far!from!the!reliability!of!the!PSTN!network.!

The!2%!in!which!the!system!is!not!running!translate!into!almost!29!minutes!per!day,!which!can!be!particularly!

fatal!for!businesses!if!such!outage!occurs!during!peak!times!(Buchner,!2006;!c.f.!Chong!&!Matthews,!2004).!!

Many!of!the!QoS!objections!are!sustained!by!investigations!and!reports!of!the!period!2004<2007.!While!some!

of!the!problems!still!exist!today,!others!have!been!mitigated!or!solved!in!the!meantime.!Responsible!for!this!

progress! are!advances!of! the!VoIP! technology!but! also!of! the!underlying! internet! infrastructure.!Problems!

such!as!packet!loss!have!been!tackled!with!more!intelligent!codecs!that!are!capable!of!reconstructing!voice!

signals! even! in! situations!where! a! considerable! percentage! of! the! data! packages! have! been! lost! (Henkel,!

2009).!Delays!beyond!the!threshold!of!50<150ms!often!caused!just!spoken!words!to!be!repeated!back!to!the!

speaker.!On!the!one!hand,!echo!cancellers,!pieces!of!software!that!have!been!integrated!into!VoIP!solutions!

to!detect!and!filter!out!echoes,!have!mitigated!this!problem!(Wallingford,!2005).!On!the!other!hand,!a!signifi<

cantly!increase!of!available!bandwidth!has!also!reduced!delays.!With!regards!to!reliability,!experts!state!that!

VoIP!systems!may!match!the!99.999%!of!classic! telephony! if!adequately!managed.!This,!however,! requires!

professional! network!management,! as!well! as! investments! into! emergency! power! systems! for! preventing!

outages! (Buchner,!2006;! Ledford,!2005;! Sadowski!&!Straathof,! 2005;! Schedel,! 2004).!An! investigation! con<

ducted!in!2006!found!that!VoIP!can!provide!equal!or!better!speech!quality!than!regular!ISDN!calls!if!the!VoIP!

elements!are!properly!designed! (Ulseth!&!Stafsnes,!2006).!Yet,! for!all! the!progress,!one!basic! rule!has!not!

been!altered:!If!the!quality!of!the!internet!connection!is!bad,!so!is!the!quality!of!the!VoIP!call.!Still!today,!this!

equation!sometimes!is!tested.!

Besides!QoS!issues,!another!disadvantage!VoIP!users!still!face!is!summarized!by!the!words!usability!and!user<

friendliness.!Most!VoIP!providers!equip!their!clients!with!working!out<of<the<box!kits!providing!the!basic!call!

functions.!To!fully!benefit!from!the!advantages!VoIP!provides,!however,!such!as!the!free!ENUM!calls!a!certain!

technical!affinity!is!a!prerequisite!for!setting!up!the!devices.!Plus,!a!large!number!of!VoIP!operators!also!lack!

the!support!of!ENUM!as!they!fear!for!their!gateway<linked!revenues.!!

The!mobility!of!VoIP!numbers!can!be!regarded!as!an!advantage,!but!also!as!a!disadvantage.! In! favour!of! it!

speaks!that!VoIP!allows!users!to!be!reached!under!the!same!number!worldwide.!However,!at!the!same!time!

it! also!makes! tracing! the! call! origination!difficult.! This! can!be!problematic! in! situations!where! fast!help!by!

emergency!services!is!delayed!because!the!telephone!number!is!no!longer!tied!to!a!geographical!region.!Fur<

thermore,!certain!VoIP!providers!do!not!even!provide!access!to!emergency!numbers,!which!may!have!drastic!

consequences!for!callers!in!urgent!need!of!such!service.!(Jackson,!Shorter,!&!Forcht,!2009;!Mohmand,!2008;!

US!FCC,!2012).!!

Finally,!many!experts!raise!security!concerns!against!VoIP,!despite!the!fact!that!on!average!VoIP!systems!are!

considered!more!secure!than!regular!PSTN!transmissions.!The!notion!is!underpinned!by!breaches!into!heavily!
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guarded! VoIP! systems,! for! instance! the! AES<256! encrypted! Skype! algorithm! in! 2010,!which! demonstrated!

that!even!strongly!protected!VoIP!systems!are!vulnerable!against!intruders!and!need!constant!security!forti<

fication!(Badach,!2007;!Der!Spiegel,!2010).!!

2.5. The!First!Wave!of!VoIP!

In!a!nutshell,!not!only!was!VoIP!capable!of!providing!value<adding!functions!beyond!the!regular!exchange!of!

voice!signals!but! it!also!offered!significant!cost! saving!potential.!Quality!and! reliability!problems!as!well!as!

lack!of!access!to!emergency!services!were!serious!drawbacks!VoIP!suffered!from,!but!technological!progress!

was!likely!to!mitigate!those!in!the!short!to!middle!term.!The!innovation!of!VoIP!induced!change!in!the!tele<

communication!industry!and!laid!the!ground!for!new!business!models.!!

2.5.1. Business!Models!in!2004!

At!the!very!core!of!their!business!rationale,!all!telephony!operators!serve!the!same!purpose,!namely!provid<

ing!the!customers!with!the!possibility!of!talking!with!other!people!over!distance.!Despite!the!fact!that!a!de<

tailed!examination!would!reveal!that!countless!different!models!existed!how!the!telecommunication!opera<

tors!generated!value!for!their!customers,!most!of!operators!in!2004!can!be!described!by!one!of!the!following!

five!provider!types14:!

Incumbent,Operators:,

(I) PSTN,Operators:,The!fixed!telephone!network!was!mainly!controlled!by!former!state<owned!monopo<

lists!that!provided!classic!telephony!services!with!a!high!degree!of!quality!and!reliability.!Often,!their!product!

portfolio!also!included!high<speed!internet!access!(DSL).!Examples:!AT&T,!Deutsche!Telekom!(c.f.!Sadowski!&!

Straathof,!2005;!Sietmann,!2009)!

(II) Mobile,Telephony,Operators:!The!second! type!of!operator!provided! telephony!services! through!GSM!

based!cellular!networks!that!were!interconnected!with!the!PSTN.!In!terms!of!cost,!signal!quality!and!reliabil<

ity,!mobile!telephony!was!inferior!to!PSTN.!The!mobility!aspect!was!what!customer!valued!about!this!type!of!

telephony.!Examples:!China!Mobile,!Vodafone,!América!Móvil!(c.f.!Bell,!2008;!Sadowski!&!Straathof,!2005)!

VoIPZbased,Telephony,Operators:,

(III) Internet,Service,Providers,(ISPs):,Many!ISPs!turned!into!telephony!operators!as!VoIP!technologies!ma<

tured.!For!them,!internet!telephony!was!a!welcome!additional!revenue!stream!that!was!realizable!at!margin<

al!costs.!A!customer!base!upon!which!the!ISPs!could!rely!already!existed!and!only!needed!being!leveraged.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
14!Many!telecommunication!providers!are!vertically!integrated!companies!for!which!concrete!companies!may!be!de<
scribed!by!more!than!one!of!the!presented!types!of!operators.!This!applies!also!for!the!companies!that!were!chosen!as!
examples.!With!separate!business!units!they!simultaneously!engage!in!the!market!with!more!than!one!operator!model.!
Hence,!although!the!companies!were!assigned!to!the!categories!according!to!the!value!propositions!they!primarily!are!
known!for,!specific!business!units!of!the!companies!may!better!fit!the!description!of!one!of!the!other!operator!models.!!
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Upfront!investments!were!relatively!low!as!the!necessary!network!infrastructure!was!already!installed!except!

for!IP/PSTN!gateways!that!were!necessary!to!pass!the!calls!from!the!IP!network!to!the!PSTN!and!vice!versa.!

Examples:!Cablecom!UPC,!Tiscali!(c.f.!Deloitte,!2005;!Oliver!Wyman,!2004)!

(IV) OverZTheZTop, (OTT)15,VoIP2PSTN:!To!customers!who!already!had!an! internet! service!provider!yet!an<

other!business!model!was!offered.!All! customers!had! to!do!was! to! connect! the!VoIP!device! they! received!

from!their!VoIP!operator!to!their!already!working!internet!connection.!The!device!then!registered!the!user’s!

current!IP!address!with!the!VoIP!provider,!so!that!in!case!of!an!incoming!call!the!provider!knew!where!to!the!

call!should!be!routed.! In!case!of!an!outgoing!call,! the!call!was!either!passed!onto!the!PSTN!network!at!the!

operator’s!facilities,!or,!in!case!of!an!on<net!call,!directly!routed!to!the!IP!address!of!the!callee!(c.f.!Figure!11).!!

Operator!model!IV!only!differs!from!the!previous!one!in!the!fact!that!the!company!that!provides!the!internet!

access! is!not! the! same!as! the!one! that!provides! the! telephony! service.! The! inner!workings!of! this! service,!

however,!are!identical.!!

The!VoIP!devices!that!were!deployed!mostly!had!the!same!appearance!as!classic!PSTN!phones.!Residential!

customers!often!used!dedicated!VoIP!phones,!or!a!traditional!PSTN!phone!with!an!ATA!adaptor.!Because!the!

user!experience!did!not!change!–!the!devices!still!looked!the!same!and!had!the!classic!number!pad!for!dial<

ling!–!probably!99%!of!the!customers!did!not!even!know!that!they!were!actually!using!a!VoIP<based!telepho<

ny!solution.!In!corporate!telephony,!VoIP<capable!PBX!(IP<PBX)!or!VoIP!supporting!computer!software!were!

implemented.!!

Given!the!similarity!to!classic!telephony,!for!customers!who!had!a!free!choice!between!internet!and!telepho<

ny!provider16,! the!business!models! (III)!and!(IV)!were! in!direct!competition!with!the!PSTN!telephony!of!the!

incumbents,! and! the! main! differentiator! of! these! VoIP! business! models! was! price.! Examples! of! OTT!

VoIP2PSTN! operators:! Vonage,! MagicJack! (c.f.! Jackson,! Shorter,! &! Forcht,! 2009;! Landgrebe,! 2006;! Oliver!

Wyman,!2004)!

(V) OTT,VoIP2VoIP:,In!contrast!to!the!aforementioned!business!models,!the!primary!objective!of!operator!

type! (V)!was! to! enable! telephony! amongst! internet! users.!Often,! a! software!programme!was! deployed! as!

VoIP!client.!At!first,!many!of!these!networks!even!lacked!interoperability!with!the!PSTN.!With!this!limitation!

this!type!of!business!model!was!hardly!a!substitute!for!classic!telephony,!as!people!that!were!not!part!of!the!

same!VoIP!network!could!not!be!reached.!In!addition,!if!the!users!switched!off!their!computer!on!which!the!

software!application!was!running!they!no!longer!could!be!reached.!Only!later,!these!two!problems!were!mit<

igated! to!a! certain!degree.!Some!of! the!operators! launched!stand<alone!phones! that!made!a!permanently!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
15!Over<the<top!(OTT)!refers!to!a!situation!where!a!service!(e.g.!VoIP)!is!provided!by!a!different!company!than!the!one!
that!provides!the!internet!access.!Skype,!for!example,!is!a!typical!example!of!an!OTT!provider,!as!the!company!uses!an!
existing!internet!connection!for!its!VoIP!service!but!does!not!provide!the!internet!access!itself.!!
16!In!many!countries!many!internet!providers!required!their!customers!to!also!have!a!telephony!subscription,!for!which!
customers!could!not!freely!choose!between!independent!providers!for!both!services.!
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running!computer!dispensable.!Others!also!started!offering!paid<for!in<!and!outbound!calls!from!and!to!the!

PSTN17!network.!!

In!terms!of!usability,!reliability,!and!quality!OTT!VoIP2VoIP!operators!could!not!compete!with!the!offerings!of!

the! other! presented! types! of! operators.! The! business!model! found! its! application! in! isolated! groups! (so<

called!“communities”)!where!all!relevant!people!used!the!same!software,!for!instance!internally!in!company!

networks,!or!within!social!groups.!As!this!model!was!not!a!viable!telephone!substitute!for!most!people,!they!

continued!to!also!use!phones!with!PSTN!access!for!everyday!use.!For!sporadic!international!calls,!however,!

many!people!decided!to!benefit!from!the!low!rates!this!kind!of!operator!offered.!!

As!their!share!in!the!market!for!international!calls!grew,!the!PSTN!interconnection!fees!became!an!important!

source!of!cash!for!this!kind!of!operator.!Traditionally,!however,!revenue!streams!were!mainly!generated!with!

premium! functions,! such!as! group! calls! or! video! telephony! services,! or! fees! for! support!or! advertisement.!

Examples:,MSN!Messenger,,ICQ,!Skype,!Later:!Google!Talk,!Lync!(c.f.!Henkel,!2008;!Hensel!&!Wirsam,!2008;!

Landgrebe,!2006;!Rao,!Angelov,!&!Nov,!2007)!

2.5.2. Expected!Diffusion!Process!Around!2004D2006!

With!the!many!advantages!inherent!to!VoIP!and!a!wide!variety!of!business!models!in!place!capable!of!deliv<

ering!them,!many!experts!shared!the!view!that!VoIP!would!have!a!long!lasting!impact!on!the!industry.!Some!

even!attested!revolutionary!potential!to!the!technology.!Much!indicated!that!the!diffusion!of!VoIP!would!fol<

low!the!classic!pattern!that!was!introduced!in!chapter!2.2!and!that!the!business!model!of!PSTN!incumbents!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
17!E.g.!Skype!launched!its!SkypeOut!service!that!allows!for!PSTN!calls!only!in!2004,!two!years!after!the!company’s!foun<
dation!(Hines,!2004)!

Figure,12:,The,First,Wave,of,VoIP,as,Expected,in,2004.,,

Source:,Own,illustration.,
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would!soon!be!substituted!(c.f.!Winkelhage,!2005).!The!life!cycles!of!the!PSTN!and!VoIP!business!models!and!

the!process!by!which!they!substitute!each!other!are!depicted! in!Figure!12!and!explicated!below!(c.f.!Clark,!

2004;!Winkelhage,!2004;!Kapustka,!2004;!NAIRSC,!2004;!Franke,!Hannemann,!Kietzmann,!&!Lehmkuhl,!2005).!!

Stage,I,/,Past:,The!first!stage!comprises!all!events!since!the!invention!of!the!phone!that!made!PSTN!what!it!

was!in!2004;!the!doubtlessly!dominating!and!most!reliable!network!for!voice!telecommunication!(see!2.3!for!

a!recapitulation!of!the!PSTN!history).!!

Stage,II,/,ShortZTerm,Evolution:,Although!VoIP!had!its!roots!in!the!1990s!the!first!serious!commercial!VoIP!

ventures!entered!the!market!place!after!the!turn!of!the!millennium.!Much!suggested!that!VoIP!was!a!text<

book!example!of!a!disruptive!innovation!(c.f.!chapter!2.2.1!for!a!review!of!DI)!with!the!potential!of!giving!a!

good! shake! to! the! industry! incumbents.! At! the! beginning,! VoIP! was! clearly! inferior! to! PSTN,! which! was!

caused!by!a!range!of!factors:!Quality!and!reliability!issues,!interoperability!problems!with!the!prevalent!PSTN!

network!and!a!limited!range!of!capable!devices,!to!cite!only!a!few!drawbacks!(refer!to!chapter!2.4!for!a!more!

detailed!comparison!between!PSTN!and!VoIP).!Yet,!experts!agreed!that!its!performance!would!take!off!once!

improvements!in!VoIP!technology!and!the!underlying!internet!infrastructure!would!solve!the!initial!teething!

problems.!!

Qualitatively!on!a!par,! cost<wise!advantageous,!and!clearly! superior! in! terms!of! features,!VoIP!was!consid<

ered!likely!to!even!outperform!PSTN!in!the!medium!term,!causing!thereby!a!customer!migration!towards!the!

new!VoIP<based!business!models.! In!Germany,! for! instance,!at!the!end!of!2005!already!10%!of!the!citizens!

used!VoIP,!and!30%!stated!that!they!would!switch!to!it!if!the!quality!of!VoIP!matched!or!exceeded!the!one!of!

PSTN!(Henkel,!2009;!Oliver!Wyman,!2004).!Directly!affected!by!the!change,!the!incumbent!monopolists!such!

as!Deutsche!Telekom,!British!Telecom,!or! France!Télécom!were!expected! to! see! their! revenues!decline!by!

billions!of!euros!(Deloitte,!2005;!Winkelhage,!2005).!As!Deloitte!(2005)!put!it:!“The!substitution!of!their![the!

incumbents]!products!through!VoIP!is!not!a!scenario!of!the!future,!but!has!already!begun.”!

Stage, III:,MediumZterm,Outlook:,By!2008,! the!quality!of!VoIP!was!expected! to!have!surpassed! the!one!of!

PSTN,! fuelling! the! irreversible! shift! from!PSTN! to!VoIP<based!business!models.!Market!analyses! forecasted!

strong!growth!for!VoIP!(c.f.!Deloitte,!2005;!Gartner,!2003;!Oliver!Wyman,!2004),! in!particular!for!corporate!

telephony:!“Any!company!would!be!negligent!not!to!consider!utilizing!VoIP!technologies!in!their!business”,!as!

Jackson,!Shorter,!and!Forcht!(2009,!p.!107)!observe.!On!the!question!how!fast!VoIP!would!become!the!lead<

ing!standard!in!the!market!forecasts!provided!varying!answers.!In!Landgrebe’s!(2006)!outlook,!for!instance,!a!

worldwide!market!penetration!of!12%!in!2009!and!a!30%!penetration!of!all!European!households!in!2010!are!

envisioned.!By!2020,!he!believed!VoIP!to!have!entirely!replaced!PSTN.!Gartner!Dataquest!assumed!an!even!

stronger!growth,!with!more!than!half!of!the!industry’s!revenues!in!2010!generated!by!VoIP!telephony!(Gart<

ner!Dataquest! as! cited! by!Oliver!Wyman,! 2004).! The! figures! are! not! directly! comparable! because!Gartner!

Dataquest’s!numbers!also! include!business!telephony,!while!Landgrebe!only!forecasted!residential!VoIP!us<
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age.!Notwithstanding,! the!pictures!the!medium<term!outlooks!drew!at! the!time!are!unequivocal:!VoIP!was!

likely!to!gradually!replace!PSTN!and!the!market!shares!of!the!incumbents!were!prone!to!decline!(c.f.!Gartner,!

2003;!Sadowski!&!Straathof,!2005).!

Stage,IV:,LongZterm,Perspective:,The!last!stage!in!the!S<Curve!Adoption!Model!depicts!the!decline!and!sub<

stitution!of!an!innovation!by!a!superior!one.!It!is!the!stage!that!completes!the!life!cycle!of!every!innovation.!

VoIP!will!be!challenged!in!its!leading!role!for!voice!transmissions!when!alternatives!arise!that!outperform!it.!

This,!for!instance,!could!take!place!when!the!network!on!which!VoIP!is!based!–!the!internet!–!comes!to!the!

end!of!its!life!cycle!and!is!replaced!by!an!even!more!advanced!network!(c.f.!Virgo!Publishing,!2006).!Stage!IV!

is!mentioned!here!for!providing!a!complete!picture!of!the!life!cycle!of!VoIP.!Yet,!as!the!substitution!of!VoIP!is!

not!the!object!of!investigation!of!this!paper!and!will!most!likely!not!happen!anytime!soon!either,!Stage!IV!will!

not!be!tackled!anymore!in!the!following!chapters.!

2.6. Look!Through!the!Rear!Mirror:!VoIP!1.0!a!Revolution?!

Headlines!in!the!years!2007/08!that!read!“VoIP!is!Dead”!(Skype!General!Manager!Jonathan!Christensen)!or!

“Who!Killed!the!VoIP!Revolution?”!(Bloomberg!BusinessWeek)!indicate!that!not!everything!went!as!predicted!

(Bell,!2008;!Dinan,!2008).!The!website!myVoipProvider!reports!that!between!June!2005!and!October!2007!as!

many!as!256!VoIP!enterprises!ceased!their!operations!and!a!look!into!the!industry!revealed!that!the!incum<

bent!PSTN!operators!were! still! the!most!dominant!players! (Bell,! 2008;!myVoipProvider,!2009).! This!disillu<

sioning!picture!is!rather!surprising,!given!the!enthusiasm!that!accompanied!VoIP!in!the!first!place.!What!had!

happened!to!the!proclaimed!“revolution”?!The!S<Curve!Adoption!Model!serves!to!answer!this!question.!

The!upper!part!of! the!model!visualizes! the!substitution!process!of!an! innovation.!Accordingly,! in!Figure!12!

the!substitution!process!of!PSTN!through!VoIP!is!depicted!and!the!chart!implicitly!suggests!that!VoIP!assumes!

the!decrease!of!PSTN.!As!VoIP!has!not!released!the!revolutionary!potential!it!has!been!conceded,!this!part!of!

the!model!must!look!different!than!anticipated.!Yet,!the!upper!part!only!displays!the!consequences!that!arise!

from!the!lower!part!of!the!model,!which!compares!the!performance!of!competing! innovations.!Hence,! it! is!

there!where!the!reasons!can!be!found!why!VoIP!did!not!took!off!as!has!been!proclaimed.!In!essence,!three!

factors!that!hereafter!will!be!examined!may!be!identified!that!changed!the!diffusion!process!of!VoIP!in!the!

course!of!2001<201018.!

2.6.1. Competing!Revolution:!Mobile!Telephony!

In!most!developed!countries!fixed!telephony!peaked!around!the!year!200019!and!was!then!gradually!substi<

tuted.!As!Figure!12!suggests,!the!innovation!that!was!expected!to!replace!PSTN!was!VoIP.!Mobile!telephony!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
18!For!a!complete!understanding!of!the!implications!of!the!first!aspect!that!is!presented!(chap.!2.6.1),!the!Y<axis!of!the!
upper!part!of! the!model! is!of!crucial! importance.!The!reader! therefore! is!offered!a!more!thorough!description!of! the!
ordinate!in!Exhibit!3.!
19!1997<99:!AT,!FI,!JP,!NO,!SW;!2000<01:!BE,!CA,!DK,!IT,!UK,!NL,!US;!2002<10:!CH,!DE,!FR,!SP,!PO!(Suko,!2011)!
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was!not!considered!to!be!a!substitute,!as! to! that!point!user! trends! indicated!that!mobile! telephony!would!

complement!PSTN,!rather!than!substitute! it.!At!home!or!work!people!were!expected!to!use!a!fixed!phone,!

while!on!the!road!they!would!rely!on!the!more!expensive!and!unreliable!mobile!telephony.!The!U.K.!Office!of!

Telecommunications!(OFTEL,!2001,!p.!41)!holds:!“The!advent!of!the!mobile![phone]!has,!to!a!significant!de<

gree,!expanded!the!market!for!making!calls,!rather!than!substituting!for!fixed!calls,!implying!that!a!large!ma<

jority!of!mobile!calls!are!complementary!to!fixed!calls.”!The!development!of!user!numbers!of!fixed!and!mo<

bile!telephony!until!2000!supported!this!view.!Although!the!number!of!mobile!telephony!users!exploded!and!

in! some!countries!even!already!exceeded! the!number!of! fix<net! subscribers,!also! the!number!of! the! latter!

was!still!constantly!growing,!and!not!decreasing.!(Gruber!&!Verboven,!2001;!SUKO,!2011)!

During!the!first!decade!of!the!new!millennium,!however,!prices!for!mobile!telephony!dropped,!reliability!of!

the!networks! increased!and!the!number!of!people!using!mobile!telephony!skyrocketed.!Especially!for!price!

sensitive!users!and!one<person!households!mobile!phones!became!an!alternative!and!many!decided!to!no!

longer!keep!a!fixed!telephone!at!home.!In!Switzerland,!between!2001!and!2010!mobile!telephones!replaced!

ca.!17%!of!all!residential!fixed!telephones!(Anthony,!&!Roth,!2001;!Bell,!2008;!Christensen,!SUKO,!2011).!!

