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Summary

The electronic communication industry is a dynamic industry characterized by a high rate
of technological innovation and by a high rate of government regulatory intervention.
Two major trends are observed in this industry, the Fixed-Mobile Convergence (FMC)
and in the case of wireless communication the development towards a fourth generation
(4G) network. The relatively new technology WiMAX will have an important
complementary role in such Next Generation Networks (NGN). WiMAX is a wireless
broadband technology based on an international standard of the Institute of Electrical and
Electronics Engineers (IEEE). The success of WIMAX in being adopted in the industry is
strongly promoted by the WiMAX Forum. Numerous powerful global industry players
and members of the WiMAX Forum, such as Intel, Motorola, Samsung, British Telecom
and many others, are fiercely driving the industry development towards an adoption of
WiMAX. For the success of WiMAX, it is now important that on a global level
commercial WiMAX networks are or will become available.

It is crucial in the WiMAX case that significant WiMAX equipment sales volumes are
reached and the cost structure of a WiMAX network deployment is low in order to
become adopted by the mass market. There is a strong interdependent relation between
price and volume. A decreasing price causes a rise in demand and volumes to increase.
The increased volume causes the price to decrease since economy of scale benefits can be
obtained. Consequently, the further decreasing price causes volumes to increase. To
stimulate volume growth the venture capitalist Intel Capital, a subsidiary of Intel, for
example, is actively investing in network operators to support their WiMAX network
deployment plans. An important example is the US$ 600 million investment in US
operator Clearwire to deploy a WiMAX network. In the Netherlands, the WiMAX
entrepreneur Enertel/WorldMax is cooperating with Intel Capital to deploy a mobile
WiMAX network.

It is clear that WiMAX chip manufacturers and equipment manufacturers want to
increase the sales volume in order to make profit, but what are the opportunities of
WiMAX for network operators. This question leads us to the main research question of
this report, which is formulated as:

What are the opportunities of WiMAX for operators in the Dutch electronic
communication industry based on the WiMAX experiences of Japanese operators?

This research question has been divided into the following three sub questions:

1. What are the advantages and disadvantages of WiMAX compared to other
communication technologies?

2. What are the key issues of WiMAX for operators in the Netherlands?

3. What are the experiences and deployment strategies of WiMAX of operators in
Japan?
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1. What are the advantages and disadvantages of WiMAX compared to other
communication technologies?
There are two WiMAX variants, fixed and mobile, based on two different standards.
They both should be compared with different technologies. Fixed WiMAX could be
compared with DSL or cable and mobile WIMAX with wireless 3G/3.5G technologies
Fixed WiMAX serves fixed wireless applications and does not support movement. The
connection to the network cannot be maintained when moving from one place to the other.
In other words, no hand-overs between network cells are supported. Mobile WiMAX
does support these hand-overs, but the moving speed cannot exceed 120 km/h. Mobile
WiMAX can be used for both mobile and fixed applications.

WiMAX has three main deployment scenarios; wireless access for fixed or mobile
applications, backhaul for WiFi hotspots or cellular networks and metropolitan area
networks. The last deployment scenario is a wireless network with a large coverage area
creating ‘hot-zones’ in opposition to ‘hot-spots’ that are local networks covering a small
area.

The main advantages of WiMAX are the following. The spectral efficiency and
throughput performance of WiMAX compared with other wireless technologies like
HSDPA is significant. The cost-efficiency of WiMAX network deployments is another
important advantage. In general, less base stations are needed for the deployment due to
the spectral efficiency and throughput performance. However, it is important that the
price of the WiIMAX equipment, including the CPEs, will decrease. Additionally, the
high costs of trenching when rolling out a wired line network, such as DSL and cable, is
avoided, because WiMAX is wireless. The various levels of quality of service (QoS) and
the support of the IP protocol are two other attractive advantages of WiMAX. One of the
most important advantages of WiMAX is the fact that WiMAX is based on a truly
international standard and that an international forum, the WiMAX Forum, is strongly
driving the development path.

The disadvantages of WiMAX are the immaturity of the technology and the limited
product availability of mostly mobile WiMAX. There are insecurities about the full
mobility capabilities of mobile WiMAX and the battery capacity for the mobile WIMAX
handsets is an issue. The immaturity of WiMAX will also cause operational difficulties
when deploying a network.

2. What are the key issues of WiMAX for operators in the Netherlands?
The broadband environment in the Netherlands is extremely unfavorable for fixed
WiMAX deployments. The extremely high rate of broadband penetration and the
demographics of the Netherlands make it difficult for fixed WiMAX to get a significant
market share. The Dutch ‘rural’ areas are widely spread. This makes a WiMAX
deployment that can serve these underserved broadband areas very expensive and
therefore very unlikely.

