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Background

There are dtogether 640 million GSM subscribersin the world and one tenth of them
have Internet-enabled WA P phones dthough they rardly use their phones to access
mobile Internet, dthough the use of SM'S has become prevaent among users. KDDI
in Jgpan has some 7 million WAP users and this number may actudly equate the
number of active WAP users outside Japan.

Should this be consdered afailure, which is not admitted by the WAP proponents?
NTT DoCoMo in Jepan, by contrast, ready has 22 million active users of mobile
Internet — through its i-mode services, which are expected to yield 16 per cent of totd
revenue during the ongoing fisca year.

The demand for increased mohility has become greeter than ever before over the last
few years and dmogt dl countries are now experiencing phenomend growth in the
mobilecommunication sector. Sweden and Finland are often seen as being at the
forefront of developments of mobile telecommunications but has hardly been in the
vanguard in the development of user friendliness in mobile Internet and wirdess
goplications.

Mohbile Communication comprises services, information, products and technology

that reduce our dependence on place, time and equipment. Some futurists suggest thet
in afew years many of uswill be permanently connected to the Internet as aresult of
the next generation of mobile phones or other mobile devices. Thisin turn will
generate a high increase in demand for products and services within e commerce,
finance, media, entertainment etc.

The globd market for providers of e-commerce solutions and informetion for the
mobile Internet will be around US$ 300 hillion per year by 2005, according to a
Merill Lynch estimate. The same source suggests that mobile Internet has the
potentid to generate an increase in revenue of around US$ 180 hillion per year for
operators, and that the number of globa users of wirdess Internet could expand from
25 million usarsin late 2000 to 1.5 hillion by 2005,

Theintroduction of WAP— Wirdess Application Protocol — was by many seen asa
firgt important step to enter into the mobile Internet era. This belief was further
strengthened by a presence of two promoters of the WAP concept — Ericsson and
Nokia - dready so successful of promoting the GSM standard not only in Europe but
adso in many other parts of the world.

Nothing can beat a successful defacto standard. The audio cassette developed by
Philips and Sony, the VHS video standards from Matsushitaand GSM devel oped
among European telecom companies are sriking examples. The founders of WAP
Forum in origindly thought that they had created another successful defacto standard.

I Merill Lynch; Mobile Industry Update, September 2000
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Wall Street Journd in late 1999 optimigticaly described the background of WAP and
offered the following comments?

Certainly, WAP-ready phones won't be widely available overnight. The
services available to them still are relatively few, and wireless operators will
need to upgrade parts of their networks so that downloading a Web page over
the airwaves doesn’t require a long wait. But industry expectations are high,
as scores of companies race to become part of the WAP world.

The Wirdess Application Protocol (WAP) is the outcome of efforts undertaken by a
smdl group of companies organising an industry that has become known as the WAP
Forum. The objective of the forum has been to creste a license-free standardthat
meakes available information and telephony services to wireless devices. To access
these services WAP utilises the Internet and the World Wide Web concept.

The far-reaching deregulation of the tedlecom market in EU in 1992 changed the
market Stuation for mobile telephone operators. They were looking for possibilitiesto
compete with services and not on cogts thet would force them to mgor reduction in
their gaff employment. Around1997 there were three rudimentary and competing
technologies that were the forerunners of WAP.

Ericssonin 1995 garted a project with the objective to develop a generd protocol, or
rather a concept, for vaue added services on mobile networks. The protocol was
named Intdligent Termind Transfer Protocol (ITTP), and would handiethe
communication between a service node, where the service application isimplemented,
and an intdligent mohile telegphone. Ericsson a the time had the ambition to make
ITTP astandard for vaue added services in mobile networks.

Unwired Planet, Nokia and severd other companies developed and launched during
the following years, 1996-97, additiona concepts for vaue added sarvicesin mobile
networks. For example Unwired Planet presented Handheld Markup Language
(HDML) and Handheld Device Transpor t Protocol (HDTP).% Nokia had also been
very active and in March 1997 presented their Smart Messaging concept, which was
an Internet access service technology that was specidly designed for handheld GSVI
devices.* In the Nokia concept Short Messages Services (SMS) was used for the
communication between the mobile user and the server containing Internet
information. Furthermore, Nokia used a markup language Tagged Text Markup
Language (TTML) that Smilar to HDML was adapted for wirdess communication. It
existed only as narrowband connections. So, n early 1997 there existed a least three
concepts which al had the objective of offering Internet services to users of mobile
devices.

2 That'saWAP — How the Cell Phone and Web Contracted an Arranged Marriage, Gautam Naik, Wall
Street Journal, November 10, 1999

*The HyperText Markup Language (HTML) is used on the WWW, while HDML is used for
describing content and user interface optimised for wireless Internet access from handheld devices,
which have small displays and limited input facilities. Thus, Unwired Planet argued that their HDTP
could be considered to be awireess equivaent of the HyperText T ransport Protocol (HTTP), which
had become the Internet standard. The expectation was that HDTP would be the lightweight protocol to
perform client-server transactions.

4 WAP White Paper, AU-System Radio, February 1999
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1. Ericsson had developed ITTP with a strong bearing on voice communications,
which reflected that the company was telecom+-oriented with a focus on remote
control through the network where the operators of mobile telephony werein
charge.

2. Nokiagarted developments a an early stage but Smart Messaging, a service
amilar to SMS, was announced rather late in the day. The gpproach was based on
telephone-to-telephonerdaions.

3. Unwired Planet (UP), asmal gart-up company with some 40-50 people, located
in RTD in Cdifornia, had developed the HDML concept, which was basicdly a
browser, based on the Internet paradigm. UP had approached AT& T, Motorola,
Alcatd and Mitsubishi and the firgt two entered into partnerships with UP.

Thus, there existed a congderable risk that the market for mobile Internet would
become fragmented as amultitude of concepts might be promoted. The key
contenders redlised that they would not benfit from such a development, and the
stage was set for an intensive series of meetings and discussons that would eventudly
and do quickly lead to a common gpproach — The WAP Forum.

Ericsson was faced with a serious dilemma. With 280 mobile operators at the time
Ericsson would have to develop unique sarvices for dl of them if Ericsson wanted to
remain in agloba market to serve telecom operators with systems for the future. This
would require in the region of some 5,000 engineers within Ericsson (20x280) to
develop unique sarvices for each operator. Ericsson redlised thet it would be desirable
to provide acommon platform for gpplications — amilar to the Stuation for persona
computers — as more and more operators were entering the market. Thus, Ericsson at
the end of 1996 decided that it should try to merge the different gpproaches. Ericsson
made an assessment of the three mgor gpproaches and wanted to find a solution that
would combine three perspectives.

» Operator perspective

» Tdephoneto-tdephone

> Content

The Prophets and the Creation of the WAP Forum®

Concept Deve opment at Unwired Planet

In the process leading up to the WAP Forum there was two sets of drivers. The
smdler one was the group of management and business people and there were four
key people - from Ericsson, Unwired Planet (now Openwave), Nokia and Maotorola
The larger group was composed of some 20 enginear's from the same companies. All
magor makers of mobile handsets had snce the mid-1990s actualy been looking for a

® This article owes its existence to an interview in March 2000 with Mr. Joakim Nelson, then at
Ericsson, who gave an illuminating account of the early stagesin the creation of the WAP Forum.
Before findlizing this article he gave me additional insights and also suggested other principa actorsin
the process. On hisadvice | had the opportunity to interview Mr. Chuck Parrish one of the two
founders of Unwired Planet, Per Ocklind formerly at Ericsson and Mr. IIkka Raiskinen of Nokia
Mobile Applications. In the meantime | had the privilege of being guest researcher at the National
Ingtitute for Science and Technology Policy (NISTEP) in Tokyo, which gave ample opportunitiesto
meet many of the actors that have propelled Japan to the frontline of mobile Internet.
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viable Internet concept and Unwired Planet had established contacts with al of them.
Ericsson in 1997 initidly took aleeding pogtion that made a mgor contribution to the
formation of the WAP Forum the following year — with full participation from Nokia
and Motorola

Alan Rossman and Chuck Parrish had crested the Unwired Planet (UP) company in
June 1995 & the time when Internet was emerging at the horizon — preceded by
Mosaic ard alittle later with Netscape thet for some time would become the dominant
Internet browser. UP started to cregte the architecture and to develop a protocol for
mobile Internet, and obtained a patent for a browser that could be included into a
mobilephone. AT& T became the first customer for Unwired Planet, followed by
GTE, which was part of Bell Atlantic, and UP garted to look for European cusomers.

Sdling the Concept to Equipment Makers

Unwired Planet's engineers at the outset had a dream creeting a"minibrowser” for cdl
phones and laboured to write the complex software that was required. Then Netscape
Communications Corp. started to market an essy-to-use Web browser for PCs.
Suddenly the Internet vas available to anyone with amoderately powerful computer
and adear phoneline. This spurred Unwired Planet to look for aglobd market.

However, many others identified the need to connect mobile devices to the Internet.
Ericsson had garted early and their engineers were busy to cregte their own software
for Web phones. The efforts had sparked a hested debate within the company. Would
it make sense for Ericsson, with 45% of the market for cdlular gear based on the
dominant European sandard, to useits pull to promote its own technology as a globa
gandard. The critical crowd within Ericsson brought forward two arguments. First,
Unwired Planet dready had a sophigticated system. Second, a cooperdtive effort
would yied an open standard and creste a much bigger market for everyone. Before
meking their decison Ericsson invited Rossman and Parish of Unwired Planet to
cometo Stockholm for an open discussion.

Thisvery first meating between Ericsson and Unwired Planet, in the pring of 1997,
wasfriendly®, if occasionaly tense. The entrepreneurs, Rossman and Parrish, met
with severd Ericsson product managers and took turns waking up to whiteboard and
drawing eaborate pictures of their companies approaches. It turned out that Ericsson
people were impressed by UP achievements, and offered a proposd. Would Unwired
Panet be willing to work with Ericsson to creste agloba standard? Ericsson would
contribute Some of its proprietary technology and dso would persuade its Finnish

rivd Nokiaand othersto join the efforts.

® The account of the early Stockholm meetingsis based on the Wall Street Journd article of November
10, 1999.