This!fact!explains!why!the!first!wave!of!VoIP<based!business!models!could!not!reach!a!100%!market!satura<

tion!level!anymore:!17%!of!the!former!fixed!telephony!market!had!been!absorbed!by!mobile!telephony.!Still,!

however,!VoIP!could!have!replaced!PSTN!in!the!remaining!83%!of!the!households!that!still!used!fixed!teleph<

!
In!the!S<Curve!Adoption!Model!the!“Relative!Number!of!Adopters”!is!calculated!by!bringing!the!number!of!people!
that!use!one!of!competing!innovations!in!relation!to!the!greatest!number!of!people!that!use!the!first!innovation!in!
the!analysed!timeframe.!Hence,!“Relative!Number!of!Adopters”!in!mathematical!terms!is!a!fraction!and!the!denom<
inator!is!given!by!the!absolute!number!of!adopters!of!the!first!innovation!that!use!it!at!the!peak!of!its!life!cycle.!In!
the!nominator!stands!the!number!of!people!using!one!of!the!competing!innovations!at!a!given!point!in!time.!In!the!
case!presented!in!Figure!12,!the!denominator!is!the!maximum!number!of!people!that!adopt!PSTN,!and!the!nomina<
tor!is!the!number!of!people!that!use!either!PSTN!or!VoIP!at!a!given!point!in!time.!!
The!upper!part!of!Figure!12!shows!how!adopters!switch!over!from!PSTN!to!VoIP!over!time.!Strictly!speaking,!the!
chart!is!not!entirely!correct!as!it!falls!short!of!taking!into!account!two!things.!First,!over!time!population!usually!
grows.!Secondly,!the!performance!enhancement!of!new!innovations!is!likely!to!turn!a!certain!number!of!people!that!
were!reluctant!to!adopt!the!first!innovation!into!users.!For!these!two!reasons,!the!market!saturation!level!of!later!
innovations!is!likely!to!be!greater!than!the!market!saturation!level!of!the!first!innovation.!As!the!market!saturation!
level!is!nothing!else!than!the!denominator!of!“Relative!Number!of!Adopters”,!the!market!saturation!level!of!a!later!
innovation!is!therefore!likely!to!exceed!100%,!for!which!the!market!saturation!level!line!should!actually!have!a!posi<
tive!slope.!!
As!it!is!not!the!goal,!however,!to!compare!the!relative!market!sizes!for!competing!innovations!but!to!show!how!in<
novations!substitute!one!another,!market!growth!would!distort!the!picture,!as!the!curves!would!no!longer!be!com<
parable.!For!this!reason,!market!growth!(or!decline)!has!been!disregarded!which!results!in!the!constant!market!satu<
ration!level!line.!The!upper!part!of!the!S<Curve!Adoption!Model!hence!answers!the!question:!“After,the,number,of,
people,using,the,first,innovation,peaks,,to,what,percentage,will,this,innovation,be,substituted,by,a,outperformZ
ing,one,at,a,given,point,in,time?”,In!the!case!of!Figure!12,!the!upper!part!of!the!model!answers!the!question:!“AfZ
ter,the,number,of,PSTN,subscribers,peaks,,to,what,percentage,will,fixed,PSTN,telephony,be,replaced,by,another,,
outperforming,innovation,(e.g.,VoIP),at,a,given,point,in,time,(e.g.,2005)?”!
!

Exhibit,3:,The,"Relative,Number,of,Adopters",
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ony.! Figures! spoke! a! different! language,! though.! In! 2010,! out! of! those! 83%! only!meagre! 6%! of! the! Swiss!

households! used! a!VoIP!phone.! Including! corporate! telephony,!VoIP!only! accounted! for! about! 10%!of! the!

total!fixed!telephony!(BAKOM,!2009;!SUKO,!2011).!In!Germany,!the!number!was!higher!with!22%!but!it!still!

fell!short!of!the!expectations!made!in!2004!(Bundesnetzagentur,!2011).!!

2.6.2. Upshift!of!PSTNDCurve:!There's!Life!in!the!Old!Dog!Yet!

Another! reason!why! less!people! than!expected!decided! to! switch! to!VoIP! is!provided!by!an!upshift!of! the!

PSTN!performance!curve,!which!prolonged!the! life!cycle!of! the!PSTN!network.!Around!2001!the!PSTN!net<

work!was!believed!to!have!come!to!its!maturity!in!terms!of!performance.!Little!room!for!progress!was!con<

ceded! to! the! network! due! to! the! fact! that! its! infrastructure!was! known! to! be! costly! and! less! flexible! for!

changes! than! VoIP.! In! Figure! 12! a! stagnating! PSTN<performance<curve! reflects! this! fact.! PSTN! subscribers!

were!expected!to!gradually!switch!to!the!improving!VoIP!solutions.!However,! it!came!different:! It!was!VoIP!

that!breathed!new!life!into!the!legacy!PSTN!network.!

As!VoIP! technology!progressed,! incumbent!operators! soon!adopted!VoIP! in! their!backbone! (c.f.! Figure!11)!

and!turned!it! into!a!Next!Generation!Network!(NGN).!NGNs!are!networks!that!allow!to!telecommunication!

providers!to!offer!any!telecommunication!service!(e.g.!telephony,!radio,! internet!or!television)!through!one!

combined!physical!network!with!a!high!degree!of!quality!and!reliability! (QoS).!Hence,!while!conventionally!

services!have!been!transported!through!purposely<built!and!dedicated!networks,!on!NGNs!service!functions!

are!completely!decoupled!from!the!underlying!transport!technologies!and!voice!is!only!one!service!amongst!

others!that!is!transported!through!the!network.!(Obermann!&!Horneffer,!2009;!Sietmann,!2009)!

For!end<customers! this!alteration! remained!unnoticed,!as! they!continued! to!be!connected! to! the! local!ex<

changes! through! the! same!PSTN!subscriber! line.!Only!at! the! local!exchange,! the!way! their! call!was! routed!

onward!radically!changed.!Had!calls!before!been!passed!through!the!hierarchical!levels!of!the!PSTN!backbone!

until!a!common!node!with!the!callee!was!found,!they!after!the!modernization!were!directly!routed!over!the!

internet!to!the!local!exchange!of!the!callee,!leaving!out!the!higher!levels!of!the!PSTN!hierarchy!(Henkel,!2009;!

Sietmann,!2009).!

Changing! to!backbone<VoIP!not!only!enabled! the! incumbent! telecommunication!operators! to! reduce! their!

infrastructure,!but! it!also!granted!them!to!add!new!services!more!flexibly! than!with!the! legacy!PSTN!back<

bone.!For! instance,!the!new!IP! infrastructure!helped!the!incumbent!PSTN!operators!to!retain!corporate!cli<

ents! that!switched!their!PSTN!telecommunication! infrastructure! to!an! IP<based!system!because! the!opera<

tors!could!connect!IP<based!PBXs!directly!to!the!IP!backbones!(“SIP!trunking”;!c.f.!Fischer,!2008).!The!mod<

ernized!backbone!also!opened!new!markets! to! the! incumbents,! such!as! the! leasing!business!of! IP<PBXs! to!

companies.!(Badach,!2007;!Landgrebe,!2006;!T<Systems,!2007;!Virgo!Publishing,!2006)!



!

General!Theoretical!Section!<!Look!Through!the!Rear!Mirror:!VoIP!1.0!a!Revolution?! Version:!24/04/2012!
Voice!over!IP!2.0!<!An!Analysis!of!Potential!and!Limits!of!IP2IP!Telecommunication! Benjamin!Harder!

37!
The!enhancement!of!the!backbone!had!a!strong!impact!on!the!cost!figures!of!the!incumbents.!British!Tele<

com,! for! instance,!was!estimated! to! save!up! to!43%!of! its! cost!due! to! the!network! improvement! (Henkel,!

2009).!!

Concluding!this!chapter,!the!performance!curve!of!PSTN!shifted!up,!because!implementing!VoIP!in!the!back<

bone!of!the!PSTN!incumbents! lowered!costs!for!them!and!permitted!them!to!offer!additional!features! in!a!

flexible!way,!which! previously! only! had!been!possible! for!VoIP! operators.! Therefore,! the! life! cycles! of! the!

PSTN<based!business!models!were!prolonged,!and!the!shift!to!VoIP!was!delayed.!

2.6.3. Downshift!of!VoIPDCurve:!Inability!to!Deliver!Value!

Not!only!did!the!performance!enhancement!of!the!PSTN!network!and!the!shift!towards!mobile!telephony!cut!

into!the!substitution!potential!of!VoIP<based!business!models20,!various!aspects!also!resulted!in!a!lower!VoIP!

performance!than!was!anticipated.!The!attributes!of!innovations!that!were!introduced!in!chapter!2.2.2!shed!

light!on!this!downshift!of!the!VoIP<performance!curve.!

Compatibility:! The! telephone! functionalities! offered! by! the! PSTN! incumbents! satisfied! the! needs! of!most!

customers.!Therefore,!they!had!no!imminent!need!to!switch!to!a!VoIP!provider!that!offered!more!features.!

Plus,!most!customers!had!had!the!same!provider!for!a! long!time,!as!historically!monopolists!controlled!the!

telecommunications! industry.! VoIP! start<ups! therefore! first! had! to! find! a!way! to! break! the! strong! ties! be<

tween!the! incumbents!and!their!customers.!Many!of!the!VoIP!providers!did!not!make! it!past!this!step,!be<

cause!oftentimes! customers! valued! the! tested,! trusted! and!working! relation!with! the! incumbent!operator!

more!than!saving!few!dollars!per!month.!Also,!many!customers!did!not!change,!as!their!potential!benefit!was!

not!great!enough!to!compensate!for!the!efforts!and!risks!that!were!connected!with!leaving!the!incumbent.!

Those!VoIP!operators!who!made!it!past!this!step!and!successfully!convinced!customers!to!change!then!had!to!

find!a!way! to!protect! their!business!model!against!other!VoIP!providers.!Also! in! this! step,!many! failed!be<

cause!of!the!low!entry!barriers!for!other!VoIP!operators,!and!because!those!customers!switched!to!VoIP!op<

erators!were!price!sensitive!and!prone!to!change!again.!!

For!companies!that!already!had!a!customer!base!–!a!description!that!mainly!applies!to!ISPs!–!it!was!easier!to!

launch!VoIP!services!than!for!operators!that!had!to!start!from!scratch.! In!many!countries,!however,!the! in<

cumbent!PSTN!operators!did!not!suffer! fierce!competition!from!ISPs,!as!the! incumbents!themselves!where!

the! largest!DSL!providers21.!Oftentimes,! the! incumbents!only!offered!DSL! in!combination!with!a! telephony!

contract.!Thus,!if!a!customer!wanted!to!change!the!telephony!operator,!he!or!she!also!had!to!look!for!a!new!

DSL!provider.!For!saving!that!trouble,!many!people!did!not!switch.!Only!since!2001!and!2007,!in!Germany!and!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
20!VoIP<based!business!model!here!refers!to!telephony!where!the!device!of!the!end<user!is!based!on!VoIP!technology.!
Hence,!telephony!where!the!subscriber!line!is!based!on!PSTN!but!the!backbone!on!VoIP!does!not!fall!under!this!catego<
ry,!as!the!end<user!does!not!use!a!VoIP!device!but!a!traditional!PSTN!phone.!!
21!For!instance,!the!largest!PSTN!incumbents!of!Switzerland!and!Germany!are!Swisscom!and!Deutsche!Telekom,!respec<
tively,!which!at!the!same!time!are!the!largest!DSL!operators.!!
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Switzerland,!respectively,!the!regulator!requires!the!incumbents!to!also!offer!DSL!without!telephony!service!

(so<called! “unbundled! access”! or! “naked!DSL”).! (BAKOM,! 2007;! CallMagazin,! 2001;! Pourasghar!&!Hermes,!

2006)!

Besides! time! effort! and! inconveniencies,! switching! to! smaller! ISPs!with! a! VoIP! bundle! had! another! disad<

vantage!for!customers.!As!the!backbones!of!the!PSTN!networks!gradually!were!modernized!to!NGNs,!the!in<

cumbents! started! to!offer! free!on<net! calls.!Because! the!majority!of! the!people! remained!with! the! incum<

bents,!those!who!did!switch!away!faced!increased!costs!to!call! those!who!had!remained,!as!they!were!not!

part!of!the!same!network!anymore.!(Bell,!2008;!Gurov,!2005;!Swisscom,!2011a).!!

Relative, Advantage:!More! flexibility! allowing! for!more! features!was!mentioned! as! one! of! the! central! ad<

vantages!of!VoIP! (c.f.! chapter!2.4.2).!Most! residential! customers,!however,!did!not!have!use! for! fancy! fea<

tures!such!as!group!calls!or!follow<me!functions,!did!not!have!the!appropriate!devices!that!supported!func<

tions!such!as!video<telephony,!or!did!not!have!the!knowledge!of!how!to!use!it.!Therefore,!for!many!custom<

ers! the!only!differentiator!between! the!offerings!was!price,!not! features.! The! cost<advantages! inherent! to!

VoIP!business!models!were,!however,!eradicated!by!the!above<mentioned!PSTN<backbone!enhancement.!In!

addition,!the!fact!that!most!VoIP!providers!built!their!own!proprietary!networks!also!prevented!VoIP!to!en<

tirely!release!its!cost<saving!potential;!many!VoIP!operators!did!not!or!could!not!interconnect!their!network!

with!other!VoIP!providers,!and!did!neither!support!common!concepts!such!as!the!ENUM,!for!which!calls!were!

still!routed!through!the!fee<based!PSTN!network,!yielding!no!cost!advantage!for!the!end<users!compared!to!

PSTN!(Bell,!2008;!Wallingford,!2005;!von!Bomhard,!2006).!For!example,!still!today!Skype!charges!a!customer!

that!dials!a!PSTN!number,!even!if!it!ultimately!belongs!to!a!VoIP!device.!Because!Skype!does!not!interoperate!

with!other!VoIP!protocols,!the!program!fails!to!establish!a!(theoretically!possible)!direct!internet!connection!

and!needs!to!route!the!call!through!the!fee<based!PSTN!network.!!

Complexity:!For!businesses!switching!from!a!PSTN<based!telephony!infrastructure!to!a!VoIP<enabled!system!

oftentimes!not!only!is!costly,!but!also!a!difficult!process.!Due!to!the!complexity!of!the!PSTN!network!architec<

ture!that! interconnects!multiple!systems!across!many!interfaces,!changing!the!entire!infrastructure!at!once!

rarely!is!a!feasible!option.!Rather,!certain!elements!of!the!architecture!are!gradually!migrated!to!an!IP<based!

solution!(Christensen,!Anthony,!&!Roth,!2001).!Thus,! it!should!not!surprise!that!a!“revolution”!failed!to!ap<

pear!in!the!corporate!telephony!market.!Notwithstanding,!in!2007!already!two<thirds!of!all!PBX!shipped!were!

VoIP!rather!than!PSTN<based,!and!VoIP!penetration!among!US!business!is!expected!to!increase!from!42%!in!

2007!to!79%!in!2013!(Pan,!2010).!

Trialability:!Many!software<based!VoIP!operators!provided!their!software!applications!free!to!download!and!

their!services!on!a!pre<paid!basis.!Due!to!the!low!cost!for!trying!this!kind!of!VoIP,!trialability!was!high.!Yet,!

the! viability! to! substitute! the!PSTN!phone! suffered! from! the! fact! that! such! software<based!VoIP! client! re<

quired!a!permanently!switched!on!computer.!Those!VoIP!providers!that!used!hardware!VoIP!clients,!for! in<
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stance!a!VoIP<phone,!an!ATA!adaptor!or!an!IP<PBX,!in!contrast,!required!an!upfront!investment.!Thus,!triala<

bility!was!lower!and!only!customers!with!a!high!involvement!decided!to!commit!themselves!to!such!up<front!

investment.!Hence,!in!terms!of!trialability!VoIP!did!not!have!a!clear!advantage!over!PSTN,!which!contributed!

to!the!fact!that!the!VoIP!and!PSTN!performance!curves!were!closer!together!than!expected.!!

Observability:!Residential!users!hardly!learnt!about!the!advantages!of!VoIP!from!their!peers.!First,!even!if!a!

person!occasionally!used!the!VoIP!phone!of!a!peer,!he!or!she!would!probably!not!even!have!noticed!that!it!

was!a!VoIP!phone,!as! it!still!had!the!same!appearance!as!a!classic!PSTN!telephone.!Secondly,! the!main!ad<

vantage!of!VoIP!was!lower!costs.!These!costs,!however,!were!only!observable!on!the!phone!bill!at!the!end!of!

the!month.!As!usually!only!the!person!who!has!to!pay!the!bill!notices!the!cost!reduction,!and!telephone!costs!

neither!are!a!topic!that!usually!dominates!discussions!in!social!settings,!people!did!not!learn!from!each!other!

about!VoIP.!Hence,!in!terms!of!observability!VoIP!did!not!excel!PSTN!in!the!area!of!residential!telephony.!In!

business!telephony,!were!costs!are!analysed!by!various!people!and!business!units!are!benchmarked!against!

each!other!a!clear!pressure!exists!to!reduce!costs!of!any!kind.!Therefore,!the!observability!of!the!impact!of!

VoIP!was!higher,!which!is!one!of!the!reasons!why!VoIP!found!wider!implementation!in!companies.!!

2.6.4. Effective!Impact!of!VoIP!from!2000D2010!

Summarizing!the!points!above,!VoIP!and!PSTN<based!business!models!in!terms!of!performance!were!closer!

together!than!was!expected.!On!the!one!hand,!the!PSTN!curve!shifted!up,!because!the!incumbent!operators!

took!advantage!of!VoIP!and!modernized! their!backbone.!On! the!other!hand,! the!VoIP!curve!shifted!down,!

because!customers!frequently!failed!to!see!the!value!that!switching!to!a!VoIP!provider!could!bring!for!them.!

Finally,!VoIP!also!had!a!hard!stand!in!establishing!itself!on!the!market,!because!fixed!telephony!increasingly!

became!substituted!through!the!mobile!phone.!

Does!this!mean!the!“VoIP!Revolution”!did!not!take!place?!The!answer!is!yes,!with!a!little!bit!of!no.!In!corpo<

rate!telephony,!many!of!the!large!enterprises!indeed!did!switch!to!VoIP.!Yet,!the!modernization!of!the!corpo<

rate!infrastructure!occurred!more!incrementally!than!revolutionary.!In!residential!telephony,!the!impact!was!

lower!as!PSTN!incumbents!could!successfully!compete!with!the!aspects!customers!valued:!price,!quality!and!

reliability.!Thus,!for!the!end<customers!VoIP<based!business!models!did!not!greatly!revolutionize!telephony.!

For! incumbent! telecommunication! operators,! however,! VoIP! revolutionized! their! PSTN! backbone! and! re<

duced!costs! tremendously.!The!provocative!statement!“VoIP! is!dead!”!can!be! interpreted! in!such!way!that!

VoIP<based!business!models!had!failed!to!overthrow!the!incumbents,!but!instead!had!been!beaten!by!their!

own!technology!(Bell,!2008).!!

In!conclusion,!rather!than!shifting!customers!away,!VoIP!helped!the!incumbents!to!fortify!their!position!and!

to!prolong!the!life!cycle!of!PSTN.!As!their!business!model!was!enhanced!rather!than!overthrown,!VoIP!can!in!

fact!be! considered!as!a! sustaining! rather! than!a!disruptive! innovation.! Figure!13!depicts! schematically! the!

substitution!process!of!PSTN!telephony!that!occurred!between!2000!and!2010.!
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2.7. Road!Ahead:!All!over!IP?!

By!the!end!of!the!year!2011,!many!companies!have!switched!to!VoIP,!but!the!majority!of!households!are!still!

connected! to! the! traditional!PSTN!network.!For! them,! telephony!has!become!cheaper!because! the! incum<

bents,! as! reaction! to! the! aggressive! tariff!models! of! the! VoIP! providers,! have! cut! their! prices.! Therefore,!

many!households!have!not! seen!an!advantage! in!changing! to!a!VoIP!provider!but!have! remained!with! the!

incumbent!PSTN!operator.!Hence,!one!might!be!tempted!to!conclude!that!VoIP!–!except!for!the!price!reduc<

tions!it!has!induced!–!has!had!little!effect!on!residential!telephony.!However,!unnoticed!by!most!end<users,!

by!now!the!backbones!of!most!PSTN!operators!have!successively!been!modernized!to!NGN!infrastructures,!

as!has!been!explicated!in!chapter!2.6.!Therefore,!today!the!majority!of!calls!somewhere!in!between!the!caller!

and!the!callee!are!routed!over!the!internet!–!including!those!of!PSTN!customers.!!

In!the!arena!of!mobile!telephony!VoIP!has!had! little!effect!until!2011.!For!the!time!being!the!vast!majority!

(~90%)!of!cellular!calls!is!still!transported!over!non<IP<based!GSM!connections!(GSMA,!2012).!Only!in!seldom!

occasions,!for!instance!expensive!international!calls,!mobile!VoIP!is!used.!Multiple!reasons!exist!why!mobile!

VoIP!has!not!skyrocketed!yet:!Lack!of!awareness,! lack!of!possession!of!a!smart!phone,!short!battery!cycles,!
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1 Contrary to expectations, the performance of the PSTN network increased again when the operators modernized 
the network’s backbone with a VoIP-capable Next Generation Network. The PSTN curve shifted up. Due to several 
reasons, however, the performance of other VoIP business models was lower than was expected. The VoIP curve 
shifted down. In addition, parts of the market perceived mobile telephony superior to fixed telephony and as a 
substitute. Therefore, the mobile telephony performance line is above the VoIP and PSTN performance.  
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The performance advantage of VoIP-based business models was smaller than expected in 2004. Consequently, 
also the rate of adoption was lower than anticipated. In Switzerland, for instance, more PSTN telephony was 
substituted by mobile telephony than by VoIP. 

As a result of the lower rate of VoIP adoption, the life cycle of PSTN was prolonged. The trend towards mobile 
telephony, however, accelerated the decline of PSTN-based business models.  
 

Figure,13:,The,Shift,of,Fixed,Telephony,To,Alternative,Innovations,between,2000,and,2010.,

Source:,Own,illustration.,
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expensive!data!plans!for!mobile!internet,!expensive!international!roaming,!cumbersome!VoIP!software,!low!

voice!quality,!compatibility!issues,!etc.!(Dickson,!2009;!EON,!2011;!Quincent,!2011).!!

Regardless!the!problems!mobile!VoIP!still!has,!internet!telephony!has!taken!the!next!step.!For!the!first!time!

in!history,!VoIP! is!no! longer!only!competing!with!fixed!telephony,!but! it! is!also!capable!of!replacing!the! in<

cumbent!mobile!telephony.!Figure!14!depicts!such!IP!to!IP!(IP2IP)!telecommunication!in!its!purest!form.!That!

a!shift!towards!IP!networks!is!underway!is!not!pure!theory:!“WhatsApp”!is!the!best!example.!When!the!ap<

plication! (“app”)! was! launched,! it! revolutionized! the! texting! market.! The! program! allows! sending! instant!

messages!to!other!WhatsApp!clients.!The!messages!are,!in!contrast!to!SMS,!sent!free!of!charge22.!The!com<

pany!entered!the!market!in!2009,!in!2010!already!more!than!1!million!people!were!using!the!program,!and!

although!no!numbers!have!been!published!for!2011,!estimates!suggest!that!user!counts!go!into!the!tens!of!

millions.!Hence,! in!developed!countries!with!high!smart!phone!penetration! rates,! the! IP<based!app!has! in<

deed!started!to!seriously!cannibalize!the!SMS!market.!(Bradshaw,!2011)!

WhatsApp!is!not!the!only!example!that!stands!for!the!fast!change!that! is!underway.!What!WhatsApp!is!for!

texting,!Viber! is! for!calling.!When!Viber!users!dial!a!PSTN!number,!Viber!verifies!whether! the!conversation!

partner!is!also!registered!with!Viber!and!eventually!establishes!a!VoIP!connection.!The!download!and!usage!

of!Viber!is!entirely!free.!The!application!even!supports!high<definition!video!telephony.!That!also!this!feature!

is!completely!free!of!charge!goes!without!saying!(Tele<Service,!2011).!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
22!The!download!of!the!application! is!not!free,!but!negligibly! inexpensive.!Already!few!text!messages!amortize!the! in<
vestment.!!
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1 The VoIP device of the caller 
requests a connection to the callee, 
upon which the VoIP operators 
exchange the IP addresses of the 
participants.  
 
If all VoIP devices use same 
protocol, a direct connection is 
established without causing further 
traffic on the servers of the VoIP 
operators. 
If a direct connection is not possible, 
e.g. because of firewalls or diverging 
protocols, the call is routed through 
the infrastructure of the VoIP 
operators, where the participants are 
connected with each other.  
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Figure,14:,Example,of,a,Pure,IP2IP,Network,Architecture.,,

Source:,Own,illustration.,
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With!VoIP!capable!of!reaching!out!to!both!fixed!and!mobile!users,!the!question!rises!if!a!second!wave!of!VoIP!

is!about! to! start! that!will! finally! revolutionize! the! industry.!Will!VoIP! finally! replace!classic! telephony?!Will!

people!switch!to!programs!like!Skype!or!Viber!to!make!their!calls?!If!so,!which!program!will!prevail?!Will!te<

lephony!as!a!service!be!free!and!all!users!will!pay!for! is!the! internet!data!volume!they!consume?!Will!tele<

phone!numbers!be!replaced!by!alternative!address!systems,!e.g.!e<mail!addresses?!What!will!the!role!of!the!

incumbent!telephony!operators!be?!