However, at the moment two Dutch operators are offering fixed WiMAX services in the
Netherlands. WiMAX entrepreneur Enertel Wireless, who is now cooperating with Intel
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Capital under the name WorldMax, was the first to deploy a fixed pre-WiMAX network
in the five major Dutch cities Amsterdam, Den Haag, Eindhoven, Rotterdam and Utrecht.
WorldMax’s new strategy focuses on mobile WiMAX, but it does not have a license for
it yet. Currently, WorldMax holds the only license in the 3.5 GHz band for fixed wireless
broadband applications in the Netherlands. This license is valid until 2015.

The other operator is Casema, a Dutch cable operator. Casema holds the only license in
the 2.6 GHz band for fixed wireless broadband applications. This license is valid until
2008. However, its fixed WiMAX network is not as widely available as
Enertel/WorldMax is. This network is also pre-WiMAX network. This means that it is
not a certified network, which is interoperable with other WiMAX networks. At the
moment, there are no certified WiMAX products available for 2.6 GHz frequencies; only
for 3.5 GHz frequencies products are available. Casema’s future strategy focuses also on
mobile WiMAX. However, there are no licenses available for mobile WiMAX yet.

The regulatory environment of the Netherlands shows a very promising future for mobile
wireless broadband applications. An enormous amount of spectrum in the 3.4-3.8 GHz
bands will most probably become available. However, it will only be available earliest in
the first half of 2008. The availability of certified mobile WiMAX handsets is expected to
be in the first half of 2007, but these products are specified for the 2.3 GHz and 2.5 GHz
bands. It is uncertain when certified mobile WiMAX products for the 3.5 GHz band will
reach the market. However, they should certainly be available by 2008, possibly around
the same time as the appropriate licenses will become available.

A crucial issue in the Netherlands for operators, that want to deploy a mobile WiMAX
network, is acquiring sufficient sites for WiMAX base stations. This is an issue for any
wireless or cellular network in the Netherlands, because of the strong opposition to these
placements by lobbyist groups and local governments and because of the current presence
of several other wireless networks. The acquisition of sites will be a challenging task,
especially for operators without a wireless networks, and the operator needs to have a
solid strategy for this.

What are the experiences and deployment strategies of WiMAX of operators in Japan?
The Japanese electronic communication industry is dominated by three large industry
groups, NTT Docomo, KDDI and Softbank, and can be characterized as a competitive
oligopolistic industry. The Japanese Ministry of Internal Affairs and Communication
(MIC) has a strong guiding role in the development path of the industry. The government,
the industry and the research institutions cooperate closely.

The Japanese electronic communication industry is interested in mobile WiMAX. Fixed
WiMAX is not considered to be feasible in Japan, because of the high DSL penetration
rate and the strong growth of the FTTH penetration rate. Additionally, the large majority
of the population is located in the southern coastal area roughly between Tokyo and
Fukuoka and has access to high speed and cheap fixed broadband (one of the cheapest
and fastest globally). The remaining minority of the population living in the mountainous
inland area of Japan do not seem to provide a feasible business case for fixed WiMAX.
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Yozan is deploying a large-scale fixed pre-WiMAX network in Tokyo. The rollout of the
fixed pre-WiMAX network is lagging behind schedule mainly because of operational
issues. The momentum for fixed WiMAX seems to be lost and the attention has moved to
mobile WiMAX.

NTT Docomo, KDDI and Softbank are all actively researching the possibilities of mobile
WiMAX. The operator groups have large in-house R&D centers for wireless technology
research. Yokosuka Research Park (YRP) is a wireless technology R&D center of the
National Institute for Information and Communication Technology (NICT), which is a
government ‘owned’ research institute. YRP houses one of the largest R&D centers in the
world for 3G and future 4G technologies. Japanese cellular operators, such as NTT
Docomo and KDDI, play a leading role in these research and development activities. In
contrast with Dutch cellular operators, which are much less involved in R&D activities.

The cellular market in Japan is very well developed with millions of users and high
APPUs. The 3G networks are facing congestion problems. This drives the industry to
actively research new technologies to solve this problem. WiMAX fits well into this
context. Additionally, the operators want to improve the cost per bit ratio of their mobile
broadband services for the end-users. The goal of the WiMAX trials is to evaluate the
performance capabilities of mobile WiMAX and to understand how mobile WiMAX can
fit into their existing networks and service portfolio. Mobile WiMAX will have a
complementary role in Japan as an overlay network and no nation-wide independent
mobile WIMAX networks are expected in Japan.