" WSJreports

The proposd took the two California entrepreneurs by surprise. "We were ayoung company, and
Ericsson was agiant. | wondered whether we were going to get crushed,” says Mr. Rossman, chief
executive of Unwired Planet. Adds Mr. Parrish: "It was abig decision: Did we want to contribute our
crown jewelsto a public standard?' Christer Erlandsson of Ericsson Infrastructure was one of the

participants.
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The two managers from Unwired Planet asked for a bresk, and during a 20-minute
wak aong the corridors of Ericsson's office, they came to aconclusion. If they didn't
collaborate, big manufacturers might creete a globd standard anyway, and Unwired
Panet would be entirely locked out. So, Unwired Planet agreed to collaborate with
Ericsson to cregte an open standard. But an even bigger hurdle lay ahead. Ericsson
hed to persuade Nokiato join. As Nokiawas dready the world's No. 1 cdll-phone
meaker, Nokiawidded tremendous clout in the wirdessindustry and the Finnish
company didn't exactly like the Ericsson plan. One reason was that Nokia had quietly
developed its own micro browser, Smart Messaging, and dreedy launched aWeb
phone. Its 810 modd, unvelled in March 1996, impressadthe industry asrivasgot a
glimpse of where wirdless was headed.

Unwired Planet based in Cdifornia had previoudy established contacts with Ericsson
in Research Triangle Park, where Parrish and Rossman had met with Nils Rydbeck in
charge of handset development and his collaborator Billy Moon. The concern a
Ericsson a the time was the need to find away to link the infrastructure system with
the cdll phones and the company had for some time been developing ITTP, which
could be incorporated as an agent ingde the handset. However, Ericsson was
concerned about the risk that there would be a multitude of gpproaches, as Ericsson
wanted to have only one generic dient inddled into the handsets.

Smart Messaging, developed by Nokia, wasin certain ways better than ITTP but
many features were missing. However, there was little overlgpping between the three
approaches and Joakim Nelson (IN) of Ericsson discussed the matter with Janez
Scubik who was responsible for srategy at Ericsson Infrastructure Technology. They
came to the conclusion that it might be possible to combine dl three gpproaches.

Thus, (IN) gpproached the other contenders and Rossman and Parrish of Unwired
Planet immediately agreed to come to Stockholm (Kista) for further discussions®. UP
had dready been in discussion with Nokiaand Motorola, as the previous mesting in
March 1997 had been an encounter only between Ericsson and Unwired Planet. UP
agreed, after the discussons referred to, to join forces with Ericsson to develop an
open stlandard, on the assumption thet other key actors would dso join. Following this
tentative agreement for an open standard Joakim Nelson contacted Bjorn Kylander at
Nokiawho agreed to send people for ajoint meeting. This gettogether took place
very shortly afterwards — in oring 1997, and Mr Pitda participated asthe key
negotiator from Nokia However, Nokia remained scepticd to the proposd from
Ericsson and Unwired Planet.

Acceptance by Ericsson and Others

In May, managers from Ericsson and Nokiamet to explore the globa standard idea.
Mr.Mikko Terho, the chief Nokia negotiator and vice presdent for wirdess data, was
very rductant to join and argued that his Smart Messaging developed by Nokia could
do everything Unwired Planet's system promised. He was aso againgt the business
concept proposed by Unwired Planet to charge wirdess providers $1 for each handset

8 Christer Erlandsson of Ericsson Infrastructure was one of the participants.
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that included its technology,? and for some time Nokia remained very doubtful about
joining the proposed consortium. But the balance of power dhifted afew months later,
when Matorola joined the EricssontUnwired Planet teem. Moreover, Ericsson was
ableto bring in more supporters, including Alcatd in France and Matsushita Electric
Indugtrid in Japan. Ericsson was very dedicated to establish an goen standard and
reasoned with Nokiain the following way. “Either join or risk being out of the biggest
thing to happen to wirdessindustry in years”

Nokia remained undecided, when the cregtion of the new wirdess club, WAP Forum,
was about to be announced. So, two separate news releases were prepared - one that
Included Nokids name and one that didn’t. Only minutes before the announcement,
Nokia decided to join. *® However, the battle was not yet over as Microsoft remained
outsde. Naturdly the dominant software company was keen to provide new software
products for the new breed of Internet cel phones. The WARP proponents were
worried that if Microsoft didn't join, the entire project could come to a standdtill.

In the autumn of the sameyear AT& T hosted ameeting in Seattle where both
enginears and business people from the main contenders assembled. After astruggle
which lasted for severd days the four companies and some 20 engineers reached an
agreement on the architecture. These resultswere at an open mesting in VVancouver in

April 1998 announced as the WAP Forum that was soon afterwards followed by the
officid launching in London.

It did not take long before Matorola formdly joined the three early promoters and a
news conference was held in London in spring of 1998, attended by some 150
journdigts — to announce the establishment of the open WAP Forum. At the time
WAP basicdly consisted of only concepts with very little specifications. It was
necessary to open up the WAP Group in order to avoid anti-competition litigation. So,
it was essentid to find a proper form o organisation to promote WAP. The operators
hed aready become concerned and demanded that WAP should be included in the
norma telecom standardisation procedures. Thus, the early promoters redised that it
would be necessary to establish acompany — WAP Forum'™ Ltd (UK) — that
origindly hed four directors with limited ligbility (only £1 each).

In October 1998 Cameron Myrvhaold, then vice presdent of Microsoft's Internet
customer unit, explained that his company didn't want to join WAP because the WAP
ideawas only for cdl phones. Microsoft preferred a standard that could dso link the
Internet to a host of other devices, from TV set-top to game consoles ™ At the same

® Ericsson madeit all clear to UP from the very beginning, that Ericsson would never accept a business
concept including license fees as Ericsson only could accept a**free protocol”, and Nokia strongly
supported this viewpoint. Subsequently Unwired Planet later dropped the ides, deciding insteed to
make money by developing Web-phone services. (That'sa WAP— How the Cell Phone and Web
%ontra:ted an Arranged Marriage, Gautam Naik, Wall Street ourna, November 10, 1999)

" This type of organisation represents pre-competitive co-operation. Patents are owned by individual
firms but may not block WAP and must be made available on fair and reasonable terms, which means
that patents costs may nat exceed 3 per cent of product price. (cf ETSI rules). There are two types of
patents. Oneis essentia patentsthat control methods.

12 WSJ
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time Microsoft conceded that WAP had achieved "a tremendous amount of
momentum, it was a very difficult decision”. ™

The WAP group agreed to a compromise and offered WAP to become compatible to
technology devised by an Internet sandard setting body called W3C. Thus, WAP
would become part of amuch larger universe of devicesthat could be linked to the
Internet. Subsequently Microsoft agreed in May1999 to join the WAP Forum and
contribute to its efforts. It should aso be mentioned that NTT DoCoMo is a member
of WAP Forum, and in fact even have a seat a the Board of Directors

Launching of WAP Forum and its Evolution

On June 26 1997 four companies — Ericsson, Motorola, Nokia and Unwired Planet
took the initiative to start a speedy creation of a Sandard that would make Internet
sarvices available to users of mobile devices .In the following December the WAP
Forum was formaly established, and the Forum was open to dl members after the
release of the WAP 1.0 spedificationsin April 1998. In early 1999 the WAP Forum
had enrolled close to 100 members. The main objectives of the WAP Forum are
To be opento dl paties

Tobeindirect raionto the rdevant gandard bodies

To be independent of wirdless network standards

To endble applications to be scaled across trangport options such as GAM, IS
95 and PDC

To enable gpplications can be scaled across various mobile devices such as
cdl phones, PDAS €tc.

» To become extensible over time to new networks such as 3G

Y VVY

Y

The Wireless Application Protocol (WAP™) is an open, globdl spedfication that
permits mobile users with wirdess devices to access and interact with information
sources and sarvices. The primary god of the WAP Forum isto bring together
companies from al segments of the wirdess industry wirdess industry value chan.
The Forum members represent more than 95 per cent of the globa handset market,
and carriers with more than 200 million subscribers have become members

The WAP Forum began with four founders and has in mid-2001 grown to more than
500 membersthet include al major telecom companies, IT and software companies
from around the world. WAP Forum provided the catalyt for this particular area of
convergence and very quickly atracted many innovative organisations. The WAP
Forum states that'®
By having a boardstructure well baanced between carriers and vendors
representing mgjor regions and technologies, WAP Forum has been successiul
in avoiding standards conflicts and the resulting fragmentation of the wirdess
Internet. If there is a browser war, adoption will dow at dl leves. If the
application space is fragmented, content providers will not deploy as much

13 Comments by Kevin Dallas, head of Microsoft's wireless phone business unit, according to WSJ
aticle

4 http:/www.wapforum.com/fags/index.htmJune 29, 2001

15 F&.Q Extracts from WAP Forum web site, June 29, 2001
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content. Carriers will have to worry about supporting incompetible phones and
manufacturers will either have to build redundant technologies & a higher cost
or address only a portion of the potentid market. WAP Forum is on track to
avoid fragmentation through building strong wirdess industry consensus.

WAP is a communications protocol and an gpplication environment and can be built
on dmog any operating system. The WAP Forums gates thet its number one god is
to fodter the implementation of one compatible, globa Internet sandard for small
handheld devicesin dl wirdess networks. It has established strong rel ationships with
W3C and ETSl and has dso ensured support in Japan where one of the three cdlular
operatorsis usng the WAP protocol in its mobile Internet services.

On the future and the after 3G introduction the WAP Forum has the following to say*®
Even as bandwidths increase, the cogt of that bandwidth does not fall
to zero. These costs result from higher power usagein the terminals,
higher cogts in the radio sections, greater use of RF spectrum, and
increased network loading. In addition, the origind constraints WAP
was designed for -- intermittent coverage, smal screens, low power
consumption, wide scalability over bearers and devices, and one-
handed operation -- are il vaid in 3G networks. Findly, we can
expect the bandwidth required by application usersto steadily increase.
Therefore, thereis Hill aneed to optimize the device and network
resources for wirdess environments. We can expect WAP to optimize
support for multimedia gpplications that continue to be relevant. If
WAP is very successful in mass-markets on 2.5G networks 3G
networks may be needed purely for capecity relief.

WAP in the World and its (early) failure in Europe
Shortcomings

There are alarge number of WAP enabled teephones among the more than 600
million GSM cdl phonesthat are presently operated dl around the world. However,
only asmdl percentage of them are actualy used for accessing Internet services”.
This situation contrasts with the Stuation in Japan where in early 2001 dmost two
thirds of al mobile subscribers were dso active user of mobile Internet services,
Furthermore, by Summer 2001 basicdly dl new teephones in Japan are Internet-
enabled. Thus it is of greet interest to find out why WAP that has been hailed with
greet fanfare in Europe has performed so miserably. One of the prgohets of the WAP
Forum, & the time at Ericsson, offers the reflection on the Situation in early 1997.