How!VoIP!will!evolve!and!what!consequences!it!will!bring!to!the!industry!depends!on!a!multitude!of!factors.!

On! the!supply! side,! for!being!successful! competitors!with!VoIP<based!business!models!must!overcome!the!

resistance!and!defensive!moves!of!the!incumbent!operators,!gain!the!awareness!of!the!customers,!establish!

customer!relations!and!reach!a!critical!mass!with!their!user!base.!These!are!issues!VoIP!operators!struggled!

with!in!the!past.!At!the!same!time,!they!must!face!and!deal!with!regulatory!aspects.!Furthermore,!VoIP!oper<

ators!need!to!find!new!business!models!that!allow!them!to!convert!their!user!base!into!revenue!–!another!

aspect!that!turned!out!to!be!difficult!for!many!providers!of!VoIP!1.0!solutions.!On!the!demand!side,!if!VoIP!is!

to!significantly!alter!the!industry,!in!the!consumers’!perception!VoIP!must!excel!classic!telephony!in!in!terms!

of!reliability,!quality,!price,!functionalities,!convenience,!and!security.!!
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Figure,15:,Criteria,Determining,the,Future,of,VoIP.,,

Source:,Own,Illustration.,
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Figure!15!exhibits! the!criteria! that!are! likely! to!have!a!high! impact!on! the!diffusion!of!VoIP.!Each!criterion!

consists!of!several!factors,!and!in!the!specific!empirical!each!of!these!factors!is! looked!at!separately.! In!the!

words!of! the! introduced!scenario!technique!(c.f.!chapter!2.1),!Figure!15!summarizes!the!scenario!drivers23.!

The!synthesis!of!the!scenario!drivers!will!then!serve!as!the!base!for!the!development!of!the!most<likely!sce<

nario!of!how!VoIP!will!evolve!in!the!future.!!

2.8. Conclusion!of!the!General!Theoretical!Section!

The!General!Theoretical!Section!explicated!what!innovation!is!and!presented!the!S<Curve!Model!by!Christen<

sen!et!al.!and!the!Diffusion!Model!by!Rogers.!The!two!models!were!integrated!to!the!S<Curve!Adoption!Mod<

el!that!compares!competing! innovations! in!terms!of!their!performance!and!diffusion.!The!framework!holds!

that!the!aggregated!number!of!people!that!adopt!an!innovation!directly!depends!on!the!degree!by!which!it!is!

superior!to!other!competing!innovations!in!terms!of!perceived!attributes.!!

A!synopsis!of!the!history!from!the!early!beginnings!of!telecommunication!until!2004!revealed!that!classic!te<

lephony!had! evolved! rather! steadily! and!without! significant! disruptions.! Innovations! such! as! the! Strowger!

switch!or! the!change! from!plug!boards!over!electromechanical! to!digital! circuit! switching!enhanced! rather!

than!revolutionized!the!PSTN!network.!The!same!chapter!also!touched!on!the!evolutions!of!the!internet!and!

the!mobile!telephony!and!it!was!noted!that!both!made!significant!progress!in!the!last!two!decades,!have!in<

duced!change!in!our!society!and!have!made!access!to!information!and!the!internet!omnipresent.!!

Chapter!2.4!compared!Voice!over!IP!and!PSTN!and!the!network!architectures!behind!the!two!technologies.!

While!PSTN!uses!a!highly!reliable!circuit<switched!network!that!dedicates!lines!for!the!exclusive!use!of!a!call,!

VoIP!packetizes!voice!signals!and!transmits! the!data!packets!on!varying!routes!over!the! internet.!VoIP!was!

found!to!be!much!more!flexible!and!to!offer!cost!and!feature!advantages!over!PSTN,!while!being!inferior!in!

terms!of!quality!of!service.!!

The!outlook!for!VoIP! in!2004!was!a!shining!one.!Quality!of!service! issues!were!expected!to!be!solved!soon!

and!VoIP!to!replace!the!traditional!telephony,!because!its!superiority!in!terms!of!features!and!costs.!Howev<

er,! in!the!retrospective!it!can!be!noted!that!the!first!wave!of!VoIP!showed!less!impact!at!the!customer!site!

than!was!expected!and!was!less!of!a!disruptive!nature!than!of!a!sustaining!one.!First,!much!more!than!VoIP!it!

was!the!advent!of!mobile!telephony!that!impacted!the!telecommunication!industry!in!the!period!2000<2010,!

as!it!started!to!partially!replace!fixed!telephony.!Because!the!first!wave!of!VoIP!only!competed!with!fixed!te<

lephony!it!had!actually!entered!a!shrinking!market,!for!which!it!was!difficult!for!it!to!gain!traction.!Further<

more,!customers!were!less!enthusiastic!about!fancy!features!that!VoIP!could!provide!and!they!valued!more!

the! quality! and! simplicity! classic! telephony! offered! and! the! trusted! relation! to! their! telephony! provider.!

Thirdly,!the!incumbent!telephony!operators!modernized!their!PSTN!backbone!to!NGN!networks,!which!ena<

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
23!In!accordance!with!the!introduced!scenario!technique,!factors!with!low!impact!were!not!listed.!!
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bled! them! to! cut! costs!dramatically.! This! allowed! them! to! compete!with! the! low! tariffs!of! the!VoIP<based!

business!models.!

By!the!end!of!2011,!technological!progress!has!made!internet!ubiquitous!and!has!enhanced!the!capabilities!

of!mobile!phones.!On!more! recent! smart!phone!generations! it! is!possible! to! install!applications! that!allow!

making!phone!calls!over!the!internet!rather!than!via!the!classic!telephone!network.!Consequently,!VoIP!has!

arrived!at!a!point!where!it!is!capable!of!substituting!not!only!fixed!but!also!mobile!telephony.!!

Applications!such!as!WhatsApp!or!Viber!have!demonstrated!with!impressive!growth!rates!that!the!consum<

ers!meet! free! IP<based!telecommunication!services!with! interest.!At! the!same!time,!WhatsApp!&!Co.!have!

made!clear! that! for! classic! telecommunication!operators!a!bumpy! road! lays!ahead,!as! for! them! telephony!

and!messaging!services!make!up!significant!percentage!of!their!revenues,!which!are!now!under!siege.!!

VoIP!is!in!a!position!to!radically!change!the!telecommunication!industry!if!consumers!perceive!it!to!be!supe<

rior!to!classic!telephony.!This!depends!on!a!range!of!criteria!that!were!summarized!in!Figure!15.!At!the!same!

time,!VoIP!operators!must!find!ways!to!bring!their!value!offerings!to!the!market!and!their!potential!clients.!In!

the!course!of!this!process!they!not!only!need!to!establish!customer!relations,!but!must!also!deal!with!adverse!

issues!such!as!regulatory!aspects!or!defensive!moves!by!incumbents.!!

For!each!of!the!criteria! in!Figure!15!factors!have!been! identified!on!which!the!future!development!of!VoIP!

depends.!In!the!Specific!Empirical!Section,!each!of!these!factors!will!be!scrutinized!and!interviews!with!indus<

try!experts!will!serve!as!the!base!to!assess!how!these!factors!will!evolve.!The!entirety!of!factors!will!be!syn<

thesized!into!a!most<likely!scenario!that!will!indicate!how!VoIP!is!going!to!evolve!and!what!potential!it!has!to!

replace!traditional!mobile!and!fixed!telephony.!!

!
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3. Specific'Empirical'Section!
3.1. Empirical!Objective!

Figure!15!identified!the!factors!that!determine!the!further!diffusion!of!VoIP!and!the!impact!it!will!have!on!the!

telecommunication!industry.!In!the!now!following!Specific!Empirical!Section!each!of!these!factors!is!studied!

separately!and!the!reader!is!offered!how!each!is!likely!to!evolve.!The!entirety!of!analyses!of!these!factors!is!

then!aggregated!to!the!most<likely!scenario!of!how!VoIP!will!evolve!over!the!next!ten!years.!In!the!words!of!

the!introduced!scenario!technique!(c.f.!chapter!2.1),!in!the!Specific!Empirical!Section!the!certain!and!uncer<

tain!scenario!drivers!are!studied!and!aggregated!to!the!overall!scenario!that!has!the!highest!likelihood!to!ma<

terialize.!!

3.2. Empirical!Methodology!

The!assessment!of!the!factors! is,!besides!secondary!sources!such!as! industry!reports!and!market!forecasts,!

based!on!primary!data!obtained!from!interviews!with!industry!experts.!The!conducted!interviews!were!of!a!

semi<structured! type,!as! the! interviewer! followed!a!prepared! list!of!questions!but! flexibly!asked!additional!

questions!in!case!of!unforeseen!contingencies!that!aroused!during!the!interview!(Lindlof!&!Taylor,!2011;!see!

questionnaire!in!Appendix!A6).!!

As!was!pointed!out!in!chapter!1.3,!interviews!were!conducted!to!bring!in!a!third<party!perspective!and!lower!

the!certain!degree!of!subjectivity!that!is!inherent!to!qualitative!research.!Furthermore,!given!the!fast!pace!by!

which! the! industry! is! changing,! only! primary! data!may! compensate! for! the! often! recent! but! already! out<

dated!secondary!sources.!!

As!also!the!views!of!the!interviewed!experts!only!represent!subjective!opinions,!measures!were!taken!to!ar<

rive!from!biased!notions!to!more!objective!insights.!On!the!one!hand,!all!experts!were,!with!only!small!varia<

tions,!asked!the!same!set!of!questions,! for!which!a!comparison!of! the!answers!was!possible.!On!the!other!

hand,!the!experts!were!chosen!in!a!way!so!that!they!viewed!the!topic!from!different!angles,!which!allowed!

deriving!well<balanced!insights.!!

All!interviewees!had!years!of!experience!with!VoIP,!either!through!working!in!the!field!of!VoIP!deployment!or!

due! to! related! research.!Therefore,! they!were!highly!qualified!as!experts!and! they!could!offer!valuable! in<

sights.!Furthermore,!they!were!representatives!of!reputable!institutions,!including!Microsoft!(a!leading!soft<

ware!company),!Swisscom!(the!largest!incumbent!telecommunication!operator!in!Switzerland),!Accenture!(a!

renowned!technology!advisory!firm),!Siemens!Building!Technologies!(a!company!that!developed!and!imple<

mented!VoIP!solutions!on!large!scale),!and!HSR!(a!Swiss!university!offering!high<level!education!and!research!

in!the!area!of!information!technology).!A!list!of!the!interview!partners!and!their!backgrounds!can!be!found!in!

Appendix!A5.!At!this!place!it!shall!particularly!be!highlighted!that!for!this!thesis!also!an!interview!with!Profes<
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sor!Dr.!Henning!Schulzrinne!was!conducted,!who!was!a!driving!force!behind!the!development!of!VoIP.!Prof.!

Dr.!Schulzrinne!is!the!chief!technology!officer!of!the!United!States!Federal!Communications!Commission,!the!

highest! regulatory! authority! for! telecommunications! of! the! United! States,! and! professor! at! the! Columbia!

University,!where!he!formerly!also!was!chair!in!the!Department!of!Computer!Science.!!

Unless!stated!differently,!the!insights!presented!in!chapters!3.4!and!3.5!are!based!on!the!aggregated!results!

obtained!from!the!conducted!interviews.!!

3.3. Limits!of!the!Empirical!Study!

Models!are!abstractions!that!rise!above!the!messy!details!and!help!to!understand!the!essence!of!what!the!

phenomena!are!and!how!they!operate!(Christensen,!2006).!Being!such!abstractions,!they!to!a!certain!degree!

inherently!are!imprecise.!Furthermore,!in!accordance!with!the!introduced!scenario!technique,!some!factors!

were!not!analysed!due!the!low!degree!of!impact!they!were!expected!to!have!on!the!most<likely!scenario.!The!

findings!of!this!thesis!would!be!seriously!distorted!if!a!factor!was!disregarded!that!would!in!fact!have!a!signif<

icant!impact.!!

In!total!six!interviews!were!conducted!with!experts!that!represented!views!of!different!players!in!the!indus<

try.!While!this!approach!helped!arrive!at!a!more!balanced!outlook!it!must!be!noted!that!per!view!type!only!

one!representative!was! interviewed.!For! instance,!Prof.!Dr.!Henning!Schulzrinne!was!the!only!person!inter<

viewed!that!represented!the!view!of!a!regulator.!Interviews!with!more!than!one!expert!per!category!would!

have!strongly! increased!the!validity!of! this! thesis.!Due!to! the! limited!availability!of! suitable! interview!part<

ners,! such! substantiation! regrettably!was! not! possible.! Finally,! the!majority! of! the! interview! partners! had!

strong!ties!to!Germany!and!especially!Switzerland.!Thus,!the!findings!may!have!been!skewed!in!this!regard!

and!might!only!be!applicable!with!limitations!to!other!geographical!areas.!

3.4. Empirical!Findings:!Factor!Analysis!of!Supply!Side!

3.4.1. Business!Model!!

3.4.1.1. The(Operator’s(Incentive(to(Advance(VoIP((

For!its!diffusion!VoIP!depends!on!institutions!that!promote!it.!Any!institution,!however,!only!advances!VoIP!if!

in!return!it!sees!a!benefit!from!doing!so.!Benefits!can!be!either!of!altruistic!or!monetary!nature.!The!earlier!

introduced!ENUM!concept!is!located!on!the!altruistic!side.!As!was!explained!in!Exhibit!2,!ENUM!is!a!DNS!ser<

vice! that! allows! for! settlement<free! internet! routing.! This!means! in!practice! that!operators! supporting! the!

concept!do!not!earn!any!money!for!ENUM<bound!calls.!Not!surprisingly,!many!VoIP!operators!are!reluctant!

to!adopt!the!concept!and!they!prefer!to!pass!their!customers!via!a!gateway!onto!the!PSTN!network,!as!for!

this!interconnection!they!can!charge!fees!–!even!if!the!callee’s!device!is!also!a!VoIP!client.!A!glance!at!Figure!
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16! reveals! that! in! the! case! of! Germany! since! February! 2007! the! total! number! of! ENUM! entries! has! only!

slightly!increased!and!is!stagnating!at!roughly!8000!entries!at!the!end!of!2011.!

Much! more! important! than! altruistic! considerations! are!

monetary! incentives! if! institutions! are! to! promote! VoIP!

diffusion.!!

Today,! telecommunication! providers! make! two! types! of!

revenues.! On! the! one! hand,! they! earn! money! for! the!

monthly!subscription!fees,!and!they!charge!for!calls!on!a!

time<metered! basis.! Already,! however,! this! traditional!

revenue!scheme!has!seen!alterations,!and!going! forward!

other! business!models! will! prevail,! resulting! in! different!

money!inflows!for!the!companies.!In!some!segments,!it!is!

even!conceivable!that!telephony!as!a!service!will!be!free.!

In!the!following,!some!of!the!monetary!incentives!shall!be!described!that!cause!companies!to!promote!VoIP.!

For,Software,Companies:,

At!the!workplace,!companies! like!Cisco!or!Microsoft!(MS)!offer!OTT!VoIP!services.!Rather!than!charging!for!

the!telephony!service!on!a!time<metered!basis,!these!companies!generate!their!revenues!through!the!sale!of!

software! licences!and!services.!As! for!business!customers! the!reliability!of!VoIP!programs! is!crucial,!also! in!

the!future!they!will!agree!to!pay!for!well<maintained!software!programs!and!hardware.!!

In!the!private!segment!(fix!and!mobile),!Microsoft’s!subsidiary!Skype!offers! its!software!client!for!free;!nei<

ther!the!program!license!nor!on<net!calls!are!subject!to!fees.!Today,!Skype!generates!its!profit!mainly!from!

international!calls!bound!to!the!PSTN!network,!and!also!tries!to!sell!premium!features!such!as!video!telepho<

ny!for!calls!with!more!than!two!participants.!Skype!is!the!largest!OTT!VoIP!provider!and!yet!the!firm’s!current!

business!model!faces!one!problem.!More!and!more!people!are!starting!to!use!Skype,!for!which!participants!

no!longer!pay!for!outbound!PSTN<calls,!but!use!the!free!on<net!(Skype<to<Skype)!calls.!One!way!around!this!

problem!for!Skype!would!be!to!start!charging!low!fees!for!their!software,!or!for!on<net!calls.!Yet,!the!inter<

viewed!experts!agreed!that!with!the!many!free!alternatives!on!the!market!users!would!probably!soon!aban<

don!Skype!and!migrate!towards!a!free!solution.!Alternatively,!Skype!could!decide!foster!the!sale!of!its!premi<

um!functions,!whilst!keeping!the!basic!version!free.!However,!there!are!doubts!in!the!market!that!a!conver<

sion<to<premium!of!a!large!share!of!the!customers!would!occur!(c.f.!Rincón!Hanna,!2011).!!

A!more!viable!scenario!is!that!Skype!will!start!adding!advertisements!to!its!software!clients!in!order!to!gener<

ate!revenues.!Given!the!company!can!gather!knowledge!about!the!consumer!behaviour,! it!may!use!this! in<

formation!to!improve!the!targeting!of!the!advertisement.!For!instance,!by!measuring!the!frequency!and!du<

ration!of!calls!between!two!participants,!Skype!could!derive!indicators!about!the!intensity!of!social!relation<

Figure,16:,Development,of,ENUM,Domain,Registrations,
in,Germany.,

Source:,Denic,(2012).,
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ship!and!use!this!insight!in!combination!with!other!data!to!improve!advertisement!effectiveness!(c.f.!Rincón!

Hanna,!2011).!!

Furthermore,!Microsoft!is!likely!to!seek!interconnection!of!Skype!with!Microsoft!Office!Communicator/Lync,!

MSN!Messenger/Windows!Live!and!Facebook!Chat24,!which!would!for!instance!allow!Lync!users!to!make!free!

calls!to!Skype!clients!and!vice!versa.!Such!integrated!network!would!interconnect!millions!of!people!in!a!free!

telephone!network.!Yet,!Microsoft!may!use!this!large!and!free!network!as!a!value!proposition!for!corporate!

customers,!which!would!be!willing!to!pay!for!a!more!advanced!VoIP!client!(Lync),!customer!service,!support,!

and!premium!functions.!

Besides!Microsoft,!also!two!other!large!IT!firms!offer!VoIP!solutions:!Apple!and!Google.!Their!clients!compete!

in!the!area!of!end<consumer!VoIP,!but!not! in!the!market! for!corporate! internet!telephony.!At!this!point!of!

time!Google!does!not!seem!to!make!big!efforts!to!promote!its!client!GoogleTalk.!Apple,!in!contrast,!includes!

its!VoIP!client!Facetime!on!most!products!it!ships.!To!the!user!Facetime!seems!free,!as!the!software!is!pre<

installed!on!the!devices!and!does!not!need!to!be!purchased!separately.!!

However,!as!Facetime!cannot!be!used!on!other!hardware!than!the!one!provided!by!Apple,!strictly!speaking!

Facetime!is!not!free!but!included!in!the!purchasing!price!of!the!devices.!Besides!the!revenues!caused!by!the!

sale!of! the!hardware,!Apple!has!two!more!ways!to!generate!money! inflows!with!Facetime.!First,!similar! to!

Microsoft,!Apple!also!uses!its!VoIP!client!to!gather!valuable!information!about!the!user!behaviour,!which!the!

company!uses!to!improve!its!devices!further,!which!it!then!sells!back!to!the!users,!thereby!generating!even!

more!sales.!Secondly,!Apple’s!market!power!allowed!the!company!in!many!countries!to!conclude!deals!with!

telecommunication!operators! that!would! let! it!participate! in! the! revenues! stemming! from!mobile! internet!

traffic!caused!by!Apple!devices.!In!other!words,!customers!might!use!the!application!Facetime!free!of!charge.!

However,! if! they! use! Facetime! on! a! mobile! internet! connection! of! a! provider! with! whom! Apple! has! an!

agreement,!a!fraction!of!what!the!users!pay!for!the!mobile!data!traffic!to!the!provider!ultimately!goes!to!Ap<

ple.!Hence,!Apple!is!able!to!generate!revenues!from!a!seemingly!free!service.!!

In!conclusion,! for!software!companies!ecosystem!revenues!are!the!most<likely!ones!to!occur! in!the!private!

segments,!stemming!from!the!sale!of!premium!functions,!advertisement,!and!cross<selling!of!products.!Little!

–!if!any!–!money,!however,!is!likely!to!be!generated!by!telephony!as!such.!Also!in!the!business!segment!the!

acceptance!of!time<metered!telephony!is!decreasing,!yet!they!are!willing!to!pay!quality,!service!and!support.!

For,Incumbents:,

Not!only!IT!companies!have!an!incentive!to!promote!VoIP.!Also!for!the!operators!of!the!mobile!non<IP!net<

works!UMTS/GSM!migrating!their!customers!towards!a!VoIP!solution!makes!sense!if!doing!so!allows!them!to!

build! back! their! legacy! networks.!Having! to!maintain! separate! legacy! networks! is! costly;! eliminating! them!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
24!Note!that!Office!Communicator!/!Lync,!MSN!Messenger/Windows!Live,!Skype!and!Facebook!all!belong!–!at!least!par<
tially!–!to!the!Microsoft!imperium.!Today,!Skype!and!Facebook!are!already!interconnected.!
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may!therefore!reduce!expenses.!Furthermore,!new!antennas!are!usually!confronted!with!resistance!of!envi<

ronmental!activists.!This!problem!could!be!mitigated!if!modern!antennas!were!deployed!as!replacement!for!

older,!more!harmful!ones.!One!network!that!indeed!could!substitute!GSM!(and!possibly!in!the!long<term!also!

UMTS)!is!Long!Term!Evolution!(LTE).!However,!the!rollout!of!LTE!is!still!in!an!early!stage,!for!which!at!least!in!

the!short<term!the!incumbent!mobile!telephony!operators!will!not!consider!switching!to!a!VoIP!solution.!!

In! the! area! of! residential! telephony,!market! competition! is! high! and! there! is! also! a! substitution! pressure!

through!mobile!telephony.!Margins!therefore!are! low.!Many!operators!have!even!started!to!offer! fixed!te<

lephony!entirely!for!customers!that!subscribe!for!other!services,!e.g.!internet!access!or!television.!Thus,!time<

metered!telephony!is!becoming!less!common.!In!order!to!support!this!kind!of!business!model,!PSTN!opera<

tors!had!to!cut!costs!and!switched!their!backbone!to!a!VoIP/NGN!network.!What!has!not!changed! in!most!

cases,!however,!are! the!subscriber! lines! from!the!CPE! to! the! local!exchange! (the!so<called!“last!mile”),! for!

which! the! class<5! switches! at! the! local! exchange! in!many! cases! still! are! circuit<switched! (c.f.! Virgo,! 2012).!

Network!maintenance!costs!would!be!further!reduced!if!also!this!part!of!the!network!was!migrated!because!

the!entire!legacy!PSTN!infrastructure!at!the!local!exchanges!could!be!eliminated.!!

Yet,!despite!this!incentive,!as!long!as!the!current!system!(PSTN!subscriber!lines!plus!NGN!backbone)!works,!

the!incumbents!are!not!likely!to!alter!it,!as!such!undertaking!would!incur!costs!while!only!yielding!small!bene<

fits.!There,!however,!where!new!telephony! infrastructure!needs!to!be! installed,!or!where!the!existing! local!

exchanges!need!to!be!renewed!in!any!case,!the!incumbents!are!likely!to!deploy!“Last<mile!VoIP”!in!order!to!

sustain!their!services<bundle!business!model!with!free!telephony.!!

!

3.4.2. Customer!Base!

3.4.2.1. Adoption(Awareness((

As!was!repeatedly!explicated!in!this!thesis,!a!large!share!of!today’s!PSTN!calls!are!already!routed!through!a!

VoIP!solution!in!the!backbone!of!the!carriers!without!the!consumers!noticing!it.!The!subscriber!lines!to!the!

local!exchanges,!however,!have!not!been!modernized.!Notwithstanding,!as!was!explicated!in!the!last!chap<

ter,!also!this!part!will!gradually!be!upgraded.!!

There!are!limitations!to!this!modernization.!In!remote!rural!areas!with!little!population!density,!switching!to!

VoIP!often!does!not!make!sense.!Therefore,!last<mile!VoIP!will!not,!or!only!slowly!be!implemented.!In!other!
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areas!this!seamless!migration!will!take!place!unnoticed!by!most!consumers;!the!telephony!device!will!contin<

ue!to!look!the!same,!only!the!transportation!technology!it!uses!will!be!different.!