A critical issue in Japan is the spectrum availability for mobile WIMAX. An amount of
95 MHz of spectrum in the 2.5 GHz band will most probably be secured for mobile BWA
applications. There will be three or possibly even four licenses available in the middle of
2007 following the final decision of the Ministry Council of the Ministry of Internal
Affairs and Communication (MIC). This will be a crucial moment for the future of
mobile WiMAX in Japan. The limited availability of licenses and strong presence of the
three industry groups will make it difficult for new entrants to enter the market.

It is expected that NTT Docomo and KDDI will get a license for mobile WiMAX
deployments. Another license most probably will go to Willcom, which is developing a
mobile wireless broadband system named Next Generation PHS. In the case of a fourth

license, it is expected that Softbank will obtain this license. Other operators, as Yozan
and ACCA Networks, can operate as MVNOs in order to offer WiMAX services.

The competitive oligopolistic rivalry, the vertical-integrate structure of the industry and

the limited availability of licenses determine the mobile WiMAX development path in the
electronic communication industry in Japan.
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What are the opportunities of WiMAX for operators in the Dutch electronic
communication industry based on the WiMAX experiences of Japanese operators?

The opportunity of WiMAX in the Netherlands is limited. Mobile WiMAX offers the
most opportunities, especially for wired line operators. They can extend their services
with the mobile wireless end by using WiMAX. Operators should be aware of the
insecurities that surround full mobility WiMAX. However, mobile WiMAX can be used
for not only mobile applications, but also fixed applications.

There is no need for cellular operators to get involved in WiMAX. However, on the long
run if their 3.5G networks will be congested and if they want to improve the cost per bit
ratio they should consider WiMAX. Any operator, who is actively upgrading its network
to an all IP network, should definitely consider WiMAX for the future. WiMAX fits well
into the development towards 4G networks. When WiMAX equipment sales volumes
increase and equipment costs decrease, WiIMAX will become an even more interesting
opportunity for operators in the Netherlands.
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1. Introduction

This chapter presents the design of the research project, working from a brief introduction
of the background and the problem exploration to the problem definition. The research
objective and questions are formulated and the used methods to solve these are presented.

1.1. Background

More than two decades ago, the electronic communication markets of most countries
were dominated by the national PTTs and these markets were characterized as being
extremely static. Today, this has completely changed and most markets are dominated by
several competitive entities and are extremely dynamic (Steinbock 2003).

What has caused these significant and continuing changes is referred to as the telecom
reform process. The purpose of this reform has essentially a threefold of objectives. The
reform process is intended to increase customers’ choice, lower the price of the service
and improve the quality of the service (Lemstra 2005).

The telecom reform process consists of three dimensions: liberalization of the market,
privatization of state-owned monopolies and the design of a new regulatory framework
(Ubacht 2005)

This liberalization of telecom markets was done for several reasons, including the
following five factors. First increasing evidence existed that liberalized markets were able
to grow and innovate faster and provide better services for customers than non-liberalized
markets. Secondly, in order to expand and upgrade the electronic communication
networks and to introduce new services private sector capital should be attracted. Thirdly,
technological innovation stimulated the growth of mobile and wireless services, which
provided alternatives to the fixed networks. Fourthly, the growth of the Internet led to the
introduction of many new operators. Finally the trend of globalization in the telecom
market motivated the liberalization (Intven and Tétrault 2000).

The successful transformation of monopolistic electronic communication markets into
competitive markets calls for regulatory interventions. This is required for a variety of
reasons. In general, regulators must authorize new operators. They have to remove
barriers for new operators to enter the market. They have to supervise interconnection of
new entrants with incumbent operators. Regulatory intervention may also possibly be
needed to ensure that competitive markets do not refuse to serve high cost areas or low-
income subscribers. This is generally referred to as providing universal service.

Therefore and for many other reasons, a new regulatory framework had to be designed.
This framework needs to be adjusted constantly according to the changing market
situation. Some crucial aspects of this new regulatory design were the reform of the
electronic communication law and the creation of sector specific national regulatory
authorities (NRA).



Fixed Mobile Convergence

A trend in the communications industry is Fixed Mobile Convergence (FMC). The
European Telecommunications Standards Institute (ETSI) states that FMC is concerned
with the provision of network capabilities that are independent of the access technique.
This does not imply the physical convergence of networks. It is concerned with the
development of converged network architecture and supporting standards. This set of
standards may be used to offer fixed, mobile or hybrid services. The aim is to provide
these services with a single device, which can switch between the networks ad hoc. The
wireless broadband technology WiMAX could take an important role in this development
towards convergence by functioning as a bridge between fixed and mobile networks.