1© it /jwww wapforum.com/fags/index.htmJduly 11, 2001

7 \Whenin September 2001 attending a conference in Stockholm on Seamless Mobility | asked in my
evening talk how many in the audience of 50 people possessed a WA P-enabled cel phone and how
many were actively using WAP services. The result to my question was astonishing although not
surprising. There were atogether 18 participants with WAP phones— and only asingle one professed
to be an active user of WAP services, but complained that connecting time was ahurdie with an
averagetime of at least one minute.
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His reminiscence reveds that there was hardly any vison of amobile Internet future
at the Ericsson handset laboratories in Lund, where he worked, or dsewhere within
Ericsson worldwide. Nobody at the time envisaged that mobile Internet would
become a great thing. He and his colleagues saw a great opportunity to establish an
open sandard that would become WAP, from awholly pragmatic point of view. The
Ericsson company desired one Sngle generic andard that would minimize the
engineering efforts to meet the requirements from a huge number of operator
cusomers. The Stuation & Motorola, & the time the biggest actor in mobile
telecommunications, was Smilar and that company was dreedy leaning towards the
concepts developed by Unwired Planet. Nobody had a dear picture of an emerging
mobile Internet and efforts were limited to the following aress.

- some functions so that Internet could be controlled from acdl phone

- browser function

- good function for SM Sthat the Nokia approach dready provided

All companiesin late 1996 and early 1997 shared a feding of urgency asthey sensed
that mobile Internet needed to find away into the future and it was only naturd thet
mobile makers were in the frontline. Everyone was dready aware that Internet had
come to stay and that it was urgent to find a common standard for mohile Internet, as
competing sandards were dready emerging. Nokia redlised that it was not ableby
itsdlf to take an initiative to promote aglobd sandard. This concern existed a Nokia
dready at the end of 1996 or even earlier and Nokia redlised that it was necessary to
make a good and functiond standard fredy available. The Situation a Nokiawas
different from Ericsson as agroup of people a Nokiawas aware and knew the key
people & Unwired Planet from the very beginning — & the time when Rossman and
Parrish established the company, and there had been company-to-company
discussions between UP and Nokia

These early contacts were not surprising, as the Nokia Communicator that was
released in March 1996 hed attracted worldwide attention, using the sandard Internet
mearkup language - HTML. Ericsson had in fact & gpproximately the same time
developed amohile handset, which contained many of the features that characterised
the Nokia Communicator, but the Ericsson decided not to reese its product. The
early contacts between Nokiaand UP is not surprising from another perspective, as
therewere @ the time only avery smdl number of actorsin the “wirdess space’,
which at the time included Genera Magic and Geoworks.

The development, from 1995 and onwards, of the Intelligent Termind Transfer
Protocol ITTP at Ericsson was done within the sysem divison with the intention that
is should used for the handsets. A different gpproach in development at Nokiathat led
to the Smart Messaging protocol — with afocuson SMS — gtarted dready around
1992-1993 and went through a number of trids with some fegtures incorporated in the
Nokia Communicator of 1996. Once it was redised a Nokia, a an early sage, that
Smart Messaging hed the potentia of becoming an important protocol the undertaking
expanded into asgnificant development project within the company. One line of
development took place in collaboration with Intel that developed a Narrow Band
Socket while TTML as markup language was devel oped insde Nokia

The coordination project at Ericsson that would leed to the WAP Forum was not
actually an example of skunk works but forma decisons were never taken &t the top

1
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level. Joakim Nelson discussed with his manager who discussed the matter at the next
management leve, dthough not a top executive or technology levels. Nils Rydbeck

in charge of handset development at Ericsson in the Research Triangle Park (RTD) in
North Carolinawas in the picture and gave his OK and was dso in contact the
manager in charge of the business unit for systems. Joakim Nelson summarises the
gtuation in the following words:. “We were passonately and sngle-minded pushing

the technology but none of us redlised that it would be agreet thing”.

The dissatisfied users in Europe

The following section summearizes the results of afidd sudy to identify and
characterize the usahility of WAP phones®® In thefdl of 2000, Niglsen Norman
Group sponsored afidd study of WAP usersin London. Twenty users were given a
WAP phone and asked to use it for aweek and record their impressonsin adiary.
Treditiond usability tests with users were carried out at the beginning and end of the
field study. Half of the users operated an Ericsson R320s and the other half a Nokia
7110e.

When users were asked whether they were likdly to use a WARP phone within one
year, aresounding 70% answered no - afinding, which was recorded after
respondents had used WAP services for aweek. When users were asked whether they
might get WAP within three years, the "'no" responses dropped to 20%. Obvioudy
usarsin Europe see potentia in the mobile Internet, dthough it has not yet arrived.

The condudon isthat mohile Internet will not work during 2001, but in subsequent
yearsit could take off — aso in Europe.

A mgor reason why WAP doesn't work liesin the time needed to perform standard
tasks. Seetable below.

Task time in minutes (mean)
Beginning of End of the

the Sudy study
1. Read world heedlines (from built-in portd) 13 11
2. Retrieve The Guardian's headlines 0.9 0.8
3. Check local wesether forecast 2.7 19
4. Read TV program liging 26 16

The Nidsen report concludes that:
WAP usdhility fails miserably; accomplishing even the smplest of tasks takes
much too long to provide any user satisfaction. 1t smply should not take two
minutes to find the current weether forecast a what will be showing on BBC 1
a 8 p.m. Weinformaly asked agroup of Internet experts how long they
thought these tasks should take (before showing them our data), and most
edimated atask time of lessthan 30 seconds. Considering that WAP users
pay for artime by the minute, one of our users calculated thet it would have

18 WAP Usability — D§aVu: 1994 All Over Again, Report from a Field Study in London, Fall 2000,
Nielsen Norman Group (http://mww.Nngroup.com/reportsiwap)
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been chegper for her to buy a newspaper and throw away everything but the
TV lidings than to look up thet evening's BBC programs on her WAP phone,

A second concluson isthat good user interface design can dleviate some of
the problems. It was notably fagter to retrieve current headlines from The
Guardian newspaper's website than it was to use the standard porta provided
with the WAP phones. It may be that these built-in portasfed securein their
monopoly position and thus don't alocate as many resources to usability asan
independent service. However, in the long term, users will go where they are
well treated and they may decide to bypass the "waled garden” completely if
it doesn't provide sufficient qudity.

A find concluson from the task timesisthat after using the sysem for a
week, usrs performance improvements were gopdlingly low. In most other
user interface research, users typicaly perform poorly when exposed to a new
design. After dl, they haveto learn it first. After aperiod of experience,
however, userstypicaly achieve amuch higher leve of mastery and
accomplish the same tasks up to 10 times fagter. In contrast, WAP seemsto
be so myderious and impenetrable that users don't learn much even after
subgtantial use.

The Niglsen study did not identify any serious shortcomings in the design of
telephones — neither from Ericsson nor Nokia The users had no trouble using the
telephones, which means that the usability problems were intringc to WAP and
cannot be fixed with anew phone design.

In conclusion the Nielsen reports Sates that:
The main problem with the WAP phones was not their design but the very fact
that they are telephones. The user experience will be much better on devices
that are congructed with information digplay and manipulation asthe main
desgngod. For example, direct manipulation isadramaticaly better way to
pick from menu choices and pop-up menus than ascroll whed or indirect
buttons thet are placed away from the screen, Improved mohbile devices with a
deck-of-card form factor and the entire surface area dedicated to screen space
will hopefully gart shipping in 2001

WAP in Japan — KDDI pursues the Success of NTT DoCoMo

In 1999 DoCoMo suffered from loss of market shares following the start of
CDMA ne servicesfrom DDI and IDO — now merged into KDDI. Reacting to the
success, these two operators, who merged in October 2000, have dso launched a
WAP-based sarvice, EZweh. Jgpan Telecom's J-Phone— the third mgor mobile
telecom operator in Japan - offersits J-Skywaker sarvice based on its own protocol

cdled MML (mohile markup language), with e-mail a ¥ 10 per message and web
accessat ¥ 2 per request.

KDDI is bringing mobile telecommunications services to consumers dl over Jgpan
under its nationd brand. It iscaled "au’. The origin of the name is the combination of
the firgt letters of the many keywords that symbolize the direction of our mobile

13
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business "A" for "Aacess', "Always', "Amenity", éc., and "U" for "Unique’,
"Universd" and "User-oriented”. EZweb, KDDI's mobile Internet connection service,
has adopted WAP. Offering accessto adiversity of sitesand alarge menu of services,
the number of EZweb users has been growing rgpidly.

Ezweb™ is based on the WAP standard and KDDI will be the first operator in
the world to use WAP 20. As a makup language, XHTML will be used in
Ezweb and there could be more smilarity with reguar HTML or C-HTML.
By the use of Cascade Syle Sheet in WAP 20, usy interface may be
ggnificantly improved. XHTML and wirdess TCP endbles an efficent daa
trandfer in case of rich content goplication like video or musc. Maximum
pecket data speed will be improved from 64 K to 144K in 1X. In JAVA
service, KDDI made a decison to use world sandard MIDP. KDDI and J-
Phone have a common handsat environment named Jolend. This means third
party software can be used easily and developers can provide same software to

two companies.

In the future KDDI will be working with averiety of partners and actively pursuing
devedlopment in amultitude of areas. From the development of innovative content thet
uses new technologies such as Java™ and GPRS to the exploration of large-capacity
multimedia contents such as video and music that can take advantage of an
environment of higher gpeed data transmission, KDDI is expanding the boundaries of
mobile telecommunications.

In January 2001 EZweb of KDDI offered 659 stesin its porta of which 194 were
fee-based such asringing meody download, wall paper download etc. The mgjority
of gtes, non-fee based, offered services such as sport news, generd news, ticket
reservation, mobile banking etc. EZweb started in April 1999 only afew months after
i-mode and regigtered 6 million users by the end of January 2001.

KDDI uses WAP for its EZweb and there are severd factors that made WAP
successful in Japan. Fird, there was a strong tradition to use pagers for messages —in
particular among young people and Internet would make it more convenient for
sending SMS, which 4ill dominates EZweb. A second factor was abadic differencein
mearkets structure compared with thet of Europe. The operatorsin Europe only
provide (Smple) services while the operatorsin Jgpan not anly provide services but
a0 the handsets, which condtitutes a mgor differentiation. “We provide terminds
with Internet functions”, says Satoshi Onishi of KDDI?. If you want to use Internet
with your mobile phone in Europe you have to buy specid more expensive handsets.
Control of the handsetsisan integrd part of the KDDI business modd. Operatorsin
Japan, with their interest in packet switching, have forced the makersto provide
proper handsets. All new KDDI handsets are prepared for mobile Internet — atogether
10 modds

Thethird factor was circuit switching which was introduced 6 months after KDDI
introduced mobile Internet. However, the Tu-Ka sarvice, dso bedonging to the KDDI
group, has continued with circuit switching and mobile Internet on its PHS system.