Consequently,!in!many!cases!it!will!be!the!incumbent!telephony!provider!that!decides!when!users!will!switch!

to!VoIP!–!namely!when!the!provider!upgrades!its!PSTN!network.!As!has!been!stated!in!the!last!chapter,!this!

operator<driven!implementation!will!occur,!but!rather!slow!and!first!in!new!households!and!subsequently!in!

areas,!where!the!existing!telephone!network!needs!to!be!overhauled!and!a!change!to!VoIP!financially!makes!

sense.!Most!households!will!adopt!VoIP!in!such!passive!form!because!they!are!not!interested!in!technology!

and!do!only!use!their!telephone!for!classic!phone!calls,!but!do!not!seek!additional!features!VoIP!could!pro<

vide.!Similarly,!also!the!adoption!in!many!SMEs25!will!be!carrier<driven,!as!for!many!of!them!additional!fea<

tures!are!not!of! importance.!An!average!butcher,!for! instance,!only!needs!the!telephone!for!making!phone!

calls,!but!does!not!rely!on!video!telephony!or!group!calls.!!

In!contrast,! the!majority!of! large!companies!will,! if! they!have!not!done!yet,!adopt!VoIP!proactively! in!their!

institutions,!for!reasons!that!have!been!mentioned!earlier!in!this!thesis.!For!them!the!adoption!is!a!deliberate!

process!driven!by!the!IT!department.!Equally!deliberate!and!proactive!is!the!adoption!of!VoIP!in!cases,!where!

OTT!applications!are!installed!to!use!VoIP,!because!the!process!of!setting!up!such!applications!is!a!conscious!

one.!OTT!solutions!are!partially!adopted!by!private!consumers!as!a!substitute!for!residential!PSTN!telephony!

(e.g.!for!international!calls),!or!on!the!mobile!device!to!circumvent!the!fees!of!the!mobile!network!operator.!

Often,!the!adoption!of!mobile!OTT!VoIP!is!driven!by!end<consumer!word<of<mouth!influence26.!

3.4.2.2. Network(Integration(

The! technologies!on!which!VoIP!networks! are!based!differ! from!one! another.! If! users! of! two!distinct! net<

works!are! to! talk! to!each!other,! the!operators!need! to!provide! some!sort!of! interconnection!between! the!

networks.!Yet,!the!degree!of!integration!that!operators!offer!varies.!Four!options!are!discussed!in!turn.!

No,Integration:!Some!operators!have!no!incentive!to!interconnect!their!network!to!any!other!network!and!

they! lock! their! customers!within! their! strictly! controlled!ecosystem.!One!example! is!Apple’s! Facetime! that!

only!allows!users!to!interconnect!with!other!Facetime!clients;!gateways!to!the!PSTN!network!or!other!VoIP!

services!are!not!available.!The!reason!for!this!approach!is!simple.!For!using!Facetime!the!user!needs!to!buy!

an!Apple!device.!If!Apple!switched!to!an!open!standard!or!made!Facetime!available!on!non<Apple!platforms!

it!would!lose!one!of!the!revenue!streams!that!finance!the!program.!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
25!SMEs!stands!for!Small!and!Medium!Enterprises.!!
26!E.g.!“Add!me!on!Skype!”!/!“Do!you!have!Viber?”!–!“You!don’t!have!it?!Why!don’t!you!install!it?!It’s!free,!cool!and!so!
easy!to!use!”!
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Via,a,Gateway:!Operators!usually!run!their!entire!telephone!network!with!one!technology.!As!soon!as!calls!

need!to!be!routed!onto!networks!of!other!operators,!however,!the!signalling!technology!oftentimes!is!a!dif<

ferent!one,! for!which!the!call!needs!to!be!converted.!This! task! is! realized!by!dedicated!gateways.!For!such!

inter<provider!connections,!users!usually!pay!an!interconnection!fee.!In!the!business!area!a!call!from!a!Lync27!

to!Cisco’s!Unified!Communications!client,! for! instance,! is!possible!and!users!pay!a!yearly! fee! for! this! inter<

connection!(c.f.!Microsoft!Technet,!2012).!Residential!customers!that!use!a!VoIP!phone!usually!are!intercon<

nected!trough!a!gateway!to!the!PSTN!network,!as!otherwise!they!would!only!be!able!to!call!other!VoIP!sub<

scribers!that!are!within!the!reach!of!the!operator’s!IP!network!(c.f.!Figure!11).!For!the!interconnection!to!the!

PSTN!network!users!are!charged!a!fee.!,

Via,Compatible,Clients:,If!caller!and!callee!use!distinct!networks!with!different!signalling!technologies,!gate<

ways!are!just!one!option!how!the!participants!can!be!interconnected.!It!is!also!possible!that!one!of!the!clients!

is!capable!of!abandoning!the!own!default!protocol!and!adapts!to!the!one!of!the!other!client.!The!following!

analogy!shall! clarify! this!difference:!A!German<speaking!and!an!English<speaking!person!need!to!communi<

cate!with!each!other.!The!gateway!solution!works!like!a!translator.!It!mediates!between!the!participants!and!

exchanges!the!converted!voice!signals.!Also!in!the!case!of!compatible!clients!both!participants!speak!differ<

ent!languages.!However,!at!least!one!of!the!two!participants!is!capable!of!speaking!both!languages,!for!which!

an!interpreter/gateway!becomes!redundant.,In!practice,!VoIP!clients!that!support!multiple!protocols!are!ra<

re28.!,

Unified,Protocol:,Unifying!the!underlying!protocols!is!another!way!how!networks!may!be!made!interopera<

ble.!Mainly!operators! that! shoot! for! the!mass!market!and! the!highest!possible!market!penetration!opt! for!

this!strategy.!Given!the!high!integration!efforts!such!unification!requires!it!is!most!likely!to!occur!where!one!

company!operates!all!networks!that!are!to!be!unified.!In!practice,!Microsoft!is!one!example!of!company!that!

could!pursue!an!integration!of!its!three!VoIP!communication!platforms!Lync,!Windows!Live!and!Skype.!While!

the!use!of!gateways!could!be!a!short<term!solution,!in!the!middle!term!it!is!very!likely!that!Microsoft!unifies!

the!network!technologies!by!migrating!them!to!one!common!protocol,!as!this!will!reduce!the!overall!integra<

tion!efforts.!The!above!introduced!analogy!shall!visualize!this!fact:!If!a!company!had!German<speaking,!Span<

ish<speaking,! Polish<speaking! and!Portuguese<speaking! employees,! it! could! hope! that! in! conversations! the!

participants!would!either!be!able!to!speak!the!other’s!language!(compatible!clients!approach)!or!that!inter<

preters!between!all!the!participants!would!enable!the!exchange!of!information!(gateway!approach).!Clearly,!

with!every!additional! language!present! the! required!effort! to!exchange! the! information!streams!would! in<

crease!exponentially.!By!defining!English!as!the!common!language!and!teaching!that!language!to!all!employ<

ees!is!the!approach!of!unified!protocol,!and!reduces!the!translation!efforts.!,

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
27!Microsoft!Lync!(Lync)!is!an!enterprise!software!application!for!real<time!communication.!Formerly,!the!program!was!
called!Microsoft!Office!Communicator.!!
28!The!only!one!known!to!the!author!at!the!time!this!thesis!was!written!is!an!application!called!Fring.!
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Going! forward,! in! the!private!area! competing! types!of!OTT!VoIP!ecosystems!will!be! found.!Even! though! it!

would!be!desirable!from!a!consumer!perspective!to!have!one!client!that!integrates!all!networks,!this!will!not!

materialize,!as!all!operators!have!an!interest!to!keep!their!network!exclusive.!While!some!operators!aim!for!

the!mass!market!and!make!their!clients! interoperable!with!many!platforms,!yet!closed!towards!other!VoIP!

applications!(e.g.!WhatsApp,!the!Microsoft!clients,!Viber),!others!even!restrict!the!platforms!on!which!they!

run,!as!the!main!source!of!revenue!are!the!platforms!(e.g.!Facetime).!Only! if!they!can!charge!for!the! inter<

connection,!the!operators!will!interconnect!their!network!to!the!ones!of!other!VoIP!operators.!Networks!un<

der!control!of!one!single!operator,!however,!are! likely!to!be! integrated!in!order!to!create!value!with! large,!

interconnected!customer!bases.!!

The!same!applies!for!the!network!of!the!incumbents;!they!have!a!direct!interest!that!calls!to!their!networks!

are!expensive.!Why?!The! incumbents!have! the! largest!networks! in! terms!of!user!numbers.! If! calls! to! their!

networks! were! cheap,! individual! customers! could! consider! switching! to! competitors.!With! inter<operator!

calls!being!expensive,!however,!calls!are!costly! for! those!people! that!switch!because!most!callees!are!sub<

scribers!of!the!incumbents’!networks.!Therefore,!individual!customers!are!reluctant!to!switch!away!from!the!

incumbents!and!so!is!everybody!else.!For!this!reason!the!incumbents!are!capable!of!retaining!their!custom<

ers.!Within!their!network!the! incumbents!offer!calls!for!free!or!at! low!rates!on!a!per<call!basis,!collect!flat<

rated!subscription!fees,!and!co<offer!additional!services!where!possible!(c.f.!3.4.1).!

3.4.3. Regulatory!Aspects!

3.4.3.1. Lawful(Interception(

With! an! increasing! number! of! people! switching! to! VoIP! governments! have! become!more! concerned!with!

regulating!VoIP! telecommunication,!and!attempts! to!govern! it! similarly! to! traditional! telephony!have!been!

made.!Many!geographical!regions!already!have!laws!in!place!that!apply!to!classic!telecommunication!provid<

ers!as!well!as!commercial!VoIP!operators.!Amongst!these!provisions!are!the!obligations!for!operators!to!track!

traffic,!to!identify!the!identity!of!the!call!participants,!and!to!implement!mechanisms!that!allow!for!the!lawful!

interception/wiretapping,!e.g.!in!case!of!illegal!activities.!!

The!specific!rules!the!providers!need!to!comply!with!differ!for!every!country!and!sometimes!a!difference!is!

made!between!operators!that!offer!an!interconnection!with!the!PSTN!network!and!IP2IP!purists.!Voice!chats!

in! computer!games,! for!example,!are! in!most! countries!not! subject! to! telecommunication! rules! in! spite!of!

being!VoIP!applications,!because!they!are!not!interconnected!with!the!PSTN!network.!
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In!the!future! it! is!conceivable!that!the! legislator!will!distinguish!between!private!and!public!telephony.!The!

former!refers!to!calls!that!are!exclusive! in!the!sense!that!callers!can!decide!whom!they!wish!to!talk!to!and!

whom!they!want!to!exclude!from!participating.!This!category!includes!classic!telephony,!but!also!VoIP!opera<

tors!such!as!Skype,!Viber,!or!Vonage.!Public!telephony!in!contrast!describes!those!areas!where!voice!signals!

are!exchanged!non<exclusively!and!not!with!the!primary!purpose!of!telephony.!This!description!applies,!for!

instance,!to!the!above!cited!example!of!computer!games!that!offer!voice!interaction!between!random!partic<

ipants.!As!such!open!networks!have!more!social!control!legal!provisions!will!be!less!strict.!Although!the!dis<

tinction! into! categories!will! help! to! better! govern! the! telecommunication!market,! also! in! the! forthcoming!

years! some!ambiguity! and! room! for! interpretation!will! remain! –! in! particular!when! it! comes!down! to! the!

question!how!a!specific!service!of!a!certain!operator!has!to!be!categorized.!(see!also!Kheterpal,!2011).!!

Telephony!operators!will!comply!with!stricter!policies!where!such!are!enacted,!as!not!doing!so!could!cause!

severe! penalties! and! also! result! in! their! license! being! withdrawn.! Yet,! for! telecommunication! operators!

providing!governments!with!a!backdoor!to!their!network!is!a!twofold!challenge.!On!the!one!hand,!the!opera<

tors!must! put! in! place! appropriate!measures! that! enable! the! authorities’! access.! In! particular! for! peer<to<

peer! (P2P)!operators! (e.g.!Skype)! that!do!not!route!the!calls! through!a!central!entity!but!establish!a!direct!

connection!between!the!call!participants!the!implementation!of!such!interception!capabilities!is!challenging!

(Seedorf,!2008).!On!the!other!hand,! the!operators!must!protect! their!backdoors! from!illicit!access.!The!ex<

ample!of!Vodafone!Greece!demonstrates!that!a!failure!of!complying!with!these!requirements!can!be!costly.!

In!2006,!the!company!was!fined!USD!100m!because!hackers!had!been!able!to!monitor!mobile!phone!users!

through!the!backdoor!port!of!the!Vodafone!network!(Brabant,!2006).!!

3.4.3.2. Emergency(Services(

In!most! countries! of! the!world! emergency! services! are! organized! regionally.! As! the! traditional! telephone!

number!belonged!to!a!certain!geographic!region,!callers!in!need!were!directly!connected!to!the!correct!coor<

dination!centre.!With!VoIP!the!link!between!number!and!locality!is!no!longer!given.!A!caller!with!a!São!Paulo<

based!number!for!example!could!be!located!anywhere!in!the!world.!Therefore,!before!connecting!him!or!her!

to!an!emergency!centre!VoIP!providers!first!need!to!determine!the!current!position!of!the!caller.!!

Three!systems!exist!how!providers!solve!this!problem.!In!residential!VoIP,!often!the!internet!access!provider!

is!also!the!VoIP!operator.!Because!a!contract!between!the!caller!and!the!company!exists!the!address!of!the!

caller!is!known.!To!avoid!that!the!address!from!where!the!call!is!originating!is!different!from!the!one!stated!in!

the!contract,!this!type!of!operator!technically!prevents!the!consumer!from!using!the!VoIP!telephone!in!other!

locations.!This!kind!of!VoIP!is!unproblematic!in!terms!of!emergency!localisation!and!will!apply!to!most!users!

that!will!adopt!VoIP!passively/operator<driven!(c.f.!chapter!3.4.2).!For!OTT!providers,!in!contrast,!the!address!

Certain Driver Certain End-Point 

Lawful Interception Full Compliance of Operators 



!

Specific!Empirical!Section!<!Empirical!Findings:!Factor!Analysis!of!Supply!Side! Version:!24/04/2012!
Voice!over!IP!2.0!<!An!Analysis!of!Potential!and!Limits!of!IP2IP!Telecommunication! Benjamin!Harder!

54!
of!the!caller!is!often!not!known!because!a!contractual!relation!with!a!verified!address!is!lacking.!OTTs29!often!

use!one!of!the!other!two!options.!!

The!first!type!of!OTT!provider!requires!users!to!register!their!location!in!a!database.!In!case!of!an!emergency,!

such!provider!rather!than!verifying!where!the!caller!is!actually!located!connects!him!or!her!according!to!the!

entry!in!the!database!to!the!corresponding!emergency!centre.!This!system!has!the!drawback!that!if!the!entry!

in!the!database!is!out<dated,!the!caller!is!connected!wrongly.!The!second!type!of!operator!relies!on!a!techni<

cally!more!advanced!system.!In!fixed!OTT!VoIP,!the!IP!address!may!serve!as!an!indicator!where!the!caller!is!

located.!Deriving!the!localisation!from!the!IP!address,!however,!is!often!imprecise,!or!may!even!be!complete<

ly!wrong! if! the!caller!uses!an! internet!connection! that!contains!certain! technical!elements!such!as!a!proxy!

server!or!a!VPN30.!!

In!the!area!of!mobile!VoIP,!because!cellular!devices!usually!communicate!with!multiple!antennas!simultane<

ously,! triangulation! reveals! the!user’s! position!quite! accurately.!Hence,! the!operator! that! controls! the! last!

mile!of!the!mobile!internet!connection!is!able!to!determine!the!current!position!of!the!caller.!If!this!internet!

carrier!is!the!same!company!as!the!one!that!provides!the!VoIP!service,!this!system!works!well!to!interconnect!

the!caller!to!the!correct!emergency!service.!Yet,! in!mobile!VoIP!only! in!rare!occasions!the!ISP!and!the!VoIP!

operator!are!the!same!company.!More!often,!OTTs!provide!the!VoIP!service!and!OTTs,!in!contrast!to!the!in<

ternet!carriers,! cannot!access! the! information!where! the!caller! is! located;!and! internet!carriers!until! today!

are!not!required!to!pass!along!this!information!to!the!OTT.!Therefore,!for!OTTs!it!oftentimes!is!virtually!im<

possible!to!determine!the!position!of!the!caller,!except! if!the!callers’!device!has!a!built<in!GPS!module!that!

provides!the!information.!As!a!result!most!mobile!VoIP!OTTs!explicitly!exclude!the!access!to!emergency!ser<

vices!in!their!terms!of!contract!or!require!the!user!to!register!with!a!database!as!was!explained!before.!!

Going!forward,!regulations!regarding!emergency!services!are!expected!to!be!tightened.!In!case!of!emergen<

cy,!the!caller’s!location!will!have!to!be!determined!precisely,!sometimes!even!as!accurate!as!the!storey!level.!

In!the!United!States,!for! instance,! in!the!foreseeable!future!a!decree!is! likely!to!be!passed!that!will!require!

internet! carriers! to! forward! the!position! information! to! the!OTT!VoIP! providers,! enabling! them! to! comply!

with!the!revised!policies.!Chances!are!high!that!within!ten!years!the!locality!determination!for!VoIP!telepho<

ny!will!be!much!more!accurate!than!today!and!that!also!OTTs!by!law!are!required!to!provide!access!to!emer<

gency!services.!This!does!not,!however,!apply!to!OTT!VoIP!that!does!not!primarily!serve!a!telephony!function,!

e.g.!in<game!voice!chats!(c.f.!chapter!3.4.3).!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
29!OTTs!stands!for!Over<The<Top!Operators!
30!VPN!stands!for!Virtual!Private!Network!
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3.4.3.3. AntiGTrust(Legislation(for(OTTs(

As!a! rule!of! thumb,! telecommunication!providers!with! large!customer!bases!attract!even!more!consumers!

because!of!the!free!or!low<cost!on<net!calls!they!offer!to!their!clients.!Hence,!it!is!a!frightening!scenario!for!

the!incumbent!operators!that!an!OTT!network!emerges!with!a!large!customer!base,!because!the!rise!of!such!

network!could!induce!a!pull!effect!triggering!a!mass!customer!migration.!

By!interconnecting!the!user!bases!of!its!separate!products,!Microsoft!would!indeed!be!in!a!position!to!quickly!

establish!such! large!customer!base31.!Yet,!anti<trust!regulations!put! limits! to!such! integration.!When! in!the!

mid<90ties!Microsoft!decided!to!integrate!its!Internet!Explorer!as!an!inherent!component!of!every!Windows!

operating!system!it!shipped,!as!well!as!when!it!included!its!Media!Player!by!default!in!every!installation,!the!

company!was!found!guilty!of!having!violated!competition!laws!in!the!United!States!and!the!European!Union,!

respectively.!In!both!cases,!Microsoft!was!fined!with!record<high!penalties.!!

Lync,!Windows!Live,!Skype,!Facebook,!Xbox!Live,!and!Hotmail!interconnected!would!turn!Microsoft!into!the!

world’s!biggest!VoIP!OTT!operator! from!one!day! to! the!next.!Not! surprisingly,!with! such!product!and!user!

base!convergence!the!company!is!walking!on!a!very!thin!line!and!is!watched!with!Argus’!eyes!by!competitors!

and!regulators.!

It!would!be!even!more!critical!from!a!market!competitiveness!point!of!view!if!Microsoft!included!its!VoIP!cli<

ent!by!default!on!every!Windows!8,!Office!365!or!Exchange!Server!it!ships,!because!other!OTTs!would!likely!

to!be!crowded!out!of!the!market,!similar!to!what!happened!to!Netscape!when!the!Internet!Explorer!became!

a!fix!component!of!the!Windows!operating!system.!Given!the!past!experiences,!Microsoft!will!pay!close!at<

tention!to!not!breaking!anti<trust!laws!again,!but!yet!it!will!try!to!converge!its!user!bases.!This!process!will!be!

vigilantly!be!observed!by!incumbent!operators.!!

Given!the!strong! lobbies!and!ties! these!telecommunication!operators! traditionally!have!with!governments,!

one!should!not!underestimate!their!power.!Notwithstanding,!on!June!17th,!2011,!the!US!Federal!Trade!Com<

mission!gave!its!antitrust!approval!for!Microsoft!to!buy!Skype,!and!on!October!7th!the!European!Commission!

followed!suit!(O’Brien,!2011a;!Reuters,!2011).!With!their!approval!it!seems!reasonable!to!assume!that!inter<

connecting!Microsoft’s!products!per!se!would!not!be!considered!as!a!violation!of!antitrust!laws!by!the!regula<

tors.!More!disputed,!however,!would!be!the!default!inclusion!of!a!VoIP!client!in!software!applications!that!do!

not!primarily!serve!communication!purposes,!e.g.!Windows!8!or!Office!365.!!

With!the! lessons! learnt! from!the!past,! it! is!quite!unlikely!that!Microsoft! implements!an!own!VoIP!client!by!

default!in!its!other!products,!but!it!is!highly!probable!that!Microsoft!will!make!it!very!easy!for!its!customers!

to!install!it!if!they!wish!to!do!so.!This,!for!instance,!could!be!realized!through!an!online!software!portal!(so<
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
31! As! of! 2011,! Hotmail! served! roughly! 350M! users! per!month! (Brownlow,! 2012);! Facebook! had! 483M! daily! users! in!
December!2011!(Facebook,!2012);!Windows!Live!Messenger! in!February!2010!had!roughly!130M!a!day!(Oiaga,!2010);!
Skype! in! September! 2011! had! 65M!daily! users! (Caukin,! 2011).!No! data! on! the! user! numbers! of! for!Microsoft!Office!
Communicator/Lync!has!been!disclosed.!!
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called!“App<Store”)!that!is!well!integrated!with!Microsoft’s!product!portfolio.!Or,!Microsoft!could!ask!a!cus<

tomer!who!buy!a!different!product!(e.g.!Windows!8)!if!he!or!she!also!would!also!like!to!install!a!VoIP!client!

and!offer!the!own!client!in!a!selection!that!also!contains!competing!products.!This!is!the!approach!how!inter<

net!browsers!are!installed!on!operating!systems!nowadays.!Upon!termination!of!the!installation!of!Windows!

7,! for!example,! the!consumer! is!asked!whether!he!or!she!also!wishes!to!an! install!a!web!browser,!and!Mi<

crosoft’s! Internet!Explorer! if!offered!amongst!a!choice!of!competing!browsers!(e.g.!Chrome,!Safari,!or!Fire<

fox).!!

!

3.4.4. Incumbent!Telecommunication!Operators!

3.4.4.1. Defensive(Moves(

As! was! stated! earlier,! in! many! countries! the! incumbent! telecommunication! operators! are! often! also! the!

dominant! internet!service!providers.!Therefore,! it! is! in! their!power!to!take!technical,! legal!and!commercial!

actions!to!prevent!or!at!least!delay!the!deployment!of!VoIP!in!order!to!protect!their!telephony!revenues.!

Technically,!an!ISP!has!two!options.!It!can!either!make!the!use!of!VoIP!impossible!by!taking!certain!measures,!

or!make!the!user!experience!so!frustrating!that!people!themselves!decide!not!to!use!it.!The!ISP!can!make!it!

impossible!by!blocking!the!ports!or!IP!addresses!that!are!necessary!for!VoIP!programs!to!run!or!by!monitor<

ing!the!internet!traffic!and!filtering!out!data!packages!that!belong!to!VoIP!applications32.!The!ISP!can!make!

VoIP!an!unpleasant!experience!by! identifying!and! intentionally!delaying!VoIP!packages,! thereby!causing! in<

terruptions!in!the!flow!of!speech!and!low!quality.!

Discriminating!data!packages!depending!on!their!content!or!even!completely!eliminating!them,!however,!is!a!

clear!violation!of!one!of!the!basic!principles!of!the!internet:!the!net!neutrality.!As!Tim!Wu,!professor!at!Co<

lumbia!University!holds:!“Network!neutrality!is!best!defined!as!a!network!design!principle.!The!idea!is!that!a!

maximally!useful!public! information!network!aspires!to!treat!all!content,!sites,!and!platforms!equally.”!(Wu!

as!cited!in!Patterson,!2010,!p.!2843).!Hence,!techniques!as!the!ones!described!above!the!network!lower!the!

quality!of!the!internet.!Therefore,!in!the!United!States!the!regulator!bans!ISPs!from!using!such!measures!and!

also! in!Europe!cases!are!known!where!governments!prohibited! ISPs!from!blocking!certain!services!through!

DPI,! for! instance! in! the!Netherlands!where! the! incumbent! KPN!was! banned! from!blocking!WhatsApp! and!