The situation as described above merely touches some of the issues and complexities of
the total telecom reform process and the FMC development. In this context, it serves as
the background against which the exploration of the forthcoming problem is set.

1.2. Problem exploration

The major importance of information and communication technologies for the economies
in the OECD countries is a well known fact (OECD 2003). Also in the European Union
the ICT industry is a powerful driver of economic growth and employment. A quarter of
its GDP growth and 40% of productivity growth are due to ICT.

The following statement of the European Commission (2004, p.22) explicitly highlights
the importance of an ICT strategy for creating future economic growth: ‘In order to
ensure future economic growth, the EU needs a comprehensive and holistic strategy to
spur on the growth of the ICT sector and the diffusion of ICT in all parts of the economy’.
This comprehensive strategy starts with a well-defined and clear policy on ICT. At the
highest level the European Union is developing this ICT policy. A subsection of this ICT
policy is concerned with a policy on broadband. Each EU member state formulates its
own ICT policy and thereby its own policy on broadband in accordance with the EU
policy. The Netherlands also has a broadband policy in line with the EU policy on
broadband.

As mentioned in the Broadband paper (Ministry of Economic Affairs 2004), also in the
Netherlands the ICT industry is extremely important for economic growth. The fastest
growing sector within the whole ICT sector appears to be the broadband sector. The
broadband ambition of the Dutch government is to have a top position in Europe and the
world by 2010. According to statistics of the OECD on broadband penetration, this
ambition has already turned into a reality; the Netherlands currently has the second
highest broadband penetration rate in the world. It is important now to maintain or even
improve this position, because other countries are catching up (Figure 1).
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Figure 1. Broadband penetration in OECD countries
Source: OECD, 2005

The most widely used broadband technologies are the fixed broadband technologies, DSL
and cable. Wireless broadband technologies are increasingly becoming popular. The
wireless broadband technology Wi-Fi is clearly showing the great potential of these
wireless technologies.

Another wireless technology with great potential is WIMAX (Worldwide Interoperability
for Microwave Access). In the past years a lot of attention is directed towards this
relatively new wireless technology and one could say that even a WiMAX-hype has been
created. One hears that a WIMAX base station can create coverage of up to 50 km,
deliver 70 Mbit/s, will work in unlicensed and licensed frequencies, can deliver non-line-
of-sight (NLOS) through trees and buildings and will support mobility. The more than
100 trials or pre-standard deployments of fixed WiMAX in the world and the more than
350 members of the WiMAX Forum clearly show the popularity of WiMAX.'

Development towards 4G

The above indicates the rapid technological development of the dynamic electronic
communication industry. Network operators are developing their current networks
towards Next Generation Networks (NGN) integrating various broadband and cellular
technologies. The concept of fourth generation networks (4G) has a central place in the
wireless and cellular environment. What 4G exactly is, is a matter of debate. It is difficult
to predict accurately what system and services will be provided in the future. Japan is one
of the leading countries in deploying this next generation of broadband wireless
technologies. Figure 2 shows the different technologies developing towards 4G. It is
important to understand that no single technology can provide the consumer with all its

' The WiMAX Forum is an industry-led, non-profit corporation formed to promote and certify compatibility and interoperability of
broadband wireless products.



application needs, but that an integration of cellular and wireless systems can
complement each other in order to fulfill these service needs. The shortcomings of each
individual technology can be complemented with the advantages of other technologies.
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Figure 2. Next Generation Network
Source: Pareek, 2006

Wireless Local Area Networks (LAN) have great potential in their environments. It offers
a high bit rate on a short distance of around 100 meters and is relatively cheap to use.
Wired networks have dramatically improved and are able to offer extremely high bit rates
of many Gbit/s, because of better switching and routing techniques. The biggest
advantage of cellular systems is the ability of supporting full mobility. Although the third
generation of cellular technologies has significantly increased the bit rate of these
systems, the rate is still relatively low.

The existing investments in WLAN and 3G technologies have a major impact on the
development path of the NGNs. Taking this into consideration, the NGNs will more than
likely converge and integrate architectural, network and application levels of these
cellular and wireless systems instead of deploying a completely new network system. In
order to deal efficiently with the traffic the NGNs need to be all IP-based.

The position of the wireless broadband technology WiMAX in these NGNs is being
determined nowadays. Many service providers, network operators, equipment
manufacturers and chipmakers are researching the capabilities of WiMAX and are
deploying WiMAX (trial) networks in order to understand what the opportunities of
WiMAX in the electronic communication industry are and how WiMAX could exactly fit
into the development towards the next generation network.