19 Communication from | kuyoshi Inoue of KDDI
2 |nterview, March 2001
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Another factor was amore firmly established Internet usage viafixed linesnet in
Europe, with a much lower penetration in Japan. Today this has favoured the cregtion
of portasin mobile handsets with a dominance for mobile Internet service providers
Onishi argues that contents will be different in Europe but suggests that business
moded s will become smilar after the introduction of packet switching in Europe —
with operator portals and billing systlem through the operator.

Mr Satoshi suggests that DoCoMo may become successful abroad in its partnerships,
even if WAP has experienced afailure in Europe with its immature business modds.
DoCoMo will be successful if it can understand culture in EU and Asaand develop
gopropriate busnessmodels. However, it is a problem for DoCoMo that EU operators
are dill usng dreuit switching for its Internet services, but GPRS might provide a
boost when it becomes more widdy available onwards the end of 2001.

Lack of aBusness Modd - outsde Japan

When reflecting on the present “failure” of WAP a Nokia manager says that
marketing of WAP could have been done differently and the early consortium and the
subssquent WAP Forum fataly missed the opportunity to communicate the WAP
concept to operatars, content providers and users, and different expectations were
created that could not actudly be fulfilled as redigtic business modes were not
developed. There was dso alack of understanding that mobile Internet was different
from the ordinary Internet that was rushing ahead. The mobility — in time and location
— isfundamentdly different from ordinary Internet and was not trandated into new
business modds.

There are 640 million GSM subscribers of which some 10 per cent have WAR
enabled phones. This number is higher that the totdl number of cdl phone subscribers
in Japan who exploit mobile Internet services- even when the mobile Internet users of
the other two operators, JPhone and KDDI, are included.

However, thereis one distinct difference between Japan and the overseas GSM world.

The 35 million Internet subscribersin Jgpan are actively usng many of the available
services while very few of GSM subscribers with WAP phones are exploiting Internet
services, and the reasons are threefold. First, it is il cumbersome to useaWAP
phone for accessing Internet. Second, the available services are il very limited
compared with what is offered in Japan. Third, the WAP phones are dtill based on
arcuit switching, which will only change when GPRS phones are introduced.

In contradt, Internet phonesin Jepan are easy to use and soon it will beimpossible to
buy cell phones that are not Internet-enabled. Furthermore, a very wide range of
Internet services are available and i-mode was from the very beginning basad on

packet switching. This has generated an important and expanding revenue stream for
NTT DoCoMo that last year produced some 10 per cent of total income— a share that
is expected to increase to 16 per cent during the present fiscal year.

15
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In order to understand the grest differences between Japan today and the GSM world
it isimportant to recognize the interaction of the three different value chains thet
compose mohile tdlecommunications®.
- Devices - with cdl phones, PDA, etc. where the markets are controlled by
makers and retailers of cdl phones
- Infragtructure which is dominated by the makers and the operators of mobile
telecommunications
- Sarvices, where various categories of content providers play an important role.

Service providers have not yet been successful to establish themsdlvesin amgor way,
neither in Europe nor in the US, while Jgpan offers a manifestly different stuation. In
order to understand these conditionsiit is necessary to look more deegply into the
busnessmodd of NTT DoCoMo. Only DoCoMo has been able to integrate the three
vaue chains through the control of operator infrastructure, its control of specifications
for cdl phones and control of retail through its own chain stores, as well as control of
content providersthat have to meet grict specificationsto be included in the DoCoMo
portal. As a consequence peratorsin Europe have not been able to generate new
markets. The diagram below shows symbolicaly the three value chains.

2! | amindebted to Joakim Nelson for shari ng hisinsights on the characteristics on aviable business
modd.
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It isimportant to understard the interaction of the three different vaue chains thet
compose mobile telecommunications
- devices
- infrastructure
- savices and contents, which have not been successful to establish themsaves
neither in Europe nor in the US,

DoCoMo has been dble to integrate the three va ue chains through the control of
system, retal of cdl phones and contents while operators in Europe have not been
able to generate new markets. The reasons are manifold and it will take sometime
before operators in Europe have developad business modd s that will exploit the
mobile Internet posshilities. The problem in Europe is thet the continent does not
condtitute asingular market and will not for some time. The US offersalarge
integrated market with a high stlandard of living, but isfaced with other structura
problems. However, the Minitel in France is an interesting predecessor when France
Telecom and IBM created a platform that for along period of time was very dtractive
— dthough only in France.

The Future of WAP

Themabile Internet-rel ated start-ups in Sweden show strong signs of growth and
development despite unfavourable changes since the excitement of 2000 and a
tougher venture capital climate. The dday in introducing GPRS has affected the
business dimeate and smal companieswill haveto find aternative ways of bringing
their products and devices to the market. However, the early and rapid devel opment

of the Nordic region has enabled a substantid share of Sart-upsto esablish an
internationa presence. Network Access Providers (operators) are targeted by many of
the sart-ups. Thereis a strong trend to transform the offerings of many companies
from aserviceinto aproduct — often as amobile middleware/platform solution. This
isareflection of the fact that operators in Sweden resst sharing traffic revenues.

There were early efforts to introduce WAP technology in Sweden, other Scandinavian
countries and aso dsewhere, which implied a period of testing and evduation. WAP
isaprotocol standard by which the tdlecom industry is united, in contrast to many
other prevailing protocols. WAP was announced by the telecom companies and media
as adefinite solver of any problem, athough there were severd clearly recognised
shortcomings such as security issues, which are being solved, and support for push
mechanisms.

However, it is not the protocol itsdlf that is the cause of problem but the use of WAP
over drcuit-switched GSM networks. Almogt al users have been deeply dissatisfied,
as the terminals lack cache capecity for dready visted pages and poor interfacein
WAP pages. These are Sgns of the immaturity of anew technology which will
eventudly be forgotten when WAP is run over packet switched GPRS networks with
better services and improved terminds. This new Situation can be expected to release
mass markets for non-voice traffic. With an ongoing shift from 2G to 3G many
operators are reconsdering ther business modd's and the opposition againgt virtua
operators leasing surplus capecity in the networks has become subdued. Obvioudy the
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exiging operators should aim for virtud operators thet are targeting a customer
segment that would complement the existing ones under the control of an actud
operator, and thus create vaue-added to atotd customer base.

However, the anticipated mass market for new service will require new versions of
handsets. Asan manufacturers with facilities for mass production, in particular from
Japan and Korea, will enter the European market and gain from their early experience
(manly from 3G and advanced understanding of user interfaces). It is expected thet
large operators with globa presence will control the availability of handsets with
certain specifications, which would partly follow the business modd that has made
NTT DoCoMo so successful in Japan.

The 3G systems may be chdlenged by technologies that have their origin in the
computer communications industry. Such technologies operate in un-licensed
frequency spectrums and users can have full broadband access from algptop
computer or any other device that is equipped with a suitable transceiver. Wirdess
Locd AreaNetworks (WLAN) is one such technology thet has become particularly
popular in the US? The future success of aternative and competing technologies
have to be understood in the context of the massve invesments that have dready
been made or commissioned for the 3G networks. The operators and users will
contend whether the upper hand will go the ability to communicate when in motion or
to globally roam with asingle handst.

The proponents of WAP perceived GSM to be an extremdy strong standard onto
which WAP could be eeslly grafted and rapidly becoming etractive to large numbers
of GSM cugtomers. Thiswill hgppen only after the networks offer GPRS, which will
replace circuit switching; a change that WAP proponents thought would come much
ealier. They dso expected that connecting time on GSM networks would be much
shorter than has actudly been the case.

Unwired Planet changed its name to Phone.com a the IOPin 1999 and was later on
merged with asmilarly Szed company Software.com to become Openwave that is
now offering M-services. They will enable vendors to provide same services on dll

types of phones.

The GSM Association has initiated Mobile Services Iritiative (M-Services), which
includes a handset reference guiddine. Thisinitiative was created to accelerate
deployment and adoption of mobile Internet services within the GSM community
during 2001. Openwave has contributed important eements of the M-Services
guideline to enable richer, more compdling revenue-generating mohbile Internet
services like those that have proven to be successful in 3 Handset vendors

2 \WLAN is based on the 802.11b standard that enables transmission rates of up to 11 Mbit/s.

2 Openwave Intellectua Property contributions include two key components: first, WML extensions
enabling ahighly intuitive graphica user interface (GUI), and second, an end-to-end architecture,

cdled Download Fun, supporting the secure download of consumer-oriented content, such asring
tones, images and wallpapers. ” The combination of packet data, GUI and the download fun service
have proven to be agreat combination in Japan,” said Mauro Sentinelli, managing director for TIM.
“Thisinitiative with the collaboration of al the major operatorsin Europe, holds the promise to ddliver
the broad adoption of the consumer mobile Internet market later thisyear.” “M -Servicesisan
unprecedented industry initiative by the GSM Association to enable GPRS users to experience anew
level of condgtent, globaly available services through the mobile Internet,” said GSM Association
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induding Alcatd, Sagem, Samsung, and Semens have committed to support the M-
Services initigtive and will commerciadly ship M-Services phones using the
Openwave™ Mobile Browser, with the first handsets scheduled to ship in the summer
of 200L

The evolution of mobile Internet within the GSVI world could possibly have evolved
differently if the GSM Association a an early stage had been able to bring out
reforms to harmonize end-user experience by bringing operators and phone makers
into closer partnerships.

However, the Japanese successful approach propagated by DoCoMo may share
gmilarities with the Mac niche while GSM resembles the PC development. The
emergence of multimedia services (MMS) and the introduction of GPRS may redraw
the globa picture of mobile Internet in which Adan countries may be in the forefront
because of their low leve of fixedHine penetration.

Mr Parrish, one of the prophets of WAP, suggests thet soon every mobile phone will

be a WAP phone once GPRS isintroduced and expects that WAP services will take
off as once SMS did. But the phone makers have to offer larger screensin full colour
and high resolution that can compete with the best PDAs but eesily fit into the pocket.

However, the red future of WAP liesin the introduction of WAP 2.0 that offer
backward compatibility with WAP 1.0 and I-mode in Japan. However, there are
indications that WAP 2.0 will only introduced after a condderable delay as no
deedline has been announced in mid-August 2001. The Stuetion is serious as 3G will
require awd| functioning browser that meets the expectations of subgtantial customer
segments.

A New Generation of Mohile Operators - in Europe

There are anumber of factors, which together explain the success of |1-mode in Jgpan.

1. Theimmediate and initid introduction of packet switching may possbly be
the sngle most important factor, as subscribers would be less concerned with
lengthy connectionsiif they were not charged for the delay in connecting.
KDDI has been successful with its mobile Internet services delivered viathe
WAP 1.0 protocol, and packet switching may actualy be the singles most
important factor.