Skype!on!its!mobile!data!network.!As!a!consequence!of!the!dispute,!the!concept!of!network!neutrality!was!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
32!A!technology!called!„Deep!Packet!Inspection“!(DPI)!makes!such!monitoring!and!elimination!of!undesired!packages!a!
fairly!easy!untertaking!for!ISPs.!!
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even!enshrined!into!a!Dutch!national!law!(O’Brien,!2011b).!Going!forward,!it!is!likely!that!more!countries!will!

adopt!similar!laws,!and!that!even!on!the!level!of!the!European!Union!landmark!decisions!will!be!taken.!!

Legally,!ISPs!may!put!into!their!terms!of!agreement!that!OTT!VoIP!products!are!not!allowed!on!their!network.!

In!Germany,!for!instance,!all!operators!of!fast!mobile!internet!networks!have!put!such!restrictions!in!place.!

Yet,!going!back!in!history!to!when!DSL!came!up,!also!in!the!area!of!fixed!internet!most!ISPs!did!not!allow!the!

usage!of!OTT!VoIP.!As!time!went!by,!however,!competition!between!the!operators,!and!the!pressure!from!

customers!and!regulators!eliminated!this!constraint.!It!is!therefore!likely!that!going!forward!also!in!the!area!

of!mobile!internet!such!legal!barriers!will!not!prevail.!

Commercially,! ISPs!may!bundle!their! internet!offering!with!a!telephony!subscription.! In! fixed!telephony,!as!

has!been!stated!before,!the!regulator!already!has!forced!ISPs!to!offer!also!“naked”!DSL!access,!without!bun<

dling! it! to!a! telephone! subscription.! In! the!area!of!mobile! telephony,!however,! internet!access! is! still! only!

available! in!combination!with!a!mobile! telephony!subscription,!which!means! that! in! fact!mobile! telephony!

and!mobile!internet!are!still!bundled.!With!the!importance!of!mobile!internet!rising,!legal!steps!by!the!regu<

lator!breaking!this!tie!are!likely.!!

3.4.4.2. ProGactive(Reactions((

The! fixed! telephony!market! is! shrinking!and!cost!pressure! is!high.!Therefore,!as!was! stated!earlier,! incum<

bents!have!an!interest!to!proactively!implement!end<to<end!VoIP!if!it!allows!them!to!reduce!costs.!However,!

incumbents!may!also!promote!IP2IP!proactively!if!it!opens!new!business!opportunities!for!them.!In!the!busi<

ness!area,!for!instance,!Swisscom,!the!largest!Swiss!telecommunication!operator,!implements!Microsoft!Ex<

change!and!Lync!solutions!at!the!sites!of!corporate!clients.!Although!Swisscom!thereby!cannibalizes!its!tradi<

tional!telephony!revenues,!the!additional!revenue!streams!resulting!from!the!implementation,!maintenance!

and!hosting!services!compensate!for!them.!!

Furthermore,! it!was! explicated! that! LTE! is! a! new! fast!mobile! internet! network! that! is! currently! being! de<

ployed!and!that!could!replace!legacy!mobile!networks.!It!is!important!to!note!that!LTE!is!an!all<IP!based!net<

work! and! that! in! its! technical! specifications! no! special! provisions! for! voice! telecommunication! have! been!

made.!Thus,!as!there!is!no!dedicated!voice!channel,!any!voice!over!the!LTE!network!would!in!fact!be!a!VoIP!

solution.!In!the!last!chapter!the!possibilities!were!discussed!that!the!incumbents!have!to!block!or!delay!the!

diffusion!of!VoIP.!However,!exactly!because!LTE!does!not!have!a!dedicated!voice!channel,!the!technology!can!

actually!be!a!chance!for!the!operators,!rather!than!a!threat.!!

Defensive Moves Mitigated through Regulation/Competition 



!

Specific!Empirical!Section!<!Empirical!Findings:!Factor!Analysis!of!Supply!Side! Version:!24/04/2012!
Voice!over!IP!2.0!<!An!Analysis!of!Potential!and!Limits!of!IP2IP!Telecommunication! Benjamin!Harder!

58!
Recapitulating!chapter!2.4.2,!for!VoIP!the!QoS!the!underlying!network!is!of!crucial!importance.!First,!LTE!op<

erators!may!offer! their! own!VoIP! telephony! services!with! a! guaranteed!quality33.!With! such!offering,! they!

could!differentiate! themselves! from!OTT!providers,!as! the!OTTs! lack! the!ability! to!guarantee!the!quality!of!

the!connection!due!to!the!fact!that!they!do!not!control!the!internet!access.!But!also,!the!incumbents!might!

consider!using!techniques!such!as!DPI!to!prioritize!VoIP!packages!of!OTT!VoIP!operators!rather!than!to!delay!

or!filter!them,!and!charge!a!premium!fee!for!this!prioritization!service.!Hence,!although!users!will!not!pay!the!

LTE!network!operators! for!OTT!phone!calls!on!a! time!metered!basis,!users!will! still!pay,! in!addition! to! the!

consumed!data!volume,!a!premium!for!having!a!subscription!plan!that!ensures!a!high!level!of!service!quality,!

because!such!plan! is! required! for! real<time!applications! such!as!VoIP.!Moreover,! such!pro<active!approach!

would!also!save!the!incumbents!the!trouble!to!develop!their!own!VoIP!applications.!

In!certain!countries!(e.g.!the!Netherlands),!making!traffic!prioritization!subject!to!tariffs!is!against!the!law,!as!

it!violates!the!earlier!introduced!concept!of!net!neutrality.!In!such!countries,!where!a!discrimination!against!

the!degree!of! network!quality! cannot!be! realized,! not! only!will! the! incentives! for! operators! to! invest! into!

their!expensive!networks!be! lowered,!but!also!will! the!costs! for! the!subscription!plans!be! increased,! inde<

pendently!of!whether!customers!use!real<time!services,!or!not.!This!is!what!actually!could!be!observed!in!the!

Netherlands!after!the!ban!of!traffic!prioritization!in!2011!(Preuschat,!2011).!!

As! long!as!jitter!and!latency34!problems!are!frequent,!and!the!ISP!operators!have!no!monetary!incentive!to!

prioritize!packages!of!OTT!VoIP!providers,!no!big!shift!away!from!the!incumbents!to!OTT!providers!will!take!

place!in!the!mobile!arena!because!the!OTT’s!quality!of!service!is!not!guaranteed.!In!residential!telephony!the!

incumbent!operators!are!already!equipping!many!new!customers!with!cost<advantageous!VoIP!devices! ra<

ther!than!PSTN!hardware.!Thus,!a!shift!at!the!CPE!and!not!only!in!the!incumbents’!backbones!towards!VoIP!

has!already!set!in.!Going!forward,!incumbents!will!migrate!their!customers!step<by<step!where!it!yields!a!cost!

advantage,!e.g.!if!class<5!PSTN!switches!need!to!be!replaced!anyways!and!implementing!a!VoIP!solution!real<

izes!a!cost!reduction.!Unless!such!overhaul,!however,!is!necessary!the!existing!PSTN!architecture!will!remain!

largely!unchanged.!In!business!telephony,!incumbents!are!more!proactive!and!implement,!maintain,!and!ser<

vice!OTT!solutions!as!business!partners!of!OTT!providers.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
33!Again,!most!customers!would!not!notice!that!the!offered!service!is!VoIP,!as!the!devices!continue!to!look!like!regular!
mobile!phones.!
34!See!footnotes!12!and!13!(page!28).!
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3.5. Empirical!Findings:!Factor!Analysis!of!Demand!Side!

3.5.1. Reliability!

3.5.1.1. Network(Accessibility(

A!fast!internet!connection!is!a!prerequisite!for!VoIP!services.!Most!households!fulfil!this!criterion!as!they!are!

subscribers! of! a! DSL! offering,! which! provides! them!with! fixed! high<speed! internet.! In! Switzerland,! for! in<

stance,!the!law!requires!telecommunication!operators!to!make!internet!of!at!least!1!Mbit/s35!accessible!to!all!

Swiss!households.!Also!in!the!business!area,!broadband!internet!connections!are!prevalent.!!

For!mobile!VoIP!users!may!either!rely!on!a!WLAN!connection,!or!use!a!cellular!3G/4G!network.!While!WLAN!

connections!are!reliable!and!fast,!they!come!with!the!disadvantage!that!they!only!have!a!limited!reach.!It!is!

technically!possible!to!extend!WLAN!networks!by!setting!up!various!access!points!that!are!distributed!over!a!

certain!area!that!repeat!the!WLAN!signal.!Such!extension,!however,!is!only!possible!on!a!limited!scale!(e.g.!on!

a!school!campus!or!office).!However,!the!handover!of!the!client!from!one!access!point!to!the!next!does!of<

tentimes!not!take!happen!fast!enough!to!avoid!the!signal!of!the!VoIP!call!from!being!interrupted.!Hence,!it!is!

possible!to!use!VoIP!on!extended!WLAN!networks,!but!if!the!

person!is!moving!the!call!might!be!interrupted!repeatedly.!!

Thus,!while!WLAN!might!be!an!option! for!mobile!VoIP! in!a!

limited!locale!(e.g.!an!office),!for!unimpeded!mobility!a!cellu<

lar!connection!is!necessary!(e.g.!3G!or!4G).!Such!high<speed!

mobile!internet!networks!are!currently!in!the!stage!of!being!

deployed.! Many! rural! areas! still! lack! fast! mobile! internet.!

This! can!be!observed! in! Figure! 17! the! current! situation! for!

Germany! was! depicted.! The! red! spots! indicate! areas! that!

lack!3G!or!4G!access.!!

The!German!state!ruled!LTE!to!first!be!deployed!in!rural!are<

as!and!that!only!once!those!regions!are!served!urban!areas!

may!be!connected.!Therefore,!the!deployment!of!LTE!is!like<

ly!to!cause!the!red!spots!on!the!map!to!disappear!quite!rap<

idly,! making! cellular! high<speed! internet! soon! accessible!

everywhere.! It! is!expected! that!by!2013,!90%!of!all! regions!

with!up! to! 20’000!habitants!will! be! served!with! LTE! (com!,!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
35!1!Mbit/s!applies!as!of!April!1st,!2012.!For!this!service,!the!operator!may!charge!maximally!CHF!55!per!month.!Before,!
the!minimal!speed!was!600Kbit/s,!which!would!have!already!sufficed!for!VoIP,!and!the!price!was!higher!at!CHF!69!per!
month!(SF,!2011).!

3G / 4G Network Coverage Germany 
 

Unserved Region 

As of February 2012 

 
Figure,17:,3G/4G,Network,Coverage,in,Germany,,
including,UMTS,,HSDPA,,and,LTE,Networks,of,

Vodafone.,

Source:,Vodafone,(2012).,Similar,data,is,also,available,
for,Deutsche,Telekom,(2012).,
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2011).!By!January!1st,!2016,!LTE!operators!are!legally!required!to!serve!90%!of!the!entire!German!population.!

(Bundesnetzagentur,!2010)!

Today,!many!LTE!operators!bind!their!customers!to!one!specific!antenna.!If!out!of!reach!of!that!antenna,!us<

ers!cannot!connect!to!the!network!for!which!reason!their!mobility!is!limited!to!a!small!area.!In!Germany,!for!

instance,!all!LTE!operators!have!this!restriction!in!place.!Hence,!as!with!WLAN,!LTE!at!this!moment!does!not!

serve!for!replacing!mobile!telephony.!Notwithstanding,!once!LTE!will!have!been!deployed!on!a!large!scale!it!

is!likely!that!such!restrictions!will!be!removed!(c.f.!chap.!3.4.4).!!

!

3.5.1.2. Permanence(of(Connection(

One!essential! requirement!for!solutions!that!are!to!substitute!classic! telephony! is! that!the!end<devices!are!

permanently!reachable!for!incoming!calls.!In!the!area!of!fixed!VoIP!telephony,!the!advent!of!additional!hard<

ware!(e.g.!VoIP!phones)!has!made!a!permanently!running!computer!redundant!and!permanent!DSL!connec<

tions!with!flat<rate!pricing!models!ensure!the!VoIP!devices!are!always!connected.!!

In!the!mobile!area,!however,!due!to!several!reasons!(e.g.!battery!capacity,!tariff!models),!the!internet!con<

nections!are!usually!only!switched!on! if!the!user!actually!uses! it,!but!they!are!switched!off!during!standby.!

Hence,!mobile! VoIP! at! this! point! of! time! lacks! permanent! connectivity.! Advances! of! technical! nature! that!

come!with!LTE!and!competition!between!the!telecommunication!operators!are!likely!to!mitigate!the!issues,!

for!which!going!forward!both!in!the!area!of!mobile!and!fixed!VoIP!clients!will!permanently!be!reachable!(c.f.!

Gemalto,!n.d.).!

3.5.2. Quality!

3.5.2.1. Guaranteed(Service(Level(of(the(Network(

As!was!already!stated!various!times!in!this!thesis!the!quality!of!the!internet!connection!directly!corresponds!

with!the!quality!of!a!VoIP!call.!Where!the!VoIP!and!internet!are!offered!by!the!same!company,!the!quality!of!

the!internet!connection!usually!is!not!an!issue!as!the!ISP!can!guarantee!that!sufficient!bandwidth!is!reserved!

for!VoIP!and! it! can!prioritize! the! service.! In! case!of!OTT!VoIP,!however,! the! situation! is!different,!because!

OTTs!cannot!guarantee!any!bandwidth,!as!controlled!by!the!ISP.!!

Yet,!although!OTTs!cannot!guarantee!the!quality!of!service!in!fixed!private!VoIP!this!is!rarely!a!problem.!Usu<

ally,!sufficient!bandwidth! is!available,! for!which!OTT!VoIP!works!smoothly!even! if!not!preferred!over!other!

internet! traffic.! In! the!business!area,!contracts!between!companies!and! ISPs!often! include!clauses!defining!

the!quality!and!service!level!the!internet!connection!needs!to!fulfil.!As!these!terms!are!set!rigidly!frictionless!

usage!of!OTT!VoIP!is!possible.!!

Network Accessibility Granted due to Imposed Rural LTE Deployment 

Permanence of Connection Granted with LTE Deployment 
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More!problematic!is!QoS!of!OTT!VoIP!in!cellular!networks.!The!volume!of!mobile!internet!traffic!is!exploding.!

Between!2010!and!2015,!Cisco! (2011)!expects! the!data! traffic! to! further! increase!26<fold,!and! that!mobile!

VoIP!will!exhibit!a!CAGR!of!42%.!The!question!comes!up!if!the!mobile!internet!networks!are!up!to!the!task!of!

dealing!with!this!increased!load,!and!if!OTT!VoIP!will!run!smoothly!given!it!lacks!prioritization!and!competes!

with!much!other!traffic.!

Depicted!on!the!right!side!of!Figure!18!is!the!evolution!of!the!speed!rates!of!the!mobile!internet!networks.!As!

can!be!seen!on!the!logarithmic!scale,!LTE!will!provide!speed!rates!that!are!up!to!100!times!higher!than!UMTS.!

Together!with!the!further!development!of!sub<standards!of!LTE!and!UMTS!(e.g.!HSDPA+),!the!networks!are!

therefore!likely!to!be!capable!of!absorbing!the!strain.!!

!

3.5.2.2. Voice(Codecs(

Codecs36!are!pre<defined!routines!that!determine!how!the!voice!signals!are!digitised,!compressed,!transmit<

ted!and!later!re<converted!back!into!audio!signals.!Classic!codecs!simply!translated!voice!signals!into!bits!and!

bytes,!transmitted!them!and!converted!them!back.!Yet,!in!case!of!jitter!or!other!network!issues!the!acoustic!

signal!was!distorted.!Modern!codecs!circumvent!this!issue!by!three!measures.!First,!many!codecs!are!capable!

of! so<called! packet<loss! concealment.! In! case! packages! have! been! lost! during! transportation! (and! hence!

some!of!the!voice!signals!are!missing),!modern!codecs!takes!appropriate!steps!to!hide!this!fact!from!the!user.!

For! instance,! if!only! few!packages!have!been! lost,! the!codecs!simply!reproduce!the!same!sound!again!that!

was!contained!in!the!previous!packet.!Hence,!the!missing!packet!is!replaced!through!a!copy!of!the!previous!

one.! For! the!human!ear! this! is!barely!noticeable!while!a! short! silence!would!be.! If!more!packages!are!de<

layed,!the!codecs!wait!for!a!certain!time!period!until!they!have!gathered!sufficient!data!packages!for!repro<

ducing!the!sound!signals.!As!this!waiting!leads!to!a!delay,!once!the!reproduction!sets!in!the!codecs!accelerate!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
36!Widely!used!audio!codecs!for!VoIP!are!G.711!or!G.729.!!

Mobile Network Traffic 
Petabytes per Month 

Mobile Data Connections 
Theoretically Possible Speed Rates 

Figure,18:,Evolution,of,Mobile,Data,Networks.,,

Source:,Cisco,(2011);,Breuer,(2011).,

Network Service Level Granted by Fixed & Mobile Broadband Internet 
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the!sound!signals!in!order!to!bring!the!conversation!back!to!real<time.!For!the!human!ear!also!this!trick!is!not!

noticeable.!

Moreover,! modern! codecs! have! stronger! compression! algorithms.! Hence,! even! if! the! network! is! heavily!

loaded! the! lean! voice! data! packages! are! transmitted! successfully.! Furthermore,!many! codecs! today! adapt!

their!degree!of!compression!to!the!available!bandwidth.!Hence,! if!more!bandwidth! is!available,!the!codecs!

reduce! their! compression! efforts,! thereby! consuming! less! processing! power! of! the! VoIP! devices,!which! in!

case!of!mobile!devices!is!beneficial!for!the!battery.!In!case!of!less!bandwidth,!codecs!lower!quality!if!neces<

sary!and!compress!more!heavily,!consuming!more!processing!power.!In!practice,!Lync!is!one!example!of!VoIP!

client!that!has!such!measures!implemented.!!

By! today,! audio! codecs! seen! significant! improvements.! In! the! road!ahead,! even!more!progress! can!be!ex<

pected,!which!will!lead!to!an!increase!in!quality!of!VoIP,!even!in!case!of!slow!internet!connections.!

!

3.5.3. Price!

3.5.3.1. Switching(Costs(

For!many!telephony!users!monetary!considerations!play!a!vital!role!in!their!decision!whether!or!not!to!adopt!

VoIP.!Two!distinct!monetary!aspects!exist;!on!the!one!hand,!the!costs!that!arise!per!call,!and!on!the!other!

hand!the!expenses!that!occur!in!the!process!switching!from!PSTN!to!VoIP.!The!switching!costs!are!the!subject!

of!this!chapter,!while!the!costs!per!call!are!tackled!in!the!next!one.!!

For! residential! customers,! switching! costs! are! low! as! VoIP! operators! usually! equip! them!with! inexpensive!

modems!or!ATA!adaptors!that!enhances!their!legacy!device!with!VoIP!capabilities.!Hence,!from!the!user!side!

no!or! little! investment! is! required.!The!situation! is!different! if!consumers!wish!to!take!full!advantage!of!all!

additional! features! that!may!be!built!around!VoIP,!e.g.!video!telephony.!Then,!suitable!devices!need!to!be!

purchased.!If!OTT!software!applications!are!used,!for!instance!for!international!calls,!switching!costs!are!also!

low!as!the!download!of!such!applications!usually!is!free!and!a!paid<for!subscription!plan!is!not!required.!

For!using!VoIP!on!mobile!devices!users!need!smart!phones!that!are!capable!of!running!OTT!software!applica<

tions.!Switching!costs!occur!if!potential!users!do!not!yet!possess!such!smart!phone.!As!smart!phones!sell!with!

a!significant!price!mark<up!in!comparison!to!regular!mobile!phones,!it!takes!its!time!until!the!majority!of!the!

market!possess!such!advanced!devices.!As!Figure!19!reveals,!however,!already!today!in!developed!markets!

the!penetration!with! smart! phones! amongst! the!18<49! year! old!population! is! high! and! almost! half! of! this!

strata!uses!smart!phones.!In!Singapore!it!is!even!a!large!majority.!Only!amongst!the!generations!older!than!

50!the!possession!rate!is!significantly!lower.!As!time!goes!by,!however,!also!this!segment!will!adopt!exhibit!

more!smart!phones!per!capita,!simply!because!the!current!strata!of!the!30<49!year!olds!is!turning!older.!!

Voice Codecs Highly Developped, Ensuring VoIP Quality 
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As!a!measure!of!customer!retention,!many!telecommunication!operators!offer!new!mobile!phones!to!their!

subscribers!once!their!contract!plan!expires!if!they!renew!it.!Such!subscription!plans!usually!last!between!two!

and!four!years,!for!which!this!is!the!time!period!after!which!the!average!user!replaces!his!or!her!cell!phone.!

Hence,!over!the!next!four!years!the!degree!of!the!people!that!do!not!yet!possess!a!smart!phone!will!decrease!

due!to!two!reasons.!On!the!one!hand,!some!of!the!people!that!currently!are!still!bound!to!a!subscription!plan!

that!included!a!classic!cell!phone!at!the!time!it!was!signed!may!switch!to!a!smart!phone!once!their!contract!

expires!and!is!renewed.!On!the!other!hand,!because!users!that!currently!possess!a!smart!phone!will!sell!their!

current!device!once!they!renew!their!contract!and!get!a!newer!smart!phone,!people!that!traditionally!could!

not!afford!such!an!expensive!device!will!have!the!possibility! to!acquire!one!for! less!money!on!the!second<

hand!market! (e.g.! Ebay).!Worldwide,! the! smart! phone! penetration!was! growing! at! 70%! in! 2011,! and! the!

number!of!devices!in!2013!is!expected!to!reach!2bn!(Kadtke,!2012).!

In! corporate! telephony!switching!cost!are! significant!because!much!of! the!existing!hardware!has! to!be! re<

placed!in!order!to!migrate!from!PSTN!to!VoIP.!Though,!because!operability! increases!and!cost!savings!on!a!

per<call!basis!offset!the!initial!investments!soon,!many!of!the!large!companies!have!already!switched.!In!addi<

tion,!as!larger!companies!usually!possess!over!an!internal!IT!department,!the!knowledge!and!capacity!to!mi<

grate!to!VoIP!are!available.!For!SMEs!switching!costs!may!also!be!considerable.!Yet,!there!an!internal!IT!de<

partment! that!may!organize! and! conduct! the!migration!process! is! often! lacking.!As! a! result,! for! SMEs! the!

adoption!velocity!is!lower!than!for!larger!firms.!!

3.5.3.2. Costs(Per(Call(

When!analysing!the!costs!for!VoIP!calls!two!things!need!to!be!separated.!One! is!the!fee!that!arises!for!the!

telephony!service!as!such;!it!is!the!premium!that!is!paid!for!VoIP,!but!which!does!not!have!to!be!paid!for!oth<

er!internet!services!(e.g.!watching!YouTube!videos!or!web<browsing).!The!other!is!the!costs!that!arise!for!the!
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Figure,19:,Smart,Phone,Penetration,in,Select,Countries.,,

Source:,OurMobilePlanet,(2011).,
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transportation!of!data!packages;!costs! that!would!also!occur! if! the!connection!was!used! for!services!other!

than!VoIP.!These!two!elements!are!the!reason!why!VoIP!calls!may!incur!costs!despite!the!fact!that!VoIP!as!a!

telephony!service!may!be!free.!This!chapter!analyses!the!two!items!separately!in!turn.!

Premium,for,Telephony,Service:,

Traditional!telephony!was!time<metered!and!the!longer!a!call!lasted!the!more!the!caller!was!charged!for!it.!

Calls!to!other!telecommunication!operators!were!subject!to!so<called!interconnection!fees!that!were!usually!

defined! by! the! government.! Already! today,! this!model! has! seen! changes.! In! residential! telephony,! incum<

bents!have!started!offering!unlimited!calls!for!a!monthly!flat<rate!tariff!to!other!subscribers!of!their!network,!

and!sometimes!even!to!fix!and!mobile!customers!of!other!operators.!With!the!complete!transition!towards!

all<IP!networks!also!the!interconnection!fees!will!eventually!disappear!as!they!have!their!legitimation!in!cir<

cuit<switched!networks!where!calls!actually!had!to!be!routed!through!dedicated!infrastructure.!This!will!low<

er!the!price!for!telephony!further.!

Few!years!back,!the!revenues!of!the!incumbent!operators!consisted!of!the!basic!subscription!fees!for!the!te<

lephony! access! plus! the! incomes! stemming! from! time<metered! calls! and! SMS! (see! Figure! 20).! Today,! a!

change! in! the! revenue! structure! can! be! observed! and! low<priced! bundles! have! gained! importance.! These!

bundles!usually!consist!of!flat<rated!telephony<related!elements!(e.g.!free!calls!to!fix!and!mobile!numbers!or!

hundred!included!SMS),!internet!access,!and!sometimes!even!television.!By!offering!an!entire!ecosystem!in!a!

bundled!manner!the!incumbents!aim!to!retain!their!customers.!The!price!of!these!bundles!as!well!as!for!the!

individual!elements!contained!in!them!is!prone!to!fall!further!due!to!competition!between!operators.!