1.2.1. Problem owner

The problem owner of this research is the network operator in the Dutch electronic
communication industry, who is interested or involved in WiMAX. The problem owner is
interested in what the opportunities of WiMAX are in the Dutch electronic
communication industry. The industry’s value chain (§ 3.3) distinguishes service
providers and network operators, but often these roles are performed by the same actor.
The problem owner of this research is considered to be such actor, taking both the role of
service provider and network operator.

To support the Dutch operator in understanding the opportunities of WiMAX in the
Netherlands, the Japanese electronic communication industry and especially the role of
WiMAX has been analyzed. The decision to focus on Japan was made for several reasons.
When this research project started promising news was released on a WiMAX network
deployment in the Tokyo area.” The scale of the planned deployment of 3000 base
stations was impressive and it was one of the first commercial WiMAX deployments of
such size globally. Additionally, Japan is known for its advanced electronic
communication industry and the fast uptake of new communication technologies. Japan’s
world leading efforts in deploying the next generation of broadband wireless networks is
especially important in this. Therefore, it is expected that the Dutch operator could
benefit from the knowledge and experience on WiMAX of Japanese operators.

WiMAX in the Netherlands

When the research project started the involvement in WiMAX by Dutch operators was
quite limited and only one operator was active. This was Enertel, a Dutch data and
telecommunications operator for the business market.’ It has deployed a fixed pre-
WiIMAX network for the business consumer in the cities Rotterdam, Amsterdam, The
Hague, Utrecht and Eindhoven.

During the research, the dynamics of the electronic communication industry became
apparent. Another operator Casema showed interest in WiMAX by acquiring a license for
wireless broadband.

WiMAX in Japan

In opposition to the Netherlands, Japan is more actively involved in WiMAX. Japanese
operators are deploying WiMAX networks on a larger scale. A good example is early
mover Yozan Inc. It has planned to deploy the first pre-WiMAX network in Japan in
cooperation with equipment manufacturer Airspan and it should have been available
since Dec 2005. This Tokyo-wide Yozan Metrozone will deliver high-speed IP
connectivity and will support services like voice, video and broadband data.*

2 Airspan and Yozan Announce Expansion of Japan’s first WiMAX Network, Combined WiMAX and Wi-Fi solution will deliver self-
installable voice, video and data services, Press release Mar 11, 2005

? Enertel is currently operating under the name WorldMAX after its cooperation with Intel Capital, a
subsidiary of Intel Corporation.

* Airspan and Yozan Announce Expansion of Japan’s first WiMAX Network, Combined WiMAX and Wi-
Fi solution will deliver self-installable voice, video and data services, Press release Mar 11, 2005



This large-scale deployment of 3000 base stations can provide valuable experiences for
Dutch operators interested in WiMAX.

Another example is Tokyo based communication carrier Heisei Denden. It has announced
to deploy a nation wide WiMAX/Wifi network. This will offer connection speeds of
around 75Mbps and cover 80 percent of Japan's population by the end of 2007. However,
while executing the research in Japan it became apparent that Heisei Denden is near to
bankruptcy. This makes a large investment in a nation-wide WiMAX network very
unlikely.

Currently, the most important actors actively involved in WiMAX are the cellular
operators. All the three major cellular operators NTT Docomo, KDDI and Softbank
Mobile have research programs and deployment plans with WiMAX.

1.3. Project description

Resulting from the problem exploration, the problem definition, the research objective
and the research questions are formulated in this section.

1.3.1. Problem definition

The electronic communication industry is developing towards a new industry state by
moving to a next generation all IP based network, which integrates and converges fixed,
wireless and cellular technologies. The wireless broadband technology WiMAX could
play an important role in this development.

In the Netherlands, the experience of the operators with WiMAX is limited and therefore
it is difficult to understand the opportunities of WiMAX in the Dutch electronic
communication industry. For example, the Dutch operators have not actively deployed
small WiMAX trial networks to analyze its capabilities and to understand its advantages
and disadvantages in comparison with other technologies.

In helping to understand the opportunities of WiMAX in the Netherlands, the WiMAX
experiences in Japan could provide valuable lessons and knowledge. Japan is one of the
world leading nations in researching and deploying the next generation of broadband
wireless networks including WiMAX. Therefore, this research will analyze the
experiences and strategies of Japanese operators with WiMAX. It is expected that Dutch
operators can be benefit from this. It should be noted that it is important to take the
different contexts of the Netherlands and Japan into account in order to avoid
misinterpretations.

1.3.2. Research objective

Given this definition, the research objective can be formulated. The objective of this
research project is:

Given the development of the electronic communication industry towards Next
Generation Networks and the promising position WiMAX can have in this and given
the current limited WiMAX experience in the Netherlands, the objective is to obtain
an understanding of what the opportunities of WiMAX are for Dutch operators based
on the WiMAX experiences of Japanese operators.