2. DoCoMo exercised a great influence on handset makers because of itslarge
numbers of subscribers and its dominant position in the Jepanese market — and
was able to decide that their telephones should have an I-mode button.

3. Handset makersin Japan have been very respongve to expectations from
customers and an early stage introduced screens with large sizes and in colour,
which favoured introduction of colour pictures.

4. 1-mode basicaly provided an open interface thet made it very easy for many
content providersto deliver their services.

CEO Rob Conway. “The Association has acted to mohilise the wirdessindustry, bringing together its
operator community to provide clear guidance to handset manufacturers and software developers on the
needs of consumers of Mohile Internet services going forward.” Source: Openwave news release June
21 (http://mww.openwave.com/newsroon/2001/20010613_opwv_gsma 0613.html



Jon Sgurdson: WAP OFF —Origin, Failureand Future (Revised October 9 2001) 21

There are a0 other factors that have influenced the success of |1-modein Japan and
the gpparent failure of WAP in Europe. Unwired Planet had dreedy sdected a new
markup language for its concept while DoCoMo decided to use avariant of HTML
that enabled easy access to lots of contents that was aready available on fixedline
Internet. Naturdly the choice of markup language for WAP has engbled technicdly
degant olutions, and there is little doubt that very experienced technicians drove
WAP that included Chuck Parrish of Unwired Planet and severd people at Ericsson
and esewhere.

Thus, there emerged a basic difference between GSM terminds and those used for |-
mode sarvices. The latter ones were specificaly designed for easy Internet use and
offered packet switching from the very first day. Asde from smplicity in use many |-
mode terminals were o offered with colour screens. The question to be addressed is
why did this development took place in Japan and not esewhere. To find the answer it
is necessary to identify the different roles played by operators and termind makersin

Japan.

In the GSM world of mobile tedecommunications the Subscriber 1dentity Module
(SIM) card has crested a separation between makers and operators thet did not exist in
the old days when the PTTs dominated the devel opment of telecommunications. GSM
has crested a new tradition on how to govern telecom companies. Many new, and
often very large, operators of mobie telecommunications have emerged from
completely different business segments and traditions. For example the sted and
engineering company of Mannesmann established itsdlf as aleading operator in
Germany. In Sweden the Scandinavian Airlines System, Treleborg AB in mining
equipment, SpectraPhysicsin advanced medica engineering established aleading
mobile carrier, Europolitan, now controlled by Vodafone (Airtouch).

The newcomers produced a generationd shift with an operationa gulf emerging
between mekers and operators with the latter ones having neglible R& D resources
compared with traditional PTTsthat often used to be technology drivers. The result
has been that WAP and other developments of significance for mobile telecom users
have been driven by the telecom makers — except in Jgpan. DoCoMo in Jepan ill
maintains very large R& D resources, which were used instrumentdly for the
development of i-mode a a time when the new operators in Jgpan did not yet force
the generationa change that was taking place outside the country.

A top manager a TeliaMobile reflects that there existed at the time of WAP
conceptudisation awide gulf between the operators and the makers. This gave him
and others the impression that the makers of handsets were interested to develop a

proprietary standard that would cover parts of the interface protocol. He says that
thereisalittle doubt that the future development and introduction of WAP would

have benefited from an active participation of the operators and their subscribers. He
a0 ventures the opinion thet the role of operators within the WAP Forum has
basicaly been neglected.

TeliaMobile in Sveden a an early stage developed an understanding of the future
role of possihilities of mobile Internet and introduced DOF — Department of Future.
DOF was a TeliaMobile service that included a number of services such asemal,
messaging services and “unified messages’. DOF was not directed to the generd
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subscriber but to asdect group of committed and highly interested users. However,
the number of such people turned out to be less than expected but their usage of the
DOF far exceeded the estimates of TeliaMobile. The hurdles for using the services
were quite high but services were highly appreciated until they were dosed downin
2001. In 1999 Tdiaintroduced MyDof that was based on WAP, & gpproximatdy the
same time when |-mode was introduced in Japan — with its own presentation at the
GSM Forum in early 1999.

In sum, when comparing mobile Internet in Japan and esawhere it becomes very
obvious that operatorsin the GSM world were far from adequately involved in
conceptudising and deveoping WAP, and an important explandtion liesin the
multitude of various and diverging interests. TeiaMobile and other operators could
possbly have influenced or re-directed the development of WAP in amore user-
friendly way but thiswould in al likelihood have required the creation of an
dternative consortium, which would have been difficult to establish.

A very important factor is that he speed of technica change has shifted the locus of
dandardisation from the telecom operators to the makers of telecom equipment. The
operaors did not fully redlise new possihilities and one contributing factor was thet
they were no longer in the driver’ s seet of technologica development and had only
limited influence on setting sandards. The operators continued to have their focus on
standardisation procedures within ITU. But the I T sector had in the meantime taken
the lead of setting de-facto standards, which took concepts from the computer and
Internet world. At the time the operators reedily accepted only smplidtic use of Smart

Messaging like logos and ringing tones.

Findly, early introducers of WAP services dso suffered from the absence of
terminds, which was very puzzling consdering that the makers were the driving
forces behind WAP. The Swedish TeliaMobile in 1999 procured Motorolaterminas
while Ericsson WAP terminds did not become available until late 2000. Thereisa
genera notion that WAP means “Where Are the Phones?’

Competing technologies

De-facto Standards

Theindudriad sceneisincreasingly characterised by companies thet operatein a
networked economy. Important knowledge sources exigt in relations with companies
that supply materids, components and sub-systemsto larger companies, and dso
provide various consultancy services. Thusit is essentid to gragp an understanding on
the utilisation of R& D results and knowledge resources that originate outside the
company - and how mechanisms of exploitation are changing over time.

It has been the conventiona wisdom that companies should seize stientific and
technologica knowledge from their innovative activities for proprietary use, thereby
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achieving higher levels d innovation than their competitors and thereby earning
higher innovation rents

This resource-based view of the firm argues that a company should not openly share
resources that are valuable, rare, not easly imitated and hardly substitutable.
However, the nature of competition changes of the course of innovation and
technological development leading up to commercidisation. It is generdly observed

in many technologicd fields thet pre-paradigmetic competition is exceptiondly

intense astechnologica progress is often path-dependent. The technologica paradigm
may define a single product architecture that will dominate a certain st of
goplicaions.

The establishment of aparadigm - later to become de facto dandard - isacriticad step
that requires complementary resources and investment in infrastructure that is outside
the scope of asingleinnovating firm - even avery large one. Thus, the competition in
the pre-paradigmatic phaseislikely to follow technologica trgectory where a critica
mass d companies can jointly mohilise resources. This argument is supported by
empiricd studiesin the globa flat pand display. > Similarly, the Canon company
argued that itsfalure to bring the dternative ferro-dectric crystd diplay to afull
mearket success was to a considerable extent due to the lack of atechnology family of
firms working towards the same god, as was the case for thin-film-transistor (TFT)
technology that started much earlier®.

Spencer argues that firms could share knowledge within either anationd innovation

system (NIS) or aglobd innovation system (GIS). She argues
In the context of technologica innovation, the nation thet inditutiond
environments vary cross-nationdly holds important implications. If
diginctions in countries nationd innovation systems cause evauation
standardsto vary cross-nationdly, then a different technology may well win
out as paradigm in different countries. If countries dominant designs emerge
independently on one another, then afirm will find its best interests served by
taloring its knowledge-sharing Strategy on only one country. There are
reasons to believe that in many high technology industries, an innovating firm
mugt participate in inditution-building activities within its GISas well as inits
own NIS.

The devdlopment of the GSM system for mobile telephony illustrates that two of the
now dominant firms - Ericsson and Nokia - based their innoveations on both nationd
and European networks where ETSl played an important role. The same two actors
areinvolved in amuch broader network in the pre-paradigmatic phase for the 3¢
Generation Mobile Teephony System. Obvioudy, any firm that wants to influence
the emergence of technicad and evauation sandardsin aglobd industry will haveto
influence the globa, and nat only its nationa or European, inditutiond environmen.

* This paragraph is based on Jenifer W. Spencer, Firms Knowledge Sharing Strategiesin the Global
Innovation System, Carnegie Bosch Ingtitute Working Paper, February 25, 1998

% Jenifer W. Spencer, Firms Knowledge Sharing Strategiies in the Global Innovation System, Carnegie
Bosch Ingtitute Working Paper, February 25, 1998

% Jon Sigurdson, From Sweden to Jpan: The case of Canon and Ferroelectric LCDs, in Industry and
Innovation Journal (Specia issue on Globa LCD Industry), Volume 5, number 1 (June 1998), pp 73-
91
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Spencer suggests thet the extent of knowledge sharing could be measured by volume,
quality and breadth, and argues that the importance of having critica mass
competitor s on the same technologicd trgectory extends well beyond firms operating
in networked indudtries.

Occasiondly a high technology firm can shape the indtitutiona environment in favour
of its technologicd trgectory but knowledge sharing will, according to Spencer, hdp
afirm influence the inditutiona environment through two mechanisms.

1. A firm can dtract competitors to its own technologicd trgectory to form acritica
meass of firmswith avested interest in the success of the new technology.

2. A firmcan promote the emergence of favourable sandardsif it can influence
scientigs perceptions concerning the mogt critical obstacles to overcome before
commercidisation and the gppropriate criteria to judge the merits of the
innovation.

Thus the primary objective of aknowledge-sharing strategy lies in increasing the
probability thet the firm's technology will become dominant in large commercid
markets. Consequently, afirm pursuing such astrategy is likely to srengthen its
competitors but a the same time increase the totd Size of its technology's potentia
market. Nationd markets are no longer the "principa entities’ of the world economy.
The dramatic increases in the scale of technology in many industries--its cogt, risk and
complexity--have rendered even the largest nationa markets too smdl to be
meaningful economic units, and markets have been fused transnationdly rather than
linked across borders®’

Inanumber of critical indudtries, the scale of production and/or technology has now
increasad to the point where fixed costs must be amortised over alarger market base
then is avallable in even the largest national markets and this has led to globdisation.