Going! forward,!one!will! observe! that!an! increasing! share!of! the! incumbents’! revenues! stem! from!bundled!

offerings.!However,! in! the! long<term! it! is! likely! that! regulators!will!oblige! the! incumbents! to!also!offer!un<

bundled!mobile! internet!access.!This!will!cause!data<volume<!and!quality<oriented!tariff!models!to!gain! im<

portance!in!the!mobile!area.!This!will!be!explained!in!more!detailed!below!under!Cost%for%Data%Traffic.!

Also!in!corporate!telephony,!time<metered!telephony!has!become!rare.!Today,!flat<rate!tariffs!are!the!widely!

applied!standard!and! in!companies! that!have!switched! to!VoIP!solutions!oftentimes!calls!are!even!entirely!
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free!as!long!as!they!stay!within!certain!networks.!For!instance,!companies!that!have!deployed!Lync!may!join!

so<called!“Federations”!with!other!companies!that!also!use!Lync.!Configured!in!such!way,!the!software!appli<

cation!is!capable!of!establishing!free!VoIP!calls!between!any!members!of!such!federation.!Hence,!if!two!com<

panies!are!in!a!federation!together!their!employees!may!call!one!each!other!for!free.!Lync!may!also!be!con<

nected!to!certain!VoIP!solutions!of!other!providers.!While!on!a!per<call!basis!no!fees!are!charged,!the!usage!

of! the!gateway!between! the!other!providers’! and!Microsoft’s!network! is! subject! to! a! low,! annual! flat<fee.!

Over! the!next! ten! years,! such! free!or! inexpensive!network! alliances!will! gain! importance! in! the! corporate!

segment.!

Costs,for,Data,Traffic:,

VoIP!causes!data! traffic.!On! fixed! internet!connections!data! flat<rates!are!prevalent,!which! is!why! for!VoIP!

calls!no!additional!costs!for!the!data!transmission!arise.!On!mobile!internet!connections!in!contrast,!fees!for!

data!traffic!are!still!a!considerable!cost!driver.!Frequently,!ISPs!charge!for!data!consumption!on!a!pay<as<you<

go!basis.!Alternatively,!they!define!volume!contingents!within!which!the!consumption!of!mobile!data!traffic!

is!free,!but!beyond!which!additional!fees!are!due.!This!model!is!referred!to!as!capped!flat<rate.!In!the!domes<

tic!setting,!the!price!for!data!connections!has!been!decreasing!over!the!last!years!and!it!is!unlikely!that!this!

trend!will!be!reversed!in!the!future.!!

In!the!international!setting,!mobile!data!traffic!is!still!tremendously!pricy!because!the!roaming!fees!for!data!

connections!remain!exorbitantly!high.!Many!regulators,!including!the!European!Commission,!are!looking!into!

measures!to!reduce!international!data!roaming!fees!though.!In!addition,!international!operators!have!started!

offering!own! roaming<free!data!plans! (e.g.!Vodafone).!Hence,!also! internationally!mobile! internet! traffic! is!

likely!to!become!cheaper.!!

To!date,!mobile!internet!on!cell!phones!is!oftentimes!only!offered!in!a!bundle!with!a!telephony!contract.!As!

on<net!calls!are!usually!free!of!charge,!for!consumers!it!does!not!make!sense!to!use!OTT!VoIP!for!calls!bound!

to!other!subscribers!of!the!same!cellular!network.!However,!where!flat<rated!mobile!telephony!offerings!are!

absent!(e.g.!for!international!calls!from!the!mobile!phone!or!if!the!callee!is!subscribed!to!a!different!network!

operator),!adoption!of!OTT!VoIP!will!happen!faster,!as!the!data!volume<metered!VoIP!option!oftentimes! is!

more!economic!than!time<metered!telephony.!!

As!was!stated!earlier! in!chapter!3.4.4.2,! it! is!conceivable!that!going!forward!ISPs!will!charge!a!premium!for!

guaranteeing!a!high!service! level!and!quality! for!OTT!VoIP.!While!some!private!users!may!accept! interrup<

tions!in!VoIP!calls!and!do!not!purchase!the!quality!guarantee,!many!others!will!be!willing!to!pay!a!bit!more!if!

it!ensures!them!an!excellent!quality!for!OTT!VoIP.!This!applies!especially!for!corporate!clients!that!use!OTT!

VoIP!to!interact!with!suppliers,!investors,!clients!or!co<workers.!!

!
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3.5.4. Functionality!

3.5.4.1. Additional(Features(

Strictly! speaking,! the! term! VoIP! only! refers! to! the! transmission! of! voice! signals! over! the! internet.! In! the!

broader! context,! however,! VoIP! is! an! essential! part! in!many! internet<based! applications.! In! the! corporate!

arena,!for!instance,!VoIP!is!a!core!element!of!unified!communications!(UC)!platforms!that!enable!people!to!

communicate!and!collaborate.!!

In!fact,!UC!is!not!a!new!concept.!Already!the!invention!of!ISDN!enabled!UC!elements!such!as!video!confer<

ences!or!telephony!calls!with!more!than!two!participants.!However,!most!people!were!not!aware!of!the!ex<

istence!of!these!services,!did!not!know!how!to!use!the!equipment!properly,!did!not!even!possess!the!neces<

sary!devices,!or!were!not!willing!to!pay!the!prohibitively!expensive!connection!fees.!The!advent!of!VoIP!has!

made!the!use!of!UC!functions!not!only!much!more!affordable,!but!the!clients!have!also!become!much!more!

user<friendly.!Hence,!while!VoIP!in!a!narrow!sense!only!refers!to!voice!communication!over!the!internet,!in!a!

broader!sense!it!has!enabled!UC!to!become!more!widely!used.!Large!companies!that!rely!on!the!advanced!

features!of!UC! therefore!have!proactively! implemented!VoIP,! not! only! because!of! the! advantages!of!VoIP!

itself,!but!also!to!fully!exploit!the!potential!of!the!services!encompassing!the!technology.!!

Similarly,!mobile! telephony!users!will! proactively! adopt!VoIP! not! only! because!of! cost! reductions,! but! be<

cause!it!enables!them!to!use!their!smart!phone!for!enhanced!functions,!e.g.!video!telephony.!The!demand!of!

video!telephony!will!sharply!increase!in!the!coming!years,!in!particular!for!calls!between!people!that!are!so<

cially!close,!e.g.!family,!friends.!This!again!will!foster!the!diffusion!of!VoIP.!!

Private! fix<net!customers!or!SMEs!mainly!use! their!devices! to!make!simple!phone!calls!and!additional! fea<

tures!beyond!an!answering!machine!are!oftentimes!not!valued.!These!customer!segments!will!therefore!only!

switch! to!a!VoIP!solution!proactively! should! the!quality!of! such!solution!be!notably!better! than! the!classic!

telephony!and!affordable.!Beautiful!features,!however,!will!not!affect!them!in!their!decision.!!

3.5.4.2. Operability(Advantages(

Besides!the!cost!advantages!and!features!that!are!built!around!VoIP,!the!technology!is!also!implemented!be<

cause! of! the! enhanced! operability! it! provides.! In! contrast! to! classic! telephony,! devices! only! need! to! be!
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plugged! to!an! internet!connection! rather! than!being!cabled! individually.!Furthermore,! fix<net!numbers!be<

come!mobile!and!can!be!used!anywhere!in!the!world.!In!particular!for!companies!with!a!highly!mobile!work<

force!such!operability!advantages!are!a!key!reason!for!implementing!VoIP.!!

Over!the!recent!years,!the!operability!and!mobility!of!VoIP!has!even!been!increased.!At!the!beginning,!dedi<

cated!hardware!was!required!to!use!the!technology,!and!this!hardware!had!to!be!taken!along!if!consumers!

wanted!to!use!VoIP!elsewhere.!Later,!all!that!was!needed!was!a!software!client!to!be!installed!on!computers.!

Today,!a!trend!towards!cloud<based!clients!can!be!observed.!Cloud<based!refers!to!software!solutions!that!

run!on!the!internet!and!can!be!accessed!via!a!web<browser,!but!do!not!require!any!installation!on!the!local!

device!anymore.!Hence,!all!consumers!need!is!a!device!with!a!web<browser.!Although!the!cloud<based!con<

cept!is!relatively!new,!first!VoIP!clients!of!this!type!already!exist!and!going!forward!cloud<based!solutions!will!

more!and!more!substitute!other!installation<!or!hardware<based!clients.!!

For!residential!customers!and!SMEs,!operability! issues!are!of! little! importance!due!to!the!fact!that! it! is!the!

idea!of!the!fixed!phone!to!be!stationary.!Hence,!fix<net!phones!usually!are!not!moved!around.!For!mobility,!

users! rely!on! the!mobile!phone.! The!only! criterion! that!matters! to! them! is!whether! the! telephone!works.!

Hence,!operability!advantages!will!not!cause!the!residential!customer!segment!to!switch!to!VoIP.!!

In!the!area!of!mobile!VoIP,!to!date!the!battery!capacity!of!smart!phones!is!a!serious!constraint.!The!cellular!

internet!connection,!complex!software!architecture!of!OTT!VoIP!clients,!and!touchscreen!displays!eat!up!lots!

of!battery!power,!thereby!requiring!the!cell!phone!to!be!recharged!within!short!period!of!time,!and!all!to!of<

ten!even!after!less!than!a!day.!As!a!consequence!the!battery!power!until!now!has!limited!OTT!VoIP!in!replac<

ing! classic!mobile! telephony.! In! the! forthcoming! years!more!efficient! software! architectures,!more!energy!

efficient!cellular!internet!connections!and!improving!battery!technologies!are!likely!to!mitigate!this!problem.!

Per!annum,!battery!capacities!tend!to!increase!10%!and!new!revolutionary!technologies37!are!in!the!pipeline!

that!may!completely!solve!this!issue.!!

!

3.5.5. Convenience!

3.5.5.1. User(Experience(

The!more!compatible!an!innovation!is!with!the!experiences!users!have!made!in!the!past!the!faster!its!adop<

tion! rate! is! (c.f.! chapter!2.2.2).! In! the! case!or! residential! telephony!and!SMEs!where!even!PSTN!operators!

gradually!shift!their!customers!to!VoIP!this!compatibility!is!very!high,!as!for!the!user!in!the!entire!transition!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
37! IBM,! for! instance,! is! currently! investigating! the!possibility! to!build! lithium!batteries! that!work! in! reaction!with! the!
surrounding!air.!
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process!the!appearance!of!the!phone!and!the!way!of!using!it!are!not!altered.!Only!if!private!fix<net!users!de<

cide!to!take!advantage!of!more!advanced!services!the!user!experience!changes,!for!instance!if!customers!use!

OTT!VoIP!such!as!Skype!for!making!international!calls.!The!user!experience!is!changed,!because!they!no!long<

er!use!their!phone!to!make!such!calls,!but!instead!rely!on!a!software!client!installed!on!their!computer.!An<

other!example!can!be!found!in!the!small! fraction!of!consumers!that!use!their!television!with!an! integrated!

camera! and!VoIP! client! for! video! telephony.! The!named!examples,! however,! only! apply! to!niche!markets.!

Also!going!forward!the!majority!of!the!residential!telephony!users!will!rely!on!classic!telephones.!!

What! can!be!observed,! though,! is! that! younger!generations,! cost!aware!users!and!one<person<households!

have!started!to!substitute!their!fixed!phone!through!a!mobile!one!because!with!the!advent!of!affordable!flat<

rated!contracts!for!mobile!telephony!the!cost!advantages!of!fixed!telephony!have!been!eroded.!In!families,!

however,!the!fixed!phone!continues!to!be!a!standard!item!in!households,!as!it!fulfils!three!functions.!First,!it!

is!the!point!of!contact!for!matters!that!concern!the!family,!and!not!just!an!individual,!e.g.!invitations!to!a!din<

ner.!Second,!it!allows!parents!to!control!by!whom!their!children!are!called.!And!third,!the!fixed!phone!is!of<

ten!used!by!older!generations,!who!do!not!possess!mobile!phones.!In!the!forthcoming!years,!however,!also!

amongst! the! youngest! and! the!older! generations! the!penetration!with!mobile!phones!will! increase,!which!

will!make!the!stationary!phone!also!in!families!more!redundant.!Hence,!the!number!of!fix<net!subscribers!is!

expected!to!continue!to!fall!and!stabilize!at!a!lower!level.!

The! introduction! of! VoIP! in! corporate! telephony! has,! in! contrast! to! residential! telephony,! oftentimes!

changed!the!user!experience.!In!order!to!save!costs,!many!companies!decided!to!use!software!clients!rather!

than!hardware!phones.!Given!the!obvious!difference!between!the!two,!people!are!aware!of!the!change.!Yet,!

while! in! the! beginning! corporate! VoIP! clients! were! rather! complicated,! newer! ones! are! intuitive,! user<

friendly!and!well<integrated!in!other!software!applications!that!many!of!the!users!are!already!familiar!with.!

Lync,!for!instance,!is!interconnected!with!the!Microsoft!Outlook!address!book!that!many!people!are!familiar!

with.!Upon!choosing!a!contact!here,!Lync!is!capable!of!establishing!a!free!VoIP!call.!

In!mobile!VoIP!a!main!factor!determining!user!experience!is!the!address!book.!Already!today,!callers!hardly!

ever!digit!numbers,!but!select!the!callee’s!name!in!the!contact!manager/address!book!of!the!smart!phone.!

Hence,! for!being!consistent!with!past!experiences,! it!must!be!possible! to! start!VoIP! calls! from! the!contact!

manager!rather!than!from!a!separate!application!that!has!its!own!address!book.!Indeed,!newer!smart!phones!

already!are! capable!of!aggregating!more! information! then! just!name!and! telephone!number!under!an!ad<

dress!book!entry.!For!instance,!also!email!addresses!may!be!stored,!one!can!post!on!somebody’s!Facebook!

wall,!or!the!callee’s!availability!can!be!displayed.!Going!forward,!the!integration!of!the!address!books!of!VoIP!

solutions!into!the!contact!manager!of!the!smart!phone!will!become!more!frequent.!The!caller!may!then!de<

cide!how!to!contact!the!callee.!By!calling!the!cell!phone?!Or!the!stationary!phone?!Per!Skype?!!
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Today,! integrating! the! various! communication! channels! into! the! contact!manager!of! the! smart! phone! still!

requires!a!certain!technical!affinity!from!the!user.!With!Microsoft!bringing!the!address!books!of!Skype,!Lync,!

Facebook,!Hotmail,!etc.! closer! together,! such!aggregation! is! likely! to!become!more!straight<forward! in! the!

near!future.!!

!

3.5.5.2. Backward(Compatibility(

Classic!telephone!numbers!were!instructions!that!indicated!how!a!call!was!to!be!routed!through!the!circuit<

switched!telephone!network.!Today,!with!the!IP!backbone!and!emerging!end<to<end!VoIP!connections,!they!

longer! serve! as! switching! instructions,! but! have! become! placeholders! for! addresses.! Yet,! also! as! address!

placeholders!the!importance!of!telephone!number!has!declined.!Nowadays,!as!was!stated!above,!most!peo<

ple!rely!on!address!books!that!are!integrated!into!the!telephony!devices.!There,!the!user!selects!the!name!of!

the!callee!and!automatically!the!telephone!number!is!dialled!that!is!stored!behind!the!callee’s!address!book!

entry.!Hence,!rather!than!typing!a!number,!one!oftentimes!“dials”!a!name!in!the!contact!manager.!

As!address!book!entries!can!also!store!other!information!than!just!telephone!numbers,!it!is!conceivable!that!

the! legacy! telephone!number! is! substituted!by! a! different! addressing! system.! For! instance,! instead!of! the!

telephone!numbers!Skype!usernames!could!be!stored.!Or!Facebook!profiles.!Many!smart!phones!already!to<

day!allow!to!integrate!Facebook!profiles!into!the!smart!phone’s!contact!manager,!and!for!texting!the!users!

may!decide!whether!to!send!a!paid<for!SMS,!or!a!free38!private!message!on!Facebook!over!the!internet.!With!

Skype! and! Facebook! being! integrated! it! is! conceivable! that! going! forward! one!will! also! be! able! to! decide!

whether!to!contact!the!callee!via!a!classic!telephone!number,!or!via!a!VoIP!solution,!e.g.!the!Skype/Facebook!

interface.!

Notwithstanding,!for!several!reasons!also!in!ten!years!the!PSTN!number!will!still!be!the!dominant!addressing!

system.!First,!fixed!phones!have!a!long!lifecycle!and!the!majority!of!today’s!devices!do!not!support!any!ad<

dressing!system!other!than!the!classic!one.!In!addition,!in!rural!areas!and!economically!less!endowed!regions!

the!penetration!with!smart!phones!is!low,!for!which!a!change!to!a!different,!internet<based!addressing!sys<

tem!is!unlikely.!Plus,!although!Skype!has!a!large!user!base,!it!is!far!from!being!a!generally!accepted!address<

ing!standard.!Without!a!dominant!standard,!however,!the!established!and!worldwide!unified,!accepted!and!

deployed!E.164!numbering!system!is!unlikely!to!be!replaced.!!

Furthermore,!changing!away!from!the!telephone!number!to!some!other!system!(Skype!username,!Facebook!

profile,!email!address,!etc.)!would!require!a!major!rethinking!for!most!of!the!people.!For!an!average!user,!for!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
38!Sending!a!message!over!the!internet!may!still!incur!costs!as!data!traffic!is!caused!(c.f.!chapter!3.5.3.2).!Data!traffic!for!
such!message,!however,!is!negligible.!
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instance,! it!may!not!be!easy!to!understand!that!somebody!can!be!called!by!dialling!an!email!address.!Such!

change!in!the!minds!takes!time.!!

Lastly,!many!private! users! feel! emotionally! connected! to! their! telephone!number! and! also! for!many!busi<

nesses!the!classic!number!has!certain!significance.!For!instance,!mainly!large!and!professional!institutions!use!

the!prefix!0800! in!Switzerland,! for!which!telephone!numbers!beginning!with! it! radiate!seriousness.!The!at<

tempt!abandon!the!E.164!numbering!plan!in!favour!of!some!other!addressing!system!would!therefore!face!

some!hesitation.!!

For!the!reasons!stated,!in!the!medium!term!no!considerable!shift!away!from!the!E.164!addressing!system!will!

occur.!Therefore,!even!if!going!forward!a!majority!of!the!market!switches!to!VoIP!solutions!(e.g.!Lync,!Skype),!

clients!shooting!for!the!mass!market!need!to!retain!backward!compatibility!to!the!PSTN!network,!as!other<

wise!a!large!number!of!people!could!not!be!reached.!Indeed,!for!some!time!more!the!PSTN!will!remain!the!

fall<back!network!that!connects!everyone!that!cannot!be!connected!through!a!direct!IP!connection.!

3.5.6. Security!

3.5.6.1. Data(Privacy(

For!private!users!data!privacy!is!often!less!of!a!problem!than!for!business!customers.!For!them,!data!such!as!

addresses!of!clients!or! investors,!business!documents,!etc.!may!be!core!assets.! Integrating!various!address!

books! (e.g.! Lync,!Outlook,! Skype,! Facebook,! etc.)! into!one! contact!manager! that! stores!a!backup! in! a! syn<

chronized!internet!database!(e.g.!the!address!book!of!Google’s!Android39)!is!a!trust!issue.!Questions!like!“Is!

my!data!secure!against!unauthorized!access?”,!“To!what!extend!can!the!host!of!the!database!(e.g.!Google)!

retrieve!the!information!is!stored!in!it?”,!or!“What!are!the!information!that!are!exchanged!between!the!local!

device! and! the!database?”! are! serious! concerns! that!deserve!attention!and! require! a! transparent! answer.!

Yet,! as! the! large!operators! behind! the!databases! containing! the! address! books! (Microsoft;!Google;!Apple;!

SAP;!etc.)!are!professional!IT!firms!that!fulfil!highest!standards!of!privacy,!data!concerns!on!the!level!of!the!

address!books!is!unlikely!to!impede!the!diffusion!of!VoIP.!At!the!most,!it!will!slow!down!the!cross<platform!

integration.!

In!fact,!data!privacy!considerations!may!even!be!a!reason!for!users!to!switch!to!an!OTT!VoIP!solution,!as! it!

allows!them!to!reduce!the!quantity!of!information!that!can!be!gathered!by!external!institutions!about!their!

communication!behaviour.!In!Germany,!for!instance,!the!telecommunication!operator!Deutsche!Telekom!(DT!

AG)!monitored!many! customers! and! created!detailed! logs! on!where! they!were,!whom! they! called,!whom!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
39!Android!is!the!operating!system!by!Google!that!runs!on!many!smart!phones.!!
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they!met,!etc.40!With!the!obtained!data,!DT!AG!was!capable!of!drawing!profiles!of!the!customers,!revealing!

their!interests,!preferences,!habits,!etc.!Given!that!the!company!was!controlling!the!infrastructure!of!the!cel<

lular!network!as!well!as!for!the!actual!interconnection!of!the!participants,!all!the!company!had!to!do!was!to!

aggregate!the!available!information.!Had!the!customers!only!used!DT!AG!for!accessing!the!cellular!internet,!

but! an!OTT!VoIP!operator! for! setting!up! the! call,! then!DT!AG!would!only!have!had! information!about! the!

caller’s!location,!but!not!about!whom!he!or!she!was!calling.!!

!!

3.5.6.2. Encryption(

As!was!stated!in!the!previous!chapter,!data!privacy!is!vital!for!corporate!telephony!as!a!high!degree!of!confi<

dentiality!is!key.!Therefore,!reliable!cryptographic!techniques!are!of!fundamental!importance.!Already!today,!

VoIP!has!stronger!encryption!algorithms! in!place!than!classic! telephony.!Yet,!attacks!are! frequent!and!also!

strong! algorithms! have! seen! breaches.!Notwithstanding,! it! is! beyond! doubt! that! in! the! forthcoming! years!

even!stronger!techniques!will!be!developed!that!foster!VoIP!security!and!counter!illicit!interception.!

3.6. Synthesis!and!Discussion!of!Results:!MostDLikely!Scenario!

As! became! evident! in! the! analysis! of! the! diffusion! factors! four! customer! segments! need! to! be! separated!

when!determining! the!potential!and! limits!of! the!diffusion!of! IP2IP! telecommunication;! in! large<scale!busi<

ness,!SME,!residential,!and!mobile!telephony!VoIP!is!evolving!differently.!The!most<likely!ten<year!scenarios!

are!discussed! in! turn! for! these! categories.! In!other!words,! the! findings!of! the! individual! factor!analyses!of!

chapters!3.4!and!3.5!are!aggregated!to!the!overall!scenarios!for!the!four!identified!segments;!the!core!infor<

mation!is!synthesized!from!of!the!factor!analysis!summary!tables!in!Appendix!A1.!

3.6.1. Residential!Telephony!

In! the! recent!past! the!backbones!of!most!PSTN!networks!has!been!migrated! to!NGN!solutions.!Therefore,!

most! calls! already! today! are! routed! at! least! partially! over! VoIP.!Of! this!modernization,! however,! the! sub<

scriber!line!–!the!“last!mile”!in!the!network!–!has!largely!remained!unaffected;!oftentimes!it!is!still!the!same!

old,! classic! telephone!network.! In!order! to!move! fixed! telephony! to!an!end<to<end!VoIP! solution,!also! this!

part!of!the!network!would!need!to!be!upgraded.!Yet,!neither!on!the!supplier!nor!on!the!demand!side!large!

incentives!exist!to!strongly!push!such!undertaking.!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
40!Biermann!(2011)!visualizes! impressivly!with!real!data!how!transparent!the! life!of!an! individual!was!to!DT!AG!at!the!
example!of!green!party!politician!Malte!Spitz.!
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On!the!supply!side!the!telecommunication!operators! find!themselves! in!a!market!that!has!been! liberalized!

and! intensified! competition! has! led! to! drastic! price! erosion! over! the! last! ten! years.! Furthermore,! the! fix<

mobile!substitution! trend! is! responsible! for! the!market! to!actually!shrink,!which!makes! investments! into! it!

unattractive.! In! addition,! the! current! infrastructure! has! been! paid! for! and! is! still! working.! As! replacing! it!

through!VoIP!enabled!solutions!would!require!additional!outlays,! incentives!to!do!so!are!small.!As!a!result,!

only!where! the!maintenance!of! the! existing! infrastructure! is! too! costly,! additional! households! need! to! be!

connected,!or!defective!equipment!has!to!be!replaced!deploying!VoIP!makes!sense!for!the!incumbents.!