1.3.3. Research questions

Based on this research objective the main research question and the accompanying sub
questions are formulated. The research questions show the existing gap in knowledge
between the problem and meeting the objective (Verschuren and Doorewaard 2000).

Main question:
What are the opportunities of WiMAX for operators in the Dutch electronic
communication industry based on the WiMAX experiences of Japanese operators?

Sub questions:

1. What are the advantages and disadvantages of WiMAX compared to other
communication technologies?

2. What are the key issues of WiMAX for operators in the Netherlands?

3. What are the experiences and deployment strategies of WiMAX of operators in
Japan?

1.3.4. Delineation of the research area

The problem owner is the operator in the Dutch electronic communication industry.
Therefore, only the WiMAX opportunities for operators will be examined and not the
WIiMAX opportunities for other industry actors like equipment manufacturers or
chipmakers. The problem owner could have a dual role of both service provider and
network operator. My experience during this research showed me that operators involved
with WiMAX in Japan and the Netherlands were performing both of these roles.
Therefore, a clear distinction between them is not being made in this report.

The geographic focus is on the Netherlands and Japan. The socio-economic background
of the Netherlands is expected to be known since this report is mainly written for a Dutch
audience. Therefore, in Chapter 4 on the Netherlands this background is not being
discussed in opposition to Chapter 5, which does discuss the socio-economic background
of Japan in terms of government intervention and industry structure. Chapter 5 on the
Japanese situation has been most thoroughly researched in this report.

The decision to focus on the Netherlands and Japan is based on several reasons. The
Netherlands was chosen, because of my background as a researcher is Dutch. My
presence in the Netherlands makes it easy to access relevant information and to arrange
interviews with industry specialists in order to understand better the Dutch electronic
communication industry. Japan was chosen, because of their world leading position in the
deployment of next generation broadband wireless networks. The early involvement of
some Japanese operators and research centers with WiMAX provide the opportunity to
learn from their WiMAX experiences. The large-scale WiMAX deployment plans of
Japanese operators Yozan served as an initial lead.

A second reason for this choice is my previous experience in Japan. I had lived and
studied before in Japan and was therefore familiar with the country and its culture. This
understanding positively supported the execution of my field research in Japan.



Additionally, a few simple similarities can be found between the Netherlands and Japan.
Both countries have a very high population density, a high GDP of almost equal level and
a high broadband penetration rate.

In any infrastructure related industry both the network infrastructure side and the
service/content side are crucial for the industry to function. The focus of this research is
on the network side and not on the service/content side for WiMAX in the Netherlands
and Japan. However, the application areas of WiMAX in the Netherlands and Japan are
fundamental to understand and therefore are being discussed.

1.4. Research approach and methods

The research questions have been formulated and the next step is to specify how these
questions are going to be solved. In order to answer these questions research methods
such as literature study, desk research and interviews are used.

The literature study is conducted in order to formulate the theoretical framework. This
report discusses the structure of the electronic communication industry, the development
of the industry and the strategic opportunities of the new technology WiMAX in this
industry. Therefore, Industrial Organization (I0) theory and strategic management theory
have been analyzed.

The first research question on the wireless broadband technology WiMAX has been
addressed based on desk research. The objective is to give a thorough overview of what
WiMAX is, who its supporters are, what the regulation issues are and what the
advantages and disadvantages in comparison to other technologies are. This should lead
to a better understanding of what the possibilities of WiMAX are.

Desk research and interviews have been used to assess the second research question on
what the key issues concerning WiMAX for Dutch operators are. The assessment of the
key issues will be done first by desk research. Insight should be provided on the key
issues concerning WiMAX for operators in the Dutch electronic communication industry.
Additionally, interviews with industry specialist and the Dutch government have been
held. The parties have been interviewed CapGemini, Casema, DGET, Enertel and T-
Mobile. Chapter 4 on the Netherlands will present only a brief overview of the Dutch
electronic communication industry, its external environment and the actors, who are
active with WiMAX.

The research approach and methods used in answering the third research question on the
WiMAX experiences of operators in Japan are the same as have been used for previous
research question on the Netherlands. The opportunity to execute the research on
WiMAX in Japan was given by the Office for Science and Technology of the Royal
Netherlands Embassy in Japan. In cooperation with Professor S. Naoe from Chuo
University, Tokyo the Japanese electronic communication industry and the role of
WiMAX has been analyzed. The extensive personal network and kindness of Professor
Naoe made it possible to execute the many interviews with the industry specialists of
WiMAX in Japan. On site interviews have been held with Chuo University, KDDI, the



Japanese ministry MIC, NTT Docomo, Ric Telecom, Sophia University, Willcom and
Yozan. The interview methodology will be explained below. The Japanese situation is
more thoroughly researched than the Dutch situation.