The trend to globalisation of innovation thet has been well documented does hardly
diminish competition among states. However, the emergence of corporate innovation
systems (CIS) that are partly independent of nationd innovation systems, and a more
universd globd innovation system (GIS) make it more difficult for a state to control
where the innovation rents are disiributed. The development of human resourcesin
science, engineering and more generdly in higher education is obvioudy an area
where adtate il has alarge measure of control which is dso true for various
infrastructure thet is needed in innovation activities

The development of second generation mobile telephony provides an example where
the countries which today condtitute the EU took a lead to set the Sandards with
maor R&D efforts by “nationd” companies whilein Japan the 2G sandard remained
apurely nationd effort with the conseguence that equipment makers in Japan were
excuded from globa markets. The recently concluded development of 3G standards
has taken place across not only nationa borders but aso across continents, and WAP
is another example of the emergence of a Globd Innovation Sysem (GIS).

z Stephen J. Kobrin, Beyond Symmetry: State Sovereignty in a Networked Globa Economy, Carnegie Bosch
Institute, Working Paper 95-8



Jon Sgurdson: WAP OFF —Origin, Failureand Future (Revised October 9 2001) 25

[-mode Launch in Japan

NTT DoCoMo hes with i-mode crested an identity, distinctly different from
NTT itsdf, which is dill the holding company for DoCoMo and severd other
companies. DoCoMo was spun off from NTT in 1992. At the time mogt daff
was rductant to leave the man company, ill conddered to be a naiond
plaform for advanced technologicd devdopment while cdlular teephony
was seen as technologica backwater. The presdent, Mr. Oboshi, a an ealy
dage took severd initiaives, which would lead, to a new a disinct DoCoMo
busness draegy. A number of daing people were brought in from the
outsde, which induded Ms Mai Masunaga and Mr. Takeshi Natsuno. These
two people have played an outdanding role in the early devdopment of i-
mode with the former one in marketing and the latter in charge of technology

development.

Devedopments smilar to those of European and American makers of mobile
telecommunications aso took place in Japan, but with adiginct difference that has
had far-reaching consequences. The development of mobile Internet servicesin Japan

has been dominated not by makers but by a dominant mobile carrier — NTT DoCoMo.

This company launched its concept — i-mode in February 1999 and very quickly
redlised, much to the surprise of the outside world thet it had created a commercid
SUCCESS.

Natsuno?® was brought from an Internet start-up company in 1997, and today hasthe
pogtion of media director for the gateway business department at NTT DoCoMo. He
mentions that he spent alot of time browsing Internet services in the US, and
borrowed ideas from AOL, which he percelved asamode. The decison by DoCoMo
to deploy its own technology for i-mode by usng compact HTML was criticd asit
used a subset of web programming which is very amilar to text verdon of web pages
that existed on the Internet. He says that the business modd rather than the
technology was the garting point and stresses that DoCoM o hed little choice asthe
wirdess gpplication protocol (WAP) option, which usesits own markup language,
WML, was not feasble. So, DoCoMo decided to implement its own solution, based
on asubsat of Hyper Text Markup Language — now usudly referred to as compact
HTML (GHTML).

The proponents WAP technology argue with consderable judtification thet their
protocol is more sophigticated as it can handle mogt of the irregularities that occur in
mohile tdecommunications, dthough they redise that DoCoM o has dready
edtablished a market position thet it will take WAP many years to reech. Furthermore
i-mode was initidly introduced with packet switching, while WAP garted with circuit
switching which only GPRS will dimingte.

A complete duplication of DoCoMo's gpproach outside Japan is unlikely as no other
country today offersthe highly verticaly integrated market thet existsin Japan — with
NTT at the centre that could enter the market with its own version of the Internet and
support it with attractive, affordable phones. However, thereislittle doubt thet
DoCoMo has been helped by Japan'srdatively low leve of PC penetration and low

2 The views referred to Mr. Natsuno are based on an interview in December 2000.
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Internet use over fixed lines. Other important success factors include pricing of i-
mode services, which have been affordable to dmost everyone and an astute business
judgment to use the familiar mobile phone, rather than introduce a persond digitd
assigant (PDA) or some other device.

Thei-mode idea originated as a mobile Internet concept around 1995-96 and studies
were initiated in the Service Development Divison NTT DoCoMo. Initidly there was
no discussion on packet contra circuit switching and no discusson whether to use
HTML markup language of Internet or the HDML markup language of WAP. The
focus was on how to efficiently use asgnd, which was limited to 9.8 kbit/s.
However, on the Sgnd protocol function WAP is much doser to Internet. WAPis
actudly agood protocol but its Internet functiondlity has become doubtful in Europe,
and WAP will soreed only dowly and become significant only after 2005 - in the
opinion of many Japanese obsarvers.

A committee project was established before Fmode started and NTT DoCoMo
engineers were engaged in heated discussions ingde the company, but aso with
counterparts a Ericsson and Nokia However, there was never any support for usng
WAP and the decision to use HTML as markup language was taken very early, says
Mr Natsuno who was the technology |eader of the i-mode project.

In the early start-up phase it wes difficult for DoCoMo to enlis content providers,
while the main problem now liesin the sdlection of very willing content providers. In
the development of a suitable browser for Fmode a smal company without any earlier
direct rdaion to NTT DoCoMo, Access, played an important role for DoCoMo and
there was never any discussion to involve foreign companies such as Microsoft or
Netscape.

Access Corporatior’” is primaily a soluion provider for handsets which
completdly dominates its busness. The company is dso providing solutions
for servers operated by the content providers who are not fully aware of
technicd solutions. 40-50 per cent of Access activity is geared to i-mode
empowered cdl phones Income comes from initid fee plus roydty of
ingdled software components, eg. browsers,

Access, founded in 1979, is dill a sndl company with some 200 people
However, the company has become a mgor supplier of non-PC browsers with
its two main products — NetFront and CompactNetFront.*® Compact Netfrat
is optimd for amdl, mobile communicaion devices udng origindly
monochrome smdl liquid caysd streens as cdlular phones, PHS, pages
watches and radio/cassette players. Access has been successful in developing
embedded software that is copied into read-only-memory®:.

? |nformation from interview with Mr. Toshihiko Y amakami of Acess Access November 28 2000
% Information from |EEE artidle: Y amakami, Toshihiko, E-Commerce Enables Information
Appliances: A Japan-initiated Challengein Wirdess Internet

31 Technologies for embedded software face anumber of chalenges. Firgt, limitsin CPU and memory
force embedded software to provide specid functions for devices to become useful for customers.
Cogtsfor CPU and memory must be kept low in order to manufacture low-cost devices and embedded
software hasto highly functiond rather than providing generd-purpose functions. Furthermore,
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The number of licenses was Hill neglible in 199697 and only reeched one
million in 1998. However, in 1999 the Internet-empowered game consoles and
Internet-empowered cedlular phones boosted the growth of licenses A mgor
reason is the use of CompactNetFront as a microbrowser for cdlular phones
in Jgpan with the expectaion that this trend will be duplicaied dsewhere in
Asa and in Europe The company entered into an agreement with Sun
Microsystems in 1984, and has close contacts with the WAP Forum. . Access
hes provided the browser for the Nokia handsst that was introduced in the
Japanese market.

Access has reached the top pogtion of providing no-PC browser and expects
that number of new markets will soon develop in areas such as car navigation
sysems and power meters — with the introduction of Java. Access has 8 units
(subddiaries) in Jgpan and in November 1999 edablished a unit in Sen
Francisco which was followed in November 2000 by a European unit located
in Duesddorf, where dso NTT DoCoMo decided to locate its European

development centre.

Mr Natsuno stresses that the i-mode factor from Japan has grestly influenced
Internet®2. The new Internet services are not only a question of standardisation. People
from the Unwired Company came many times to DoCoMo as evangdigts for their
gpproach. They argued that wirdess Internet would be distinctly different from wired
Internet but failed to persuade the DoCoM o group to actively develop their concept of
mobile Internet in Japan, as the DoCoMo project remained under the strong

leedership of Mr Inoki.

Unwired Planet origindly opted for a completdy new markup language while NTT
DoCoMo in Japan decided to use a subset of HTML to which was added a number of
extensons. The success of DoCoMo's Fmode does not rest in the choice of
technology, architecture or markup language. The magnitude of DoCoMo success is
contained in the company’ s &bility to develop a complete and inclusive solution,

which covered handsets, contents, pricing and marketing as key feetures. All of them
had to be offered a ahigh leve of relevancein order to attract the customers.
DoCoMo was greetly heped by amarket heavily concentrated with only afew
operators. Furthermore, the company controlled the vendors that sold its cell phones
and were d 0 able to dictate to the makers the specifications of the handsets and was
able to exercise atremendous power in the market place.

Natsuno emphasises that he comes from the Internet®™ world where he developed
sarvices — whereit is possible to understand the system as ablack box. He dso
disregards the notion that content providers are culturdly biased. The conceptud plan
for i-mode was prepared in September 1997, and dated September 12 in the recently
published bock “1-Mode Strategy”**. DoCoMo in December 1997 organised afind

additiona software will not be downloaded and required expandability must be provided from the

?Zeqmng. . )
Natsuno, Takeshi, i-modo sutoratgi (I-mode Strategy), Tokyo, 2000
% Natsuno was manager in an Internet company — HyperNet —that took an early approach of becoming
of afree Internet Service Provider, athough the company has since failed.
34 Natsuno, Takeshi, i-modo sutoratgji (I-mode Strategy), Tokyo, 2000
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fact-finding misson before deciding its own srategy to move ahead — according to
the September Concept Plan. A group of some 20 people went to San Francisco to
hear comments and ideas from everyone of importance — including AT& T that had
been strong advocate of an dternative approach. The group conssted of DoCoMo
core people and 1-2 people from each of anumber of important (handset) makers. The
DoCoMo group found that contents were very poorly developed and would remain
poor for aternative gpproaches— and only confirmed their earlier misgivings that had
materidised long before the September Concept Plan. So, choosing HTML, dso
advocated by Access, became evident in the find DoCoMo evalation. A mgor
reason being that contents reedily available in Jgpan was equaly meagre, but the
choice of HTML would speed up the process of early delivery of atractive contents
that was available for fixedHline Internet in Jgpan. In the early stage of I-mode
financid, news and other time-honoured services dominated, a supremacy that was
soon to be taken over by “entertainment” services.

The Concept Plan had two main features, according to Natsuno. Frg, it was
idedligtic. Second, it was based on a step-by-step gpproach with intent to learn from
Internet. Three stages were foreseen

- before one million subscribers

- beforeten million subscribers

- dter ten million subscribers

Reaching one million people after six months more or less corresponded to the
expectation in the origind plan but reaching 4.5 million after one year exceeded the
expectation with some 50 per cent. Relaions with third party companies were clearly
identified as critical from the very beginning Ssnce DoCoMo had decided againgt
bringing in its own contents. Share of entertainment services was quite low in the
early gages and DoCoMo initidly basad its reputation on enlisting banking and
financid services aswel as news services. Financid contents were actudly the basis
in theinitial stage.