On!the!demand!side!the!aforementioned!price!erosion!caused!customers!to!be!less!price!sensitive.!As!switch<

ing! to! an! OTT! provider! would! only! save! them! little! money,! most! people! stay! with! the! incumbent.! Also,!

switching!away!would!make!calling!other!participants! that! remain!with! the! incumbent!more!expensive,!as!

they!before!could!be!reached!through!free!on<net!calls.!!

What!people!value!most!is!the!stability!and!acoustic!quality!of!the!call.!Only!if! in!these!aspects!VoIP!would!

excel!the!PSTN!network,!people!would!actively!seek!to!change.!If!an!OTT!IP2IP!operator!offered!fancy!addi<

tional!features,!however,!most!people!would!not!consider!switching,!as!they!are!not!interested!in!them.!The!

fix<net! telephone! reflects! this! fact;!despite!all! the!progress,! the!device! for!many!years!has! remained!quite!

unchanged!in!terms!of!appearance!and!functionalities.!!

In!conclusion,!a!shift!towards!end<to<end!VoIP!is!underway!in!residential!telephony.!However,!the!change!is!

slow! and! mainly! carrier<driven.! It! is! difficult! to! anticipate! what! percentage! of! the! market! will! eventually!

switch! to! an! IP2IP! by! 2022.! Some! of! the! experts! suggested! up! to! 90%.! Certain! is,! however,! that! in! areas!

where!a!migration!for!the!carrier!does!not!result!in!cost<savings!in!comparison!with!maintaining!the!existing!

infrastructure,! change! will! be! slow! or! might! even! not! materialize! at! all! (e.g.! rural! areas).! OTT! IP2IP! (e.g.!

Skype)!will!continue!to!play!an!insignificant!role!in!residential!telephony,!except!for!niche!occasions!such!as!

international!calls.!There,!monetary! incentives!are!higher! for!customers,!and!an! increasing!number!of!calls!

will!be!done!through!OTT!IP2IP!rather!than!through!the!classic!PSTN!network!or!carrier<owned!VoIP!network.!!

3.6.2. Business!Telephony!in!Small!and!Medium!Enterprises!

For!many!SMEs!the!same!scenario!as!for!residential!telephony!applies.!On!the!one!hand,!the!firms!have!in<

vested! into! their! infrastructure! that! is! still!working.! Thus,!why! bothering! to! upgrade?!On! the! other! hand,!

many!SMEs!have! little!use! for! the! large! range!of! features! that!encompass!VoIP.!What!would!a!hairdresser!

need!group!calls!or!a!unified!communications!system!for?!Therefore,!SMEs!are!rather!passive!in!the!adoption!

of!VoIP.!!

For!most!customers!in!the!SME!segment!–!identical!to!residential!telephony!–!what!matters!is!the!quality!of!

the!call,!and!that!the!solution!is!easy!to!use!and!stable.!On!what!technology!the!telephones!run!is!not!of!im<

portance! to! the!users.!Hence,!although! IP2IP! telecommunication!will!eventually!be! implemented,! this!pro<

cess!will!be!carrier<driven!and!most!customers!will!not!notice!a!change,!as!the!end<device!will!still!look!like!a!
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traditional!phone.!Because!of!price! insensitivity,! low!cost!savings!potential,!and!little!use!for!advanced!fea<

tures!SMEs!will!not!seek!to!change!proactively.!Notwithstanding,!one!expert!argued!that!despite!the!low!in<

centives!for!operators!roughly!90%!of!all!calls!would!be!routed!through!IP2IP!networks!within!ten!years.!

3.6.3. Business!Telephony!in!Larger!or!International!Companies!

In!corporate!telephony,!the!relative!advantage!of!VoIP!is!much!greater!than!in!residential!and!SME!telepho<

ny.!One!strong!argument!in!favour!of!VoIP!is!certainly!the!cost!saving!potential!arising!from!the!elimination!

of!the!redundant!PSTN!infrastructure!and!the!lowered!or!even!eliminated!calling!fees.!Another!aspect!is!the!

operability!gain!that!accounts!for!the!mobility!of!the!workforce.!Equally!important,!however,!is!the!fact!that!

IP2IP!is!a!central!component!of!unified!communication!systems!that!provide!much!value!to!companies!and!

which!are!gaining!importance.!Therefore,!in!business!telephony!IP2IP!is!implemented!much!more!proactively!

and!faster!pace!than!in!the!two!segments!that!were!discussed!before.!!

However,!IP2IP!is!not!likely!to!cause!a!“revolution”!in!the!corporate!segment.!Rather,! it!will! induce!gradual!

change!that!will!take!some!time.!Three!reasons!speak!for!this.!First,!switching!an!entire!company!to!IP2IP!is!

complex!from!a!technical!standpoint.!Secondly,!such!undertaking!may!encounter!user!aversion!and!political!

resistance!from!within!the!company!that!need!to!be!overcome.!Thirdly,!today’s!corporate!VoIP!software!so<

lutions!that!are!to!replace!the!installed!telephony!systems!often!still!lack!some!of!the!sophisticated!features!

traditional!PBXs!provide.!Therefore,!a!part!of!the!corporate!telephony!segment!will!only!switch!to!software!

solutions!offered!by!companies!such!as!Cisco,!Avaya,!or!Microsoft!once!the!VoIP!products!will!have!been!de<

veloped!further!and!match!the!old!PBX!systems!in!terms!of!functionalities.!

Notwithstanding,! by! 2022! the! large!majority! of! the! business! segment!will! use! VoIP! solutions.! End<to<end!

VoIP!will!first!be!realized!internally,!and!later!in!federations!with!important!stakeholders,!e.g.!suppliers,!main!

investors,!key!customers.!Beyond!these!federations,!however,!the!outgoing!VoIP!calls!will!still!be!bound!to!

regular! telephone! numbers.! Whether! for! such! calls! an! IP2IP! connection! will! be! established! depends! on!

whether!the!carrier!already!upgraded!the!subscriber!line!on!the!callee’s!side.!!

3.6.4. Mobile!Telephony!

Although!WhatsApp!is!an!IP2IP!application!for!texting!and!not!voice,!the!advent!of!it!left!the!first!IP2IP!foot<

prints!in!the!mobile!telecommunication!market.!What!made!the!success!of!WhatsApp!possible!is!the!increas<

ing!share!of!the!population!that!uses!smart!phones,!the!speed!of!the!mobile!internet!that!has!sharply!risen,!

and!the!price!of!it!which!that!has!continuously!fallen.!!

By!today,! IP2IP!has!not!exhibited!the!same!success!for!voice!yet;! first!reason!being!that!telephony! is!more!

time<sensitive!than!texting.!If!a!text!message!arrives!five!seconds!late!remains!unnoticed!by!the!receiver!but!

if!a!voice!data!package!is!that!late!a!conversation!becomes!impossible.!WLAN!would!be!fast!enough!for!OTT!

VoIP,!but!lacks!true!mobility.!Cellular!networks!in!contrast!would!provide!the!desired!mobility!but!do!not!pri<
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oritize!OTT!VoIP,! for!which! it!oftentimes! is!an!unpleasant!experience.!OTT!operators!cannot!prioritize!their!

service,!as!they!do!not!control!the!internet!access.!With!mobile!data!traffic!skyrocketing,!QoS!of!OTT!VoIP!is!

even!more!at!risk,!as!the!voice!data!competes!with!much!other!data!for!bandwidth.!Yet,!more!advanced!and!

adaptive!voice!codecs!and!the!deployment!of!LTE!not!only!are! likely!to!be!capable!of!absorbing!the!strain,!

but!will!also!mitigate!QoS!issues!for!cellular!OTT!VoIP.!!

The!second!reason!why! IP2IP! in!voice!has!not!had!the!same!success!as! in! texting!yet,! is!because!to!date!a!

dominant! network! has! not! prevailed.!Microsoft’s! Skype/Facebook! alliance! seems! promising! to! emerge! as!

such!given!their!already!integrated!and!large!user!bases!and!the!possibility!to!interconnect!further!user!ba<

ses,! e.g.! Lync! or!Windows! Live.! Apple! and! Google,! however,! dominate! the! smartphone! operating! system!

market! and!with! that! the! platforms! on!which!mobile! IP2IP! clients! are! installed.! Therefore,! the! latter! two!

companies!have!an!advantage! in! integrating!a!proprietary! IP2IP!client!as!standard!on!their!mobile!phones,!

thereby! increasing! the! convenience! for! the! customers.! If! and!which! OTT! network!will! eventually! become!

dominant!has!yet!to!be!seen!and!depends!on!many!factors,!including!decisions!taken!by!the!regulators.!!

Thirdly,!as!most!mobile!data!connections!still!are!volume!metered!or!capped!volume!metered,!and!interna<

tional!roaming!for!data!is!prohibitively!expensive,!OTT!VoIP!could!not!compete!with!regular!mobile!telepho<

ny!yet.!Going!forward,!prices!for!data!connections!are!expected!to!fall!though,!which!will! fuel!the!usage!of!

OTT!VoIP!clients!on!smart!phones.!!

Going!forward!OTT!IP2IP!telephony!is!expected!to!become!increasingly!important!and!to!challenge!tradition<

al!mobile!telephony.!As! IP2IP!solutions!are!and!will! largely!not!be! interconnected!to!other! IP2IP!providers,!

people!will!decide!which! solution(s)! to!use.! It! is! conceivable! that! for!each!community! (e.g.! friends,! family,!

company)!they!will!use!a!different!solution,!similar!to!how!it!is!done!today!on!the!computer.!To!people!out<

side!such!communities!calls!will! still!be!bound!to!classic! telephone!numbers,!as!a!competing!and!generally!

accepted!addressing! standard! (e.g.! email! address)! is! still! absent.!As!was! stated!earlier,!however,! also! calls!

bound!to!PSTN!numbers!could!turn!into!IP2IP!calls!if!the!carriers!upgrade!the!subscriber!lines!of!the!partici<

pants.! Such! carrier<driven!modernization! could! also!materialize! in! the!mobile! area,! if! carriers! decided!dis<

mount! their! legacy! networks! in! order! to! cut! back! maintenance! costs! and! overcome! eventual! resistance!

against! the! deployment! of! antennas! for! newer! networks! by! environmentalists.! However,! if! such! carrier<

driven!migration!will!already!take!place!within!10!years!is!difficult!to!anticipate.!Although!LTE!would!theoret<

ically!be!capable!of!replacing!the!GSM!network,!many!technical!questions!remain!unanswered,!for!instance!

how!the!telecommunication!providers!will!deal!with!the!fact!that!LTE!lacks!a!dedicated!voice!channel.!What!

seems!certain,!however,!is!that!within!communities!OTT!IP2IP!will!become!increasingly!important!and!chal<

lenge!the!mobile!telephony!of!the!incumbents.!!
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3.6.5. !The!Big!Picture!

Ultimately,!telecommunications!is!moving!towards!IP2IP.!It!is!a!reality!and!has!already!begun;!in!all!segments!

analysed!above,!both!for!texting!and!for!voice.!WhatsApp!made!the!first!step!on!the!road!towards!IP2IP!in!

the!area!of!texting,! further!solutions!for!voice!will! follow!and!drastic! improvements!to! IP2IP!quality!will!be!

seen.!!

The! speed! of! adoption! of! IP2IP! telephony! varies,! however,! between! the! segments,! and! also!whether! the!

IP2IP!solution!will!be!provided!by!OTT!operators!or!incumbents.!A!large!share!of!the!fix<net!market!will!adopt!

IP2IP!without!noticing!it!in!the!moment!the!incumbent!carriers!upgrade!their!networks.!Hence,!even!if!much!

modernization!will!take!place!over!the!next!ten!years,!many!consumers!will!be!unaware!of!this!fact,!as!the!

user!experience!will!remain!the!same!as!today!–!an!observation!that!mainly!applies!for!residential!and!SME!

customers.!In!the!corporate!and!mobile!segment!IP2IP!is!implemented!more!proactively.!This!will!happen!not!

only!because!of!operability!and!cost! considerations,!but!also!because!of! the!value<adding! services!encom<

passing!and!building!onto!the!technology;!e.g.!video!telephony!for!mobile!users,!or!unified!communication!

systems!for!business!clients.!

In!conclusion,!IP2IP!in!the!segments!SME!and!residential!has!more!the!character!of!a!sustaining!innovation,!

while!in!the!other!two!segments!its!nature!is!more!disruptive;!the!innovation!is!first!underperforming,!but!in!

the!long<run!it!will!undermine!the!prevalent!business!model!as!the!technology!becomes!more!mature.!IP2IP!

will!not!revolutionize!the!market!overnight,!but!it!will!beyond!doubt!gradually!alter!it.!In!the!long<term!IP2IP!

is!unavoidable,!it!is!the!future.!The!price!for!telephony!as!a!service!will!decline!further!and!eventually!fall!to<

wards!zero.!The!question!arises:!How!will!the!incumbents!deal!with!the!change,!and!what!will!the!role!of!OTT!

software!companies!be?!!
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4. Concluding*Section!
4.1. !Practical!Recommendations!!

4.1.1. For!Telecommunication!Providers!

The!road!ahead!for!telecommunication!providers!seems!bumpy.!And!it!is.!Prices!are!tumbling,!competition!is!

intensifying!through!OTT!and!non<OTT!providers,!and!regulators!limit!the!space!in!which!the!incumbents!may!

manoeuvre.!Notwithstanding,!it!would!be!short<sighted!to!conclude!that!the!incumbents!are!to!be!substitut<

ed!by!IP2IP!telephony!over!the!next!ten!years.!Cogent!reasons!speak!against!it.!

First,!the!majority!of!the!users!in!the!fix<net!segments!SME!and!home!lack!incentives!to!switch!to!OTT!pro<

viders.!They!are!price!insensitive!and!not!inclined!to!meddle!with!their!working!and!paid<for!infrastructure.!

Furthermore,!by!switching!to!an!OTT!they!would!forego!the!free!on<net!calls!in!the!extensive!network!of!the!

incumbents.!In!addition,!they!are!not!interested!in!additional!features;!all!they!care!about!is!the!robustness,!

convenience,!and!quality!of!their!devices!and!calls!–!criteria!in!which!the!incumbents!excel.!!

Secondly,! incumbents!may!pack! fix<net! telephony! into!bundles!with!other!services,! for! instance!mobile! te<

lephony!contracts,!television!subscription!plans,!or!internet!access.!By!doing!so,!the!incumbents!foster!their!

customer!retention!and!lower!the!incentives!for!their!customers!to!switch!to!OTT!providers.!!

Thirdly,!users!deciding!to!switch!to!OTT!telephony!still!need!an!internet!connection!that!transports!the!voice!

data!packages!back!and!forth.!As!many!incumbents!are!also!the!largest!internet!service!providers!both!on!the!

fixed!and!the!mobile!market!they!are! in!control!of! these!connections!and!of!what! is! transported!on!them.!

This!gives!the!incumbents!power;!not!only!are!they!a!prerequisite!for!any!OTT!service,!but!with!the!regulat<

ing!power!of! the!connection!they!control! the!quality!of! the!OTT!service.!This!notion! is!most! important! for!

mobile!and!business!telephony!where!the!importance!of!OTT!telephony!is!growing.!!

Summarizing!the!points!above,!the! incumbents!are!not!substituted!as! in!the!segments!residential!and!SME!

the!customers!have!no!incentives!to!switch!and!because!the!incumbents!have!measures!to!retain!them,!and!

because!in!the!segments!business!and!mobile!the!incumbents!are!needed!to!provide!the!internet!connection!

on!which!OTT!telephony!runs.!!

The!counter<argument!is!valid!that!by!being!relegated!to!the!mere!transport!function!the!incumbents!forego!

the! revenues! from! the! telephony! services! and! although!OTT! telephony! causes! increased! volumes! of! data!

traffic,!the!cash!inflows!for!the!data!transportation!do!not!offset!the!reduction!in!telephony!revenues.!This!is!

problematic!for!the!incumbents!because!even!though!revenues!are!lower!they!still!need!to!maintain,!mod<

ernize!and!deploy!new!and!costly!infrastructure.!The!incumbents!have!two!possible!ways!of!how!to!address!

this!dilemma.!
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They!can!try!to!fight!this!trend!by!taking!commercial,!legal,!and!technical!measures!(c.f.!chapter!3.4.4).!Regu<

lators!and!competition!limit!the!options!that!are!at!the!incumbents’!disposal,!but!those!available!may!slow!

down!the!diffusion!of!OTT!IP2IP.!As!long!as!neither!the!market!nor!regulators!exert!pressure!on!the!incum<

bents!to!change!their!way!of!conducting!business,!such!defensive!tactics!seem!feasible!strategies!to!retain!

customers!and!protect!telephony!revenues.!However,!if!business!models!building!on!such!approach!are!sus<

tainable! is! questionable.! In! the! long! run,! large! shares! of! the!mobile! and! business! telephony!markets!will!

switch!to!OTT!providers;!in!the!texting!market!IP2IP!solutions!are!already!skyrocketing,!and!voice!is!ready!to!

take!off.!Moreover,! regulators!on!all! levels!are! revising! laws!and! increasingly! limit!defensive!moves!of! the!

incumbents.!!

The!more!recommendable!approach!is!to!accept!the!on<going!changes!and!to!look!for!constructive!ways!for!

coping!with!them.!First,!if!the!revenues!stemming!from!data!traffic!do!not!suffice!for!covering!the!infrastruc<

ture! financing! needs,! prices! should! be! raised.! Consumers! will! accept! them,! as! they! do! not! have! another!

choice;!they!need!the!incumbents’!network!for!OTT!services.!Competition!will!follow!such!a!price!rise,!as!all!

telecommunication!providers!face!the!same!problem.!!

Secondly,! incumbents!should! identify!possibilities!how!to!benefit! from!the!changing!consumer!behaviours.!

For!instance,!the!incumbents!could!use!their!technical!knowledge!for!prioritizing!rather!than!delaying!time<

sensitive!OTT!services!and!charge!a!premium!for!this!privilege.! In!practice!the! incumbents!could!offer!data!

plans! that!ensure!high!quality!of!service! for!customers!who!want! to!use!Skype!on!their!mobile!phones! for!

making!calls.!In!comparison!to!normal!data!plans,!for!the!QoS!promise!the!incumbents!would!charge!a!pre<

mium.!In!more!general!terms,!the!incumbents!should!discriminate!customers!according!their!needs!and!offer!

adequate!service!level!agreements!(SLAs).!The!past!has!shown!that!customers!oftentimes!struggled!with!un<

derstanding!SLAs!and! in! consequence! rejected! them.!Therefore,! transparent! communication!and! stringent!

marketing!efforts!are!imperative!for!the!incumbents!to!successfully!launch!data!plans!with!distinct!SLAs.!!

Finally,!incumbents!should!seek!new!business!opportunities!that!open!up!with!the!rise!of!OTT!operators.!In!

the!business!area,!for!instance,!incumbents!have!earned!the!trust!of!their!customers!and!built!up!solid!cus<

tomer!bases.!The!incumbents!could!use!these!assets!in!order!to!implement!OTT!solutions!at!the!customers’!

sites!and!become!responsible!for!maintenance!and!customer!care.!By!partnering!with!the!OTTs!the! incum<

bents!could!create!win<win!situations!for!all!involved!parties;!the!OTT!companies!would!not!need!to!tedious<

ly!build!up!their!own!customer!relations!and!take!care!of!labour!intensive!tasks!such!as!maintenance,!and!the!

incumbents!could!save!themselves!a!piece!of!the!OTT!telephony!market.!The!Swiss!incumbent!Swisscom!is!a!

showcase!example! for! this!proactive!partner!strategy.!The! firm!partners!with!Microsoft,!and! is! responsible!

for!the!hosting!of!Lync!server!farms,!the!deployment!and!maintenance!of!the!product!at!the!customers’!sites!

and!customer!relations!management.!Although!Swisscom!by!promoting!OTT!VoIP!telephony!cannibalizes!its!

telephony!revenues,!as!a!service!provider!it!has!tapped!into!a!new!business!segment!that!compensates!for!it.!!
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4.1.2. For!Software!Companies!!

The! importance! of! OTT! telephony! is! rising! and! software! clients! by! companies! such! as! Microsoft,! Apple,!

Google,!WhatsApp,!and!Viber!have!great!potential!of!conquering!large!shares!of!the!market,!in!particular!in!

the!business!and!mobile!segments.!To!date,!although!no!dominant!standard!prevailed!each!network!already!

interconnects!millions!of!users.!Despite! the! large!user!numbers,!however,! the!companies!should!be!aware!

that!generating!revenues!might!be!challenging.!!

In! the!private!area!users!mainly!use!software<based!OTT! IP2IP! telephony!because! it! is! free.!Would!an!OTT!

provider!such!as!Skype!start!charging! fees! for! IP2IP!connections,!people!soon!would!move!to!a!competing!

provider.!In!the!past!also!cross<selling!of!premium!functions!(e.g.!group!chat;!video!telephony)!has!proved!to!

be!difficult,!as!for!most!of!these!functions!other!OTT!software!applications!exist!that!are!free!of!charge.!It!is!

intuitive!that!it!is!tricky!for!an!OTT!provider!to!convince!people!to!pay!for!a!service!they!could!have!for!free!

with!a!competitor.!!

In!residential!telephony,!software<based!OTT!telephony!is!mainly!used!for!making!international!calls.!Howev<

er,!only! for!PSTN<bound!calls!users!are!willing! to!pay,!whereas! for! IP2IP! connections! (e.g.! Skype<to<Skype)!

customers!are! reluctant! to!do! so.!As! the!number!of!people!with!a!VoIP!account! (e.g.! Skype)! is! increasing,!

more! and!more! calls! are! IP2IP! connections.! In!mobile! telephony,!most! calls! are! IP2IP! connections.!Hence,!

OTT!providers!need!to!find!other,!indirect!ways!to!generate!profits.!!

First,!aggregated!data!about!the!user!behaviour!may!contribute!to!the!development!of!new!and! improved!

products!that!could!then!be!sold!back!to!the!users!of!the!free!OTT!clients!or!to!premium!segments.!This!is!on!

the! one! hand!what!Apple! does!with! Facetime;! they! sell! improved!hardware! back.!Microsoft! on! the! other!

hand!uses!the!insights!from!its!free!software!clients!to!improve!the!paid<for!Lync!client.!

Secondly,!OTTs!may!display!advertisement!on!their!fee!clients.!The!OTTs!should!gather!and!process!user!data!

in! order! to!make! such! advertisements! accurately! targeted! on! the! user’s! interest.! This!would! increase! the!

marketing!effectiveness,!thereby!boosting!revenues.!

Finally,!OTTs!shooting!for!the!mass!market!should!offer!two!clients.!A!free!and!basic!one!and!one!with!more!

features,!better!quality!and!customer!support!for!segments!that!are!willing!to!pay!for!it.!Particularly!business!

clients!are!willing!to!pay! for!OTT!telephony! if! this!ensures!them!high!quality.!Running!such!a!dual!strategy!

allows!OTTs!to!generate!revenues!directly!from!the!premium!customers!and!to!use!the!free!clients!to!extend!

the!network,!which!again!is!used!as!a!sales!argument!for!the!premium!clients.!!
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As!OTT!telephony!is!a!typical!service!with!network!effects41,!reaching!a!critical!mass!with!the!user!base!is!im<

perative.!Close!attention!should!be!paid!to!viral,!word<of<mouth!marketing,!as!this!will!allow!the!user!base!to!

grow!exponentially.!In!addition,!software!companies!should!try!to!leverage!their!user!bases!of!other!products!

in! order! to! promote! their! IP2IP! telephony! solutions.!Microsoft,! for! instance,! should! interconnect! its! Face<

book,! Skype,!Windows! Live! and! Lync! address! books,! thereby! creating! one! huge! IP2IP! network.!Microsoft!

could!enhance!its!IP2IP!network!even!further!by!integrating!a!client!for!its!IP2IP!network!into!other!software!

applications!such!as!Windows!or!Office.!This,!however,!should!be!done!with!care,!as!antitrust!laws!might!be!

violated.!!

Finally,!rather!than!seeing!the!incumbents!as!legacy!companies!offering!out<dated!telephony!services,!OTTs!

should!consider!collaborating!with!them.!First,! the! incumbents!may!have!political,! legal,! technical,!or!com<

mercial!means!to!torpedo!OTT!VoIP!networks.!Secondly,!with!their!solid!customer!relations!they!could!prove!

to!be!valuable!business!partners!helping!OTTs!to!penetrate!the!market.!!

4.2. Possible!Areas!for!Further!Investigations!

The!thesis!at!hand!identified!how!IP2IP!is!diffusing!and!how!this!evolution!will!impact!the!players!on!the!tele<

communication!market.!The!findings!presented!mainly!apply!to!Switzerland!and!Germany!but!might!also!be!

valid!for!other!wealthy!and!developed!countries.!Yet,!the!author!recommends!conducting!further!empirical!

studies!to!test!this!suggestion,!and!to!ascertain!how!the!diffusion!of!IP2IP!depends!on!macroeconomic!fac<

tors!such!as!the!BIP!per!capita,!the!average!age,!or!the!density!of!the!population.!