1.4.1. Survey method

Three type of survey methods can be distinguished the personal interview, the telephone
interview and the mail interview. For this research, the personal interview has been
selected, because of the importance of obtaining detailed information and to control the
direction of the interview situation. This is best achieved by using a personal interview
(Frankfort-Nachmias and Nachmias 1992). The personal interview is a face-to-face
interpersonal role situation in which an interviewer asks respondents questions designed
to obtain answers relevant to the research questions or hypotheses. There are three types
of personal interviews, namely the schedule-structured interview, the focused interview
and the non-directive interview. For this research, the focused interview has been selected,
because of the need for certain flexibility between the interviews according to the
relevance of the questions for certain respondents.

The general interview protocol, which has been used for the personal interviews in the
Netherlands and Japan, can be found in Appendix A. This protocol is based on the causal
diagram identifying the relevant factors concerning WiMAX (Appendix B). By designing
this causal diagram a structured understanding of the relevant issues concerning WiMAX
is obtained. This structured understanding supports the design of the interview protocol.
The results of the interviews are the source of information for the Chapters 4, 5 and 6.
The results of all the interviews can be found in a separate document: the Interview
Appendix.

The questions of the interview protocol correspond to a factor or group of factors of the
causal diagram. The interview protocol is not a static protocol, but has been adjusted
during the interview process according to the need or relevance of the questions. The
protocol consists of some more or less redundant questions. This was done deliberately in
order to obtain balanced information of the respondent. The part of the interview protocol
on the ‘Dutch/Japanese context’ is based on a PEST analysis structure. This PEST
analysis is an integral part of the theoretic framework of this research (§ 2.2.1 and §
2.3.2).

The frame ‘Technological capabilities’ of the causal diagram (Appendix B) corresponds
with question 2 and 3 of the interview protocol (Appendix A). The respondent is asked
for his opinion on the technological capabilities of WiMAX. The factor ‘Degree of
competition other technologies’ is the basis for questions 1, 5, 22, and 23 of the protocol.
In number of different ways the respondent is asked to identify the competitive
environment of WiMAX. The factors ‘Expected revenue’ and ‘ARPU’ correspond to the
questions 20 and 21. Unfortunately, often these questions were not answered satisfactory,
because of the premature state of WiMAX deployments or confidential nature of the
information. The frame ‘Regulatory environment’ directly corresponds with question 8.
The information obtained mostly focused on spectrum management and availability. For
a more thorough analysis of the regulatory environment in the Netherlands and Japan,



interviews have been executed with the relevant governmental institutions: the Dutch
Directorate General of Energy and Telecommunications and the Japanese Directorate
General of Radio Department. The interview protocol was adjusted completely for these
interviews in order to obtain the most relevant information. The factor ‘Expected number
of customers’ corresponds with the market questions 15, 16, 17 and 18. It is interesting to
note that most operators did not have a clear objective on this. Only sometimes very
vague estimations were provided.

In case of Enertel/WorldMax, Casema and Yozan, who actually deployed WiMAX
networks, investment questions were asked corresponding to the factor ‘Cost of
deployment’. However, because of the confidential nature of this information it kept a
secret.

1.5. Structure of the report

The structure of the report is presented in Table 1. The chapters are associated with a
research question and/or a research method.

Table 1. Structure of report

Chapter Research question Research Method

1. Introduction
2. Theoretic framework
3. WiMAX

Literature study
Desk research

What are the advantages and disadvantages of
WiMAX compared to other communication
technologies?

4. WiMAX in the Netherlands

What are the key issues concerning WiMAX for
Dutch operators?

Desk research and
interviews

5. The Japanese electronic communication
industry and WiMAX

What are the experiences and deployment strategies
of WiMAX of operators in Japan?

Desk research and
interviews

6. Conclusion and recommendations

What are the opportunities of WiMAX for operators

in the Dutch electronic communication industry
based on the WiMAX experiences of Japanese
operators?

7. Reflection
References
Annex

Chapter 1 consists of the description of the background, the problem exploration, the
problem definition and the research objective, questions and methods.

Chapter 2 describes the theoretical framework, which serves as the theoretical basis of
this research project.

Chapter 3 describes the WiMAX technology by addressing the standard, the WiMAX
Forum, deployment scenarios, costs and performance analysis.

Chapter 4 addresses the key WiMAX issues for the Dutch operators.