Thei-mode group at DoCoMo was confident about their i-mode business plan but top
management remained sceptical even as late one week before the launch of the
sarvices - that would set DoCoMo on a completely new track after only afew months.
Mr. Mitoshi Hirokane, now senior manager in DoCoMo Marketing Heedquarters was
one of the sceptics, and R& D people aso remained sceptica. However, the i-mode
team was able to move forward againgt the many critica managers as the project had
the blessing from the very top. Mr Obochi, then CEO of DoCoMo, had in January
1996 given the assgnment to Mr Inoki — the overdl project manager for i-modeand
told him “you can do anything .... you should find good people’. A specid department
was established in July 1997 and Inoki gtarted to recruit key people who soon

induded Matsunaga-san who came with broad marketing experience of popular and
low-cost magazines, and soon afterwards Natsuno-san was recruited to lead
technological development. The basic dements of the service concept and the now
very familiar logo, which now everyone in Japan recognises, were decided early on

by avery amdl group of people. In September of 1997 the group conssted of only 14
people, which had expanded to 60-70 ayear later, and about 100 in late 2000.

Natsuno stresses that positive feedback loops in developments of complex systems,
with which he was familiar with from the Santa Fe Indtitute, are important in order to
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provide a bass for increasing returns. He argues that he was able to incorporate thisin
the origind business plan and emphasses that the technology platform of i-mode has
dlowed greet credtivity among the contents providers.

Thegtesfor fishing, and the success of introducing Pokeman figures exemplify this.
Suchcrestive results were far beyond expectations. There has aso been extremely
favourable feedback loop from the rapidly increesing number of subscribersto

support more content providers and stimulate quaity and attractiveness of contents.
Mr Nasuno, in the interview, again emphasised that the surge in contents has been a
surprise — even to him — when reflecting on the situation in late 2000. He says that the
same favourable surprise dso gpplies to deve opment of mobile advertisng.

I-mode is, according to Natsuno, undergoing two important trandtions, whichina
major way will provide benefitsto DoCoMo customers— a vertical trandtion and a
horizontd trangtion. Thefirg is exemplified by Java functions, which means that
software can be downloaded and made operationa inside the handsets— thus creating
smart phones. The plan to introduce Java was dready articulated in December 1998
and a contract was Sgned with Sun Microsystems in March 1999 to develop Javafor
DoCoMo cdlular phones.

The second trangtion hasiits basis in the concept of packet delivery and Storage.
Mohile telephone customers will soon be able to connect their phonesto CD-ROM
and to various Sony devices via cable. Ability to connect with Sony Playstation and
TV monitors will follow, and Playstation connectivity was made available in February
2001. Ancther future possibility isto connect the mobile phonesto car navigation
systems and GPS. Another important eement of DoCoMo business strategy is “point
and mohile’ that will be available through an agreement between DoCoMo and
Lawson that has more than 7,500 convenience stores located dl over Jgpan, smilar to
7-11 chain stores. These stores will become pickup points for goods and services that
customers order through i-mode.

An Enormous Success of mobile Internet in Japan

DoCoMo has dready written history by being the fastest-growing cellular data service
ever, and the company hasin the process become the most highly vaued telecom
company. This success story is being watchedby dl other telecom companiesthat as
s00n as possible want to find out what the consequences are for the world outside
Japan. To what extent can the Fmode be copied or a least adgpted outside Japan
where industry structure and demographics are unique. WAP is the competing
technology and business managers everywhere are formulating and discussing
business plans that by necessity make reference the i-mode gpproach.

The situation was less rosy in the past when the DoCoMo and the makers of mobile
telecom equipment redised thet they had missed out on much of the second
generaion cdlular boom around the world by its focus on narrow proprietary
standards such as PDC and PHS which never aitracted any following outside Japan.
By having succeeded in rgpid establishment of a de-facto standard for services, NTT
DoCoMo and other Japanese companies, smdl and large, are now determined not to
miss out again. DoCoMo has taken minority eguity stakesin anumber of telecom

29



Jon Sgurdson: WAP OFF —Origin, Failureand Future (Revised October 9 2001)

companies outside and made afirg acquisition in December 1999 when it bought
19% of the biggest Hong Kong operator, Hutchison Telecom followed by a 20%
equity sakein Hutchison 3G in UK.

Theintroduction of i-mode services by NTT DoCoMo in February 1999 has created a
paradigm shift in mobile tdecommunication. Its successis based on customisation

and rapidly expanding hogt sarvices that attracted many people by removing
regrictions in place and time. DoCoMo was in a gpecid Stuation as it controlled more
than 50 percent of the subscriber market for mobile telgphones in Jgpan.

Theimmediate use packet switching for i-mode services enabled an attractive pricing
system, which found favour with most users. The earlier and remaining close rdaions
to makers of infrastructure and handsets, based on highly competent engineersat NTT
DoCoMo, dso contributed to the introduction if very user-friendly handsetswhich
pushed argpid introduction and expansion of Fmode services, which hasinitidly

taken root among younger age groups — with a pre-dominant private use.

NTT DoCoMo dtarted to offer i-mode services on February 22, 1999 and becamein
the same year the biggest Internet Service Provider (1SP) in Japan. Is has surprised the
wholeworld that NTT DoCoMo has managed to launch a mass market wirdessdata
sarvice and that it has become notably profitable in a very short time - in atime of
shrinking margins for cellular telephone companies.

Goldman Sachs™ had forecast in early 2000 that i-mode would by March 2002, have
more than 10 million cusomers or nearly one third of al DoCoMo users. Thet figure
was reeched dready by the middlie of 2000 year and the total number of i-mode users
hed dready reached close to 20 million by the end of 2000. By that time DoCoMo
hed areedy decided that al their new telephones would by early 2001 be equipped for
i-mode.

[-mode is presently used primarily for short messages and e-mall, followed by musc
download, trailed by ahost of other services. In thisway i-mode has draticdly
challenged the conventional wisdom that the combination of Internet and mobile
phones require subgtantia bandwidth to satisfy customers. The ddlivery of i-mode
contentsis delivered at the dow speed of 9,600 hit/s, dthough DoCoMo's packet
network, DoPa, an overlay of DoCoMo's PDC system, can actualy support speeds of
up to 28,800 hit/s. However the midget sze of the disolay means only limited
bandwidth has been required to initidly aitract cusomers. The average homepage Sze
151,200 bytes and e-mail messages are limited to 500 bytes, with each phone being
able to store up to 100 messages. Equadly important is packet switching, which means
thet the device is dways connected with the cusomer being charged only when
packets are transmitted.

[-mode has become most popular in the age brackets from high teensto 35 years,
athough market research indicates that the most enthusiastic on-line users are women
in their late 20s. This reflect a demographic fact thet the average age for marriage is

% Reported in Robert Clark, The future of wireless? Wireless Asia (telecomasianet), February 20,
2000
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around 30, and un-married young women have kecome a large consumer segment
with high disposable incomes.

Revenue for DoCoMo is generated in three way's - subscriptions and carrying packets
of data and, increasingly, from e commerce — collecting commissons on transactions
over the network. DoCoMo deducts 10 per cent from the charges that customers pay
to the content providers. In Spring of 2001 the number of i-mode subscribers had
reached 22.5 million with average revenue per user (ARPU) of Y 8,650 per month (US
$70) with 10.2 per cent generated from i-mode services. The revenue forecast for the
ongoing fisca year indicate the same leve of ARPU, dthough 16.6 percent is
expected to be generated from Fmode services.

The success of 1-Mode has propdled market evauation to astronomic heights and was
in November 2000 US$350 hillion, which far exceeds the vaued of NTT, parent
company, and dl other telecom companies outside Japan. After licenses being granted
for 3G savices, in July 2000, DoCoMo has embarked on amassive investment
program for the W-CDMA system, which will be thefirgt in the world, with expected
nationa coverage of 90 per cent in 2003, Initid 3G sarvices were launched on asmdl
scde by the end of May 2001, with a full-scae introduction postponed until October
when DoCoMo expectsthat dl software glitches in the radio access networks will
have been weeded out.

M erging of mobile Internet platforms

Thefailure of WAP cannot be understood when not considering the emergence of the
GSM gandard and its success. The GSM Association is the world's leading wirdess
indudtry representative body congsting of more than 535 members - second and third
generation wirdess network operators and key manufacturers and suppliersto the
wirdess industry.*® Members of the association span 168 countries of theworld. The
GSM Associaion is responsible for the deployment and evolution of the GSM family
of technologies; GSM, GPRS, EDGE and 3GSM (or W-CDMA) for digita wireless
communications. The association members provide digita wirdess servicesto more
than 537 million customers, callectively (as of end May 2001). The GSM platform
accounts for gpproximately 70% of the totd digital wirdess market. The actors that
crested the GSM world and its members felt confident that WAP could be grafted
onto existing systems — without any mgjor changes in technology or business modds

In contrast to WAP in Europe KDDI in Jgpan, or rather the predecessors of the
present company, was very quick to configure its network system including the
handsats, and dso provided a user-friendly sarting page for mobile Internet. In
Europe the operators considered WAP sarvices to be aluxury and nothing much will
happen until GPRS becomes widely available. The successor of 2G isW-CDMA in
Japan and its equivaent in Europe is IMT-2000 thet is expected to replace GSM
during this decade. It is not yet dear whether 3G will fully replace GSM and other
pardld 2G systems and this has a digtinct bearing on the future of mobile Internet.
Many observers argue that 3G systemswill in no way be equated with mobile Internet
asit will become operationd too late, istoo limited and has received only very limited

% http:/Avww.openwave.conmvVm services/fag.html
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gimulus from the users. Mobile Internet, these critiques argue will gopear later when
meanifold gpproaches will exist and amost everyone can become an operator. This
red firg generation of mobile Internet would have the following characteridtics

- lesscomplex

- more us influence

- new open busness modds

- proliferation of nonicensed space

- open neworks

When reflecting on the WAP Forum today Joakim Nelson says that he and others only
saw the open sandard as a protocol, and completely disregarded the users. “We were
technology drivers’. A key manager & Nokiacals attention to the failure of WAP,
which followed from the success of GSM, but stresses that WAP is today one of
mobile Internet standards that customers recognise. WAP dready has a number of
interesting applications, in particular vertical business gpplications and the next mgor
development isto make WAP availade to ordinary customers as soon as GPRS is
ready, which will happen by end of 2001. However, a ep-by-sep deve opment will

be needed for customers to accept WAP.

There are anumber of reasons for the failure of WAP in the West, as opposed to
Japan.

» Hrdg, the networks were origindly not designed and have not yet redly been
converted for handling mobile Internet, of which the persstence of circuit
switching isavery important factor.

»  Second, connecting time for WAP and aso downloading time is unduly long.

» Third, the operators outsde Japan have not yet developed any strong business
modds for introducing WAP sarvices.

» A basic reason for thisfailureliesin the way the WAP Forum was created
when little was done to involve the operators and their networks and optimise
ther activities towards mobile Internet.

» The specifications for the WAP protocol were quickly done but there were
hardly any atention to products— neither services nor handsets.