In!addition,!quantitative!research!could!shed!light!on!the!impact!IP2IP!will!have!on!specific!incumbents!over!

time.!A!comparative!analysis!could!contrast! strategies!of!concrete! incumbents! in!order! to!determine!what!

factors!determine!whether!they!successfully!prevail!in!the!fast!changing!and!towards!all<IP!moving!market.!!

With! regards! to! software! companies,! valuable! insight! could! be! derived! from! studying! the! diffusion! of! the!

IP2IP!networks!of! the!three!competitors!Microsoft,!Apple,!and!Google.!First,!one!could! identify! the!factors!

that!determine!the!success!of!the!companies!in!developing!a!dominating!and!generally!accepted!IP2IP!net<

work!and!the!benefits!from!doing!so.!!

Secondly,!as!the!importance!of!the!telephone!number!is!declining!it!would!be!insightful!to!learn!what!its!fu<

ture!role!will!be,!and!what!the!limits!and!potentials!of!alternative!addressing!systems!(e.g.!SIP<email!address<

es;!Facebook/Skype!accounts,!etc.)!are!to!substitute!it.!In!this!context,!light!could!also!be!shed!on!the!ques<

tion!whether!proprietary!addressing!systems!(e.g.!Skype!contacts)!even!have!the!potential!of!becoming!gen<

erally!accepted!standards,!or!if!it!is!more!likely!that!an!open!standard!drafted!by!a!public!institution!such!as!

the!ITU<T!is!to!prevail.!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
41!Network!effect!refers!to!the!situation!where!people!deciding!to!adopt!a!product/service!cause!even!more!people!to!
use! it.!Hence,! the!more!people!already!use!a!product/service,! the!more!people!have!an! incentive! to!do! so,! too.! (c.f.!
Hensel!&!Wirsam,!2008)!
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Thirdly,!small!IP2IP!companies!such!as!WhatsApp!or!Viber!provide!promising!grounds!for!investigation.!One!

could!explore! the! factors! that!enable! the! steep!market!growth!of! these!companies,! and!what! their! future!

perspectives!are!given!that!they!are!in!competition!with!large!software!companies!such!as!Microsoft!or!Ap<

ple.!With!reference!to! the! last!point,! from!a!marketing!perspective!an!analysis!of! the! importance!of!social!

media,!network!effects!and!virality!could!yield!especially!revealing!insights.!

Finally,!much!room!for!seminal!future!research!in!a!relatively!unexplored!field!lies!in!the!legal!area.!VoIP!has!

evolved! at! enormous!pace! in! the! recent! years,! for!which! the! regulation! could!not! keep!up!with! the! rapid!

changes.!Yet,!as! legal! frameworks!are!being!drafted!and!put! in!place,!both!on!a!national!and!multinational!

level,!it!would!be!insightful!to!learn!how!landmark!decisions!of!courts!(e.g.!on!the!network!neutrality)!impact!

the!diffusion!of!IP2IP.!!

!
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Appendix!
A1. Summary!of!Scenario!Factor!Analysis!

In!chapters!3.4!and!3.5!semi<structured! interviews!helped! in!the!analysis!of!the!factors!that!determine!the!
diffusion!process!of!VoIP.!Hereafter,!two!tables!summarize!for!the!supply!and!the!demand!side,!respectively,!
how!the!various!factors!are!most!likely!to!evolve,!based!on!the!insights!derived!from!the!expert!interviews.!!
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change!
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c.f., Lat.!confer;!refer!to! MS, Microsoft!
ca., Circa! n.d., no!date!
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chap., Chapter! p., Page!
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Originally!Groupe!Spécial!Mobile!(Fr.)!
US, United!States!of!America!

i.e., Lat.!id!est;!in!other!words! US,FCC, US!Federal!Communications!Commission!
ibid., Lat.!ibidem;!the!same!place! USD, US!Dollar!
ILEC, Incumbent!Local!Exchange!Carriers! VE:A, Ger.!Vermittlungseinheit!Ausland;!international!layer!
IP, Internet!Protocol! VE:F, Ger.!Vermittlungseinheit!Fern;!far<call!layer!
IPZPBX, VoIP<enabled!PBX! VE:O, Ger.!Vermittlungseinheit!Ort;!local!layer!
IP2IP, End<To<End!VoIP! VMS, Voice!Messaging!System!
IPv4, Internet!Protocol!Version!4! VoIP, Voice!over!IP!
IPv6, Internet!Protocol!Version!6! VPN, Virtual!Private!Network!
ISDN, Integrated!Services!Digital!Network! WAN, Wide!Area!Network!
ISP, Internet!Service!Provider! WAP, Wireless!Application!Protocol!
IT, Information!Technology! WIFI, Wireless!Fidelity!
ITU, International!Telecommunication!Union! WLAN, Wireless!Area!Network!
ITUZT, ITU!Telecommunication!Standardization!Sector! www, World!Wide!Web!
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A5. List!of!Interview!Partners!

The!tables!below!present!information!about!the!interviewed!experts,!including!their!knowledge!background!

and!current!occupation.!The!tables!are!sorted!in!chronological!order!based!on!the!dates!of!the!interviews.!

!
Institution( Swisscom(AG(
Description!of!!
Institution!

Swisscom!AG!is!the!leading!telecommunication!provider!of!Switzerland.!In!the!mobile!
telephony,!for!instance,!Swisscom!has!a!62%!market!share.!The!now!privatized!firm!
emerged!from!the!former!state<owned!monopolist!“Telecom!PTT”!(Swisscom,!2011c).!!

Interviewee! Daniel!Rincón!Hanna!
Academic!Title(s)! Masters!in!Systems!Engineering!from!Loughborough!University!!

MBA!from!International!Institute!for!Management!Development!(IMD)!
Work!Position(s)! Strategy!Manager!SME!
Represented!View! Incumbent!Telecommunication!Operator!
Interviewee!!
Background!

Consulting,!strategic!planning!and!technology!assessment!in!the!areas!internet,!tele<
communications,!and!media!(e.g.!during!former!employment!at!Deloitte,!Arthur!D.!
Little!and!ARM).!

Date!of!Interview! January!17th,!2012!
Interview!Duration! 60!min!
! !

Institution( University(of(Applied(Sciences(of(Eastern(Switzerland((HSR)(
Description!of!!
Institution!

HSR!is!a!renowned,!application<oriented!research!and!education!facility!with!primary!
focus!on!natural!sciences.!

Interviewee! Guido!Schuster!
Academic!Title(s)! Prof.!Dr.!!
Work!Position(s)! Director!of!the!Master!Research!Unit!“Sensor,!Actuator,!and!Communication!Systems”!

Professor!for!Electrical!Engineering!at!HSR!
Represented!View! Research!and!Teaching!
Interviewee!!
Background!

Former!senior!director!and!Chief!Technology!Officer!of!the!3Com!Internet!Communi<
cations!business!division.!
Co<founded!unit!that!built!first!commercially!available!SIP!telephony!system.!

Date!of!Interview! January!18th,!2012!
Interview!Duration! 75!min!
! !

Institution( Siemens(Building(Technologies(–(Siemens(Schweiz(AG(
Description!of!!
Institution!

Siemens!Building!Technologies!is!a!business!division!of!Siemens!AG.!The!firm!is!special<
ized!in!providing!advanced!building!technologies!and!services,!and!itself!has!more!than!
40.000!employees!worldwide.!

Interviewee! Peter!Kopp!
Academic!Title(s)! Dipl.!El.!Ing.!HTL!
Work!Position(s)! IT!Innovation!and!Architecture!
Represented!View! Corporate!large<scale!VoIP!adopter!
Interviewee!!
Background!

Evaluated!both!in<house!and!external!VoIP!systems.!Responsible!for!the!implementa<
tion!of!these!systems!within!Siemens!Building!Technologies.!

Date!of!Interview! January!20th,!2012!
Interview!Duration! 90!min!
! !
! !
! !
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Institution( Microsoft(Schweiz(GmbH(
Description!of!!
Institution!

Microsoft!is!one!of!the!largest!software!houses!worldwide.!The!company!developed!–!
amongst!many!other!services!and!products!–the!Windows!operating!system!and!Office!
(Word,!Excel,!etc.)!and!runs!services!such!as!Hotmail,!MSN!Messenger/Windows!Live,!
and!Lync.!The!firm!owns!Skype!and!partially!also!Facebook.!Microsoft!Schweiz!GmbH!is!
the!Swiss!subsidiary!which,!internationally!seen,!is!the!13th!largest!subsidiary!in!terms!
of!revenues!and!the!leading!one!in!Europe!measured!by!revenue!generated!per!PC.!
MS!Office!Communicator,!the!predecessor!of!Lync,!was!developed!in!Switzerland.!

Interviewee! Stefan!Hagenbuch!
Academic!Title(s)! <!
Work!Position(s)! Product!Marketing!Manager!–!Unified!Communications!
Represented!View! Software!Company;!Over<the<top!VoIP!!
Interviewee!!
Background!

IT!projects!management,!technology!implementation!and!knowledge!transfer.!Former!
Partner!Technology!Specialist!for!Microsoft.!Currently!responsible!for!the!marketing!of!
Microsoft!Exchange!and!Lync!within!Switzerland.!

Date!of!Interview! January!25th,!2012!
Interview!Duration! 90!min!
! !

Institution( Accenture(AG(
Institution!!
Description!

Accenture!is!a!global!management!consulting,!technology!services!and!outsourcing!
company!with!more!than!244’000!employees.!It!helps!clients!to!identify!technology!
trends,!enter!new!markets,!increase!revenues!in!existing!markets,!and!to!improve!op<
erational!performance.!In!2011,!Accenture!generated!25.5bn!USD!net!revenues.!(Ac<
centure,!2012)!

Interviewee! Jens!Hünerberg!
Academic!Title(s)! Dipl.<Inform.!
Work!Position(s)! Manager!at!Accenture!AG!with!focus!on!Networks!and!Communications!
Represented!View! External!Advisory!Perspective!
Interviewee!!
Background!

Worked!as!consultant,!project!leader,!manager,!and!CEO!for!several!IT!companies,!
some!with!special!focus!on!VoIP!(e.g.!e<fon!AG).!Formerly!scientist!at!the!Fraunhofer!
FOKUS!research!institute.!!

Date!of!Interview! January!23th,!2012!
Interview!Duration! 90!min!
! !

Institution( United(States(Federal(Communications(Commission((US(FCC)(
Description!of!!
Institution!

The!FCC!is!an!independent!US!government!agency!overseen!by!Congress.!It!regulates!
telecommunications!over!radio,!television,!wire,!satellite!and!cable!on!the!entire!US!
territory.!Amongst!other!duties,!it!is!responsible!for!revising!regulations,!strengthening!
the!defence!of!the!nation’s!communications!infrastructure!and!encouraging!competi<
tion,!innovation,!and!investment!in!the!telecommunications!market.!(FCC,!2012)!

Interviewee! Henning!Schulzrinne!
Academic!Title(s)! Prof.!Dr.!
Work!Position(s)! Chief!Technology!Officer!of!the!US!FCC!

Professor!at!the!Department!of!Computer!Science!at!Columbia!University!
Represented!View! Regulator!
Interviewee!!
Background!

Professor!in!the!Department!of!Electrical!Engineering!and!former!Chair!of!the!Depart<
ment!of!Computer!Science!at!Columbia!University,!New!York.!PhD!from!University!of!
Massachusetts.!Worked!at!AT&T!Bell!Laboratories,!Murray!Hill!and!GMD!Fokus,!Berlin.!
Co<author!of!the!Internet!standards<track!protocols!RTP,!RTSP,!SIP,!GIST,!and!LoST.!
(Columbia,!n.d.)!

Date!of!Interview! January!24th,!2012!
Interview!Duration! 45!min!



!

Appendix!<!Interview!Guide!! Version:!24/04/2012!
Voice!over!IP!2.0!<!An!Analysis!of!Potential!and!Limits!of!IP2IP!Telecommunication!! Benjamin!Harder!

88!

A6. Interview!Guide!

The!expert! interviews!were!conducted! in!German,!Swiss<German!and!English.! In!three!cases,! the! interview!

took!place!over!the!phone,!the!other!ones!were!conducted!in!personal!meetings.!The!questionnaire!that!was!

used!during!the!interviews!is!inserted!below.!Given!that!the!interviews!were!conducted!in!several!languages,!

note!that!for!the!non<English!interviews!translations!of!this!questionnaire!were!used.!Furthermore,!the!set!of!

questions!should!not!be!understood!as!a! rigid,!unchangeable!corset.! Instead,! in!accordance!with! the! tech<

nique!of!semi<structured!interviews,!the!outline!of!questions!was!a!flexible!guidance!and!served!as!a!tool!for!

steering!the!interview.!Hence,!where!appropriate,!additional!questions!not!listed!in!the!questionnaire!were!

asked!(e.g.!for!clarification)!or!the!mentioned!ones!were!reformulated.!Moreover,!the!questions!commenc<

ing!with!a! letter! (e.g.!“a.”)!were!only! raised! if! they!promised!additional! insights!or! if! the!conversation!was!

about!to!drift!away!from!the!main!topic.!

Introduction,of,Thesis,Background:,

With! technological! progress! of! networks! and!mobile! phones! internet! has! become!ubiquitous.! Today’s! ad<
vanced!portable!telephones!–!modern!smart!phones!–!are!capable!of!running!additionally!installed!software!
programs!such!as!Skype,!Facetime,!GoogleTalk,!or!WhatsApp.!!

These!applications!allow!users!to!make!free!Voice!over!IP!(VoIP)!phone!calls!that!use!the!internet!to!transmit!
the! voice! data,! rather! than! the! time! metered! telephone! network.! While! mainly! end<consumers! use! the!
aforementioned!programs,!similar!software!applications!also!exist! in! the!area!of!corporate! telephony.!One!
example!is!Lync,!the!successor!of!Microsoft!Communicator.!!

Needless! to! say,! for! incumbent! telecommunication! operators! such! VoIP! solutions! are! a! challenge! to! the!
business!model,!as!a!significant!portion!of!their!revenue!comes!from!voice!telephony!that!now!is!being!can<
nibalized!by!free!alternatives.!

In!my!thesis!I!would!like!to!show!how!internet!telephony!is!evolving!and!what!impact!VoIP!will!have!on!the!
telecommunication!industry.!In!particular,!I!seek!to!determine!the!effect!the!diffusion!of!the!technology!will!
have!on!todays’!incumbent!telecommunication!providers!and!what!role!software!companies!will!play!in!the!
future.!

Interview,Questions:,

1. What!in!your!opinion!is!the!current!state!and!importance!Voice!over!IP?!Has!it!revolutionized!the!
telecommunication!industry?!
a. What!effect!has!VoIP!had!for!customers?!What!were!the!effects!for!the!carriers?!!
b. What!are!the!pros!and!cons!of!the!technology?!
c. To!what!degree!have!SMEs,!large!companies!and!private!households!switched!to!VoIP?!What!is!

the!market!penetration!of!mobile!VoIP?!!
d. Are!these!rates!compared!to!other!countries!rather!high,! low,!or!about!average?!If!different!–!

what!are!the!reasons!for!this!difference?!
e. What! experiences! have! you!made!with! VoIP?!What! effect! has! VoIP! had! on! your! institution?!

How!long!did!the!implementation!process!take?!!
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2. VoIP!is!more!than!just!a!substitute!for!regular!telephony.!It!enables!voice!quality!superior!to!classic!

telephony! and! it! is! also! the! base! of! advanced! functions! such! as! video! or! group! calls.! To!me! it!
seems!that! internet!telephony!has! lots!of!advantages!to!offer!compared!to!normal!telephony.! In!
your!opinion,!will!telephony!as!we!know!it!today!still!exist!the!future?!!
a. How!will!telephony!look!in!the!future?!Will!VoIP!substitute!classic!telephony?!Will!we!all!be!us<

ing!programs!such!as!Skype,!Viber!or!Lync?!If!so,!what!is!the!time<horizon!of!such!change?!What!
is!the!importance!of!video!telephony!in!this!process?!

b. On!what!does!it!depend!whether!the!various!adopter!categories!(SMEs,!large!corporations,!mo<
bile!phone!users,!households)!switch!to!VoIP?!How!fast!will!this!change!materialize?!Is!Quality!
of!Service!(QoS)!still!an!issue?!!

c. Will!telephony!as!a!service!become!free!in!the!future?!!
!

3. Since!the!turn!of!the!millennium!on!can!observe!that!the!number!fixed!telephony!subscribers!has!
been!declining.! In!the!same!period!the!users!of!mobile!telephony!has!skyrocketed.!What! in!your!
opinion! is! the! future! of! the! fixed! phone?! Is! it! a! legacy! element! that! is! gradually! substituted!
through!the!cell!phone,!or!will!we!still!need!fixed!telephones!in!the!future?!
a. Is!mobile!telephony!an!adequate!substitute!for!fixed!telephony?!Or!are!there!also!aspects!that!

speak!in!favour!of!fixed!phones?!
b. Will!new!technologies!such!as!LTE/Wimax/HSDPA+!be!up!to!the!task!of!providing!high!quality!

VoIP!telephony!on!the!mobile!phone?!Could!the!growth!of!mobile!data!traffic!eventually!put!a!
strain!to!the!quality!of!service!of!VoIP!on!the!mobile!phone?!!

c. In!Germany,!providers!such!as!Vodaphone!or!Deutsche!Telekom!prohibit!the!usage!of!programs!
like!Skype!on!their!LTE!network.! In!your!opinion,!what!is!the!reason!for!these!limitations?!Are!
these!limitations!likely!to!hold!up?!What!aspects!determine!whether!they!do?!
!

4. For!incumbent!telecommunication!operators!such!as!AT&T,!Swisscom,!or!Deutsche!Telekom!every!
call! that! is!routed!through!the! internet!rather!than!through!the!classic!telephone!network!trans<
lates!to!lost!revenue.!Is!VoIP!a!threat!for!them?!!
a. How!will!VoIP!change!the!role!of!the!incumbents?!Are!they!gradually!being!relegated!from!voice!

carrier!to!internet!access!provider?!!
b. How!would!you!assess!the!impact!of!VoIP!will!have!in!the!next!ten!years!on!the!revenues!of!the!

incumbent!telephony!operators!in!the!segments!mobile,!business!and!private!telephony?!!
c. What!are!possible!strategies!for!the!incumbents!to!defend!their!revenues?!Will!they!be!success<

ful?!
d. Are!there!also!positive!aspects!of!VoIP!for!the!incumbent!operators?!(e.g.!Lync!Hosting)!

!
5. MSN!Messenger,!Hotmail,!Facebook,!Lync!and!Skype.!All!of!these!software!applications!have!three!

things!in!common.!First,!all!of!them!are!used!to!communicate.!Secondly,!all!of!them!have!large!us<
er!bases.!And! thirdly,! they!all!belong,!at! least!partly,! to!Microsoft.!Microsoft!would! indisputably!
become!the!largest!telecommunication!provider!if!it!interconnected!the!user!bases!of!the!separate!
programs,!meaning!that!it!would!be!possible!to!call!a!Lync!user!from!a!Skype!account,!for!instance.!
In!your!view,!is!such!a!convergence!of!the!communication!platforms!likely!and!feasible?!
a. If!not:!Facebook!and!Skype!are!already!interconnected.!And!Microsoft’s!CEO!Steve!Balmer!said!

after! the! acquisition! of! Skype:! “We! think! we’re! going! to! be! able! to! do! even!more! fantastic!
things!together”,!referring!to!a!possible!integration!of!Lync!and!Skype.!Why!do!you!believe!an!
integration!is!unlikely!/!unfeasible?!
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b. Microsoft!could!also!implement!an!interconnected!communication!client!as!a!standard!on!all!its!

Windows!operating!systems,!office!packages!(Word,!Excel,!etc.)!and!Windows!phones,!thereby!
reaching!an!even!larger!user!base!and!faster!acceptance.!Do!you!see!any!problematic!issues!in!
the!convergence!of!the!communication!products!or!the!implementation!of!the!integrated!solu<
tion!in!other!products?!Could!there!be!any!legal!issues?!

c. Already!today!instead!of!exchanging!phone!numbers!people!often!say!“Add!me!on!Facebook,!
my!email!address!is!XYZ”.!Hence,!it!is!conceivable!that!going!forward!the!telephone!number!as!
the!dominant!addressing!system!could!disappear!altogether!and!be!replaced!by!a!different!sys<
tem,!for!instance!email!addresses.!Then!I!would!simply!say:!“Call!me!on!benja<
min.harder@skype.com”.!Do!you!think!such!a!change!is!feasible?!And!is!it!likely?!On!what!does!
it!depend?!

!
6. If!Microsoft! promoted! such! convergence,!what! could! be! their! incentive?!What! is! their! business!

case?!
a. What!are! revenue!streams! that!come!to!your!mind! that!Microsoft!could!generate!with!a! free!

VoIP!solution!(e.g.!Skype)?!!
b. If!nothing:!Still,!Microsoft!paid!8.5bn!USD!for!Skype.!Obviously,!the!company!would!not!pay!that!

much!money!if!it!would!not!expect!any!profits!from!doing!so?!
!

7. We!have!discussed!a!lot!about!Microsoft!and!the!potential!the!company!has!due!to!the!large!user!
bases!of! its!communication!platforms.!However,!their!share! in!the!smart!phone!market! is!rather!
small.!There!they!compete!with!Google!and!Apple,!which!have!significantly!higher!numbers!of!An<
droid! and! iPhone! users.! Both! companies! also! offer! own! VoIP! programs.! Google! offers! “Google<
Talk”,!Apple!promotes!its!“Facetime”.!What!would!the!competitors’!reaction!be!if!Microsoft!start<
ed!to!push!an!integrated!communication!client?!
a. Would!they!try!to!push!their!own!program!more!aggressively?!Or!would!they!eventually!inter<

connect! their! programs! to! the!Microsoft! solution?! (E.g.! that! Facetime! users! could! be! called!
form!a!Skype!account).!What!are!considerations!that!speak!in!favour!or!against!an!integration!
of!programs?!

b. Is!one!of!the!companies! likely!to!get!their!communication!platform!accepted!as!the!dominant!
standard?!If!so,!on!what!does!it!depend!that!the!general!public!accepts!one!of!the!platforms!as!
the!leading!standard?!Which!one!is!it!likely!to!be?!!

!
8. We!have! talked!about!how!callers! could!be! interconnected!with!each!other!with! regards! to! the!

addressing!system.!We!have!learnt!that!by!interconnecting!various!communication!platforms!the!
exchange!of!the!address!information!would!be!facilitated.!For!instance,!instead!of!calling!a!phone!
number,! a! Facebook! account! could! be! called.! Another! aspect! I! would! like! to! discuss! now,! and!
which!is!of!rather!technical!nature,!is!how!the!underlying!VoIP!protocols!are!evolving.!If!two!net<
works!use!different!standards,!e.g.!SIP!or!H.323,!an!interconnection!is!difficult.!Skype,!for!instance,!
uses! its!own,!proprietary!protocol.!Do!you!believe!that!going!forward!we!will!see!a!convergence!
towards!one!protocol?!!
a. If!so,!which!standard!is!likely!to!prevail?!Why?!
b. What!speaks!in!favour!of!unifying!protocols?!!
c. Are!there!other!ways!of!interconnecting!protocols!efficiently,!without!unifying!them?!
d. Will!on!open!protocol!or!a!proprietary!one!prevail?!Why?!
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9. Before!we!have!discussed!the!implications!VoIP!has!had!and!will!have!on!the!incumbent!telecom<

munication!providers,! consumers,! and! software! companies.! There! are!more! types!of! companies!
that!are!or!will!be!affected!by!VoIP.!Just!shortly,!what!is!your!opinion!on!the!impact!of!VoIP!on!the!
following!types!of!companies?!!
a. VoIP! operators! in! fix<net! telephony! that! also! are! Internet! Service! Providers! at! the! same! time!

(e.g.!UPC!Cablecom)!
b. VoIP! operators! in! fix<net! telephony! that! are! not! Internet! Service! Providers! (e.g.! SIPgate,!

MagicJack)!
c. PBX!Producers!(e.g.!Cisco)!
d. Producers!of!Corporate!Communication!Platforms!(e.g.!Avaya)!
e. Providers! of!mobile! telephony! applications! that! rely! on! the! income! from! this! business!model!

(e.g.!WhatsApp,!Viber)!
!

10. I!am!at!the!end!of!my!questions.!Before!we!stop,!is!there!anything!you!would!like!to!add?!!

!

!
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