Chapter 5 examines the WiMAX experiences of Japanese operators

Chapter 6 is the final chapter and presents the conclusions and the recommendations of
this research.

Chapter 7 is a reflection on the used framework of analysis and the theory.
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2. Theoretic framework

This chapter will outline a theoretic framework that will be used as the basis of this
research report. In order to construct this framework I first started with an exploration of
the available and relevant literature to find a suitable theory or theories to address the
research objective and questions, formulated in the previous chapter.

2.1. Exploration of theory

I started with examining the Industrial Organization (I10) theory to describe the electronic
communication industry by using the Structure-Performance-Conduct paradigm. It
became clear however that the traditional IO model is based on a static industry (Sampler
1998). The topic of this research report, being the electronic communication industry and
WiMAX, asks for a more dynamic model approach. According to Waldman and Jensen,
‘dynamic models are strategic and tend to emphasize technological change more than
static models do’ (2001, p.9). The nature of the electronic communication industry is
highly regulated and characterized by rapid technology development and this therefore
has reduced the utility of the tradition IO model for this research project.

I then shifted my attention to the Strategic Management theory in order to find a more
dynamic approach of analyzing an industry.

21.1. Strategic Management theory

The Strategic Management theory showed me the well-known strategist Porter and his
Five Forces model (1980). It can be observed that Porter’s model is based on the
Industrial Organization theory. In this model, Porter presents a structural analysis of
industries by specifying five forces, which constitute the elements of an industry structure.
The forces are the following: the entry of new competitors, the threat of substitutes, the
bargaining power of buyers, the bargaining power of suppliers and the rivalry among
existing competitors. These five forces determine the profitability of the industry,
because they influence the prices, costs and required investment of firms in an industry.
Porter argues that ‘two main questions underlie the choice of competitive strategy’. First
managers must select a competitive domain with attractive characteristics and second
they must position the firm in regard to the five competitive forces encountered (De Wit
and Meyer 2004).

The model can be determined as an outside-in approach, where the direct industry
environment is analyzed in order to create a competitive advantage for a firm. This
contrasts with the resource-based view, which has become to dominate in the field of
strategic management (De Wit and Meyer 2004). The resource-based view can be
determined as an inside-out approach, which explores the internal resources that are
characteristic for a firm as the base of superior performance (Barney 1991).

The classical Five Forces model of Porter can be used to analyze the current state of the
structure of an industry by focusing on the supplier and buyers, the substitutes and new
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entrants and the rivalry among existing competitors. This model presents a static view of
the status quo of the industry.’

This outside-in approach of Porter’s Five Forces model puts an emphasis on the firm’s
industry environment With the exception of the ‘government policy’, that Porter
mentions as one of the possible entry barriers, there is barely attention for the broader
external environment. It can be argued that knowing just the industry environment is not
enough for determining a successful strategy and that knowing the external environment
or industry context is also essential (De Wit and Meyer 2004, p. 421).

Another useful approach to analyze the various actors in an industry, like the incumbent
rivals, suppliers and buyers, is represented by the concept of the ‘value network’. This
concept represents all the different important actors in an industry and the mutual
dependent relations between them. In a value network the actors, their roles and their way
of interaction change (Van de Kar 2004). In appendix C, the value network concept has
been used to describe the WIMAX industry.

21.2. Level of strategy

A strategy can be designed or executed on different levels within an organization and
these levels imply different strategic tools or theories. These levels are categorized in
three general groups within a corporation and an additional fourth category on a supra-
organizational level has been added. On every level the strategy needs to be internally
consistent and it must fit well with its environment. The levels of strategy are the
following:

Functional level strategy
Business level strategy
Corporate level strategy
Network level strategy

Since this research project is an industry wide analysis, the level of strategy on which the
focus will be is the network level strategy. On this level, various firms are cooperating to
create economic value. The number of firms making up such network can vary from two
organizations to thousands organizations. The network group must develop a strategy that
matches well with the demands of the relevant environment.

> However, since the formulation of this model the view of Porter on the nature of competition has changed
to a more dynamic focus. De Man, A. P. (1994). "1980, 1985, 1990: A Porter Exegesis." Scandinavian
Journal of Management 10(4): 437-450.
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2.2. External environment

As mentioned-above, in determining a successful strategy it is essential to know the
external environment as well as the industry environment, especially in the case of the
electronic communication industry. A well-known tool for this is the PEST analysis.

2.21. PEST analysis

In order to get a better insight into this external environment a PEST analysis can be
executed (Reve 1990). The Reve model consists of the following four factors:
political/regulatory, economical, socio-cultural and technological.

Typically, the PEST factors are viewed as