Thus, both Nokia and Ericsson were very late in developing and marketing their WAP
phones. However, the WAP Forum is moving ahead and both operators and makers
suggest that WAP has a bright future, as news, games and other wirdless services will
increasingly demanded by users of mobile handsets. Nokia and other makers have
dready introduced browsersin anumber of their handsets - but not yet in every sngle
new handset asin Jgpan.

However, in the future mobile Internet will not be dominated by arigidly specified
browser as was origindly conceived in the WAP protocol and later on advocated by
the WAP Forum. WAP is again changing the Stuation, as verson 2.0 will remove
many of the strict preferences of the first verson and introduce a browser based on
Internet andards. Services will become dominant and their development will take
their impulses from the computer world. Java gpplications will play an important role
as they will shift the intelligence from servers to the handsets. Much of mobile
Internet gpplications will in the future emerge outsde the browsers, as many
goplications do not actudly need a browser, such as payments. It is rather enablers

32



Jon Sgurdson: WAP OFF —Origin, Failureand Future (Revised October 9 2001)

that will bring anew dimension to mohile Internet, and downloadable gpplications
will become very important.

Operators no longer need to be heavily invdved in setting telecom standards athough
they have not fully redlised the new Stuation. All sandard setting for services have
basicaly moved to the web domain. Asaresult (mobile) telecom standardisation has
moved into Internet and the operators are not & in the front line in the devel opment of
Internet. One important reason is thet they no longer control enough R& D resources
to be ddle, in amgor way, to paticipate in this development. The Stuation in Jgpan is
different where NTT DoCoMo has been in contral of tota orchestration and has with
itsinterna R& D resources been able to contral both the devel opment of handset
configuration and the delivery of sarvices

A globd mega-operator could possibly take on asimilar role outsde Jgpan — dthough
it ismore likely thet anew industria structure will emerge®”. The technica changes of
miaking telecommunications based on Internet protocol will change the telecom
landscape. Multiple services can be used and the customers will in the future be able
to eadlly shift from one operator to another — and artime may in the future be
auctioned in red-time. Solutions such as SIP (Session Initigtion Protocal) will in fact
loosen the control of individua operators and adiversity of operatorswill emerge,
where some will take on therole of chief trangport providers while other operators
may become more specidised.

Wirdess LAN (W_LAN) is another important factor that could greetly affect our
perception of mohile telecommunications and dradticaly change busness models.
Public Wirdess LANSs, usudly referred to “Hot Spots’ are rgpidly spreading into
placeslike hotels, restaurants, airports and railway stations. Thisis happeningin
many countries dthough the US, Scandinaviaand Japan are in the forefront. These
hot spots have the potentia to offer high capacity — up to 11 Mbit/s — in two-way
communications for users of dmog any kind of digitd devices The expansoniis
likdy to come very quickly as many lap top computers and PDAs are dreedy fully
equipped for usng W-LAN following the same internationdl standard — 802.111.b —
which is dreedy widdy used in offices and universities. However, there isan
important barrier to awider use as prices of laptop computers and PDAs are too high
to trigger amass market for non-business users.

Can the merits of high capacity at low cogts of W-LAN be combined with the merits
of 2.5 networks rgpidly providing wide coverage ingde a great number of countries
and between them? This could become a powerful combination and actudly creste 4G
networks long before 3G becomes fully operationd. This could be the death of 3G as
such acombination would diminish revenue streams for 3G operators. It could dso
provide the basis for amore hedthy telecommunication industry by combining

various sysems and 5G could emerge from 3G. Ultimatdly, the answer lieswith the

%7 Changes can be seen at the horizon for which the following comment provides an illustration. “ Until
now, the privatisation of formerly state-owned telecoms businesses has | ed to the search for lower
cogts, the occasiond change of management and some mergers. The phase we are no moving into is
likely to lead to moreradical changes: leveraged buy-outs, wholesale dismemberments of some
businesses, more widespread consolidation. ... once an industry loses control of its destiny, the
ourcomesfor individua companies are often onesthat neither managers nor shareholderswould have
predicted.” By Martin, Peter, To loose agrip on destiny, Financia Times July 31 2001
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users whether they find thet new services and gpplications are worth paying money
for.
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List of Acronyms

1G - Frdg generation of mobile tdephone systems - andogue

2G - Second geneaaion of mobile tdephone sysems — digitd. The mod widdy
sued sandard is GSM.

2.5G - The generation between 2G and 3G, with speeds enhanced by GPRS and
EDGE.

3G - Third generation mobile telephone sysems that will combine voice and high-
gpeed data services and offer awide range of multimedia services when fully
developed. W-CDMA as part of generic UMTS miking this possble.

AOL — AmericaOn-Line, largest Internet service provider inthe US

ARPU - Average Revenue Per Unit. One indicator of a wirdess busness operating
performance. ARPU mesasures the average monthly revenue generated for each
customer unit.

ASP - Application Service Provider. A business that hogts business software
goplications on itsown serversand rents them out to dients via the Internet.

B2B - Busnessto Busness Refersto one busness communicating with or sdling to
another.

Bluetooth - Bluetooth developed by Ericsson and now established as an open globa
standard is named after a Viking ruler is atechnology that dlows low-cost and short-
range — some 10 metres - high frequency radio links between |gptops, mobile phones
and other portable devices.

CDMA 2000 - Code Divison Multiple Access 2000, isaradio transmisson
technology for the evalution of narrowband CDMAOne to third generation adding up
multiple carriers.

CDMA - Code Divison Multiple Access. A wide band spectrum (1,250 kH2)
technology that alows multiple conversations across the broadcast spectrum.

CDMAOne - Code Divison Multiple Access One, is the interim standard, 1S95, for
CDMA.

CI S— Corporate Innovation Sysem

c-HTML - Compect Hypetext Makup Language. The language in which NTT
DoCoMo deve oped itsi-mode services.

Content Provider - An enterprise whose products are information-based, that is
content owned or managed for third parties Content providers often indude services
to access and manage content.
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DDI - Cdlular operator, usng the CDMAone dandard that has been merged with
other companiesinto KDDI, now one of the three cdlular operators in Jgpan

ETS — European Tdecommunications Standardisation Inditute

EDGE - Enhanced Daa for Globd Evolution, is a fader deivaive of GSM. It
enables multimedia and broadband functions to be performed on mobile phones.

EZweb— Mohile Internet services offered by KDDI, based on the WARP protocol,
have been able to achieve the same penetration in its customer base, as has DoCoMo
for itsimode.

GIS— Globd Innovation Sysem

GPRS - Genad Package Radio Savice An extenson for adding faster data
transmisson speed to GSM networks. It is a package-based technology.

GPS - Globd Pogtioning Sysem. A sysdem, which uses a sadlite to confirm a user's
position on the earth surface,

GSM - Globd Sygem for Mobile Communication. The  European
Tdecommunications Sandardistion  Inditute (ETS) and vaious EU  reseach
programs, such as RACE, played an important role in establishing this sandard.

HDML - Handhdd Makup Languege, developed by Unwired Planet, preceding
WAP

HTML - Hypetext Makup Language, the language in which web pages ae
presently created.

HDTP - Handhdd Device Transgport Protocol, developed by Unwired Panet
preceding WAP

i-mode - NTT DoCoMa's Japanese Mobile Internet service.

IDO — Cdlular operator, usng the CDMAone sandard that has been merged with
other companiesinto KDDI, now one of the three cdlular operatorsin Japan

| S95 — Interim standard of the CDMA family and the basis for CDMAone
| M T-2000— The standard for the third generation mokbile phone system in Europe
| SP - Internet Service Provider. A company, that provides accessto the Internet.

ITTP — Intdligent Termind Trander Protocol, developed by FEricsson, preceding
WAP

Java - A high-levd objectoriented language, aowing applications to be written
once, run anywhere, whatever the platformis.
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J-Phone — One of the three large cellular operatorsin Jgpan in which Vodafone has
taken alarge equity stake.

KDDI — One of the three cdlular operators in Japan. KDDI is offering two mobile
savices, TU-KA and Au, with EZweb being the mobile Internet service that is
offered to Au customers.

M PS - Mohbile Positioning System.  Positioning system used in the GSM networks for
locating a mobile subscriber.

M M L — Mobile Markup Language used by J-Phone, one of the three cdllular
operatorsin Jgpan, in its mobile Internet sarvice- J Skywalker

NI S— Nationd Innovation System

NTT DoCoMo — The largest cdlular operator in Japan, Hill member of the NTT
Group that maintains a mgority equity stakein NTT DoCoMo.

PDC - Persond Digitd Communicaions. The digital wireess transmisson sandard
used for Japanese mobile phones. Transmisson speed is same asfor GSM, but he
gandard is only used by Japanese operators inside Jepan.

PH S— Persond Handy Systemn is amobile micro cdl system, developed in Japan,
with much higher transmisson speed than PDC

Portal - A website, which uses awide range of content, services and vendor linksto
attract a high degree of traffic.

RTD — Research and Technologica Development

SMS - Short Message Sarvice. Method within the GSM-teephony for sending short
messages from and to mobile phones.

TDMA - Time Divison Multiple Access A digitd interface technology used in
cdlular, PCS and ESMR netwaks. TDMA works by dividing aradio frequency into
time dots and then dlocating dotsto multiple cdls. In thisway, a single frequency
can support multiple, smultaneoudy data channds.

TTML - Tagged Text Markup Language, developed by Nokia, Smilar to HDML
developed by Unwired Planet

UMTS - Universal Mobile Communications Sysem. The third generation mobile
phone system.

UP — Unwired Planet changed its name to Phone.com at the Initid Public Offering
(10P) in 1999 and was later on merged with a smilarly Szed company Software.com
to become Openwave that is now offering M-services.
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Visual Phone - A codlula phone with a digitd camera cgpable of sending and

receiving sngp shots, firgt introduced by J-Phone in the autumn of 2001.
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W3C - The World Wide Web Consortium (W3C) develops interoperable technologies
(specifications, guiddines, software, and tools) to lead the Web to its full potentid as
aforum for information, commerce, communication, and collective undersanding.

WCDMA - Wideband Code Divison Multiple Access One form of multiple access
in the wirdess communication fidd. The badc technology does not differ from
CDMA, but WCDMA uses broader frequency bandwidth waves.

W-LAN — Wirdess Locd Area Network, commonly used in offices n the US, is seen
& an infredructure tha has the potentiad to compete with 3G networks by offering
loca access users of mobile devices.

WML - Wirdess Mark-up Language. The language, a browsing language smilar to
Internet HTML is pat of the wirdess goplicaion protocol governing the ddivery and
display on mobile phones.

XML - extensble Mark-up Language. A next generdtion markup languege of which
WML isasubset.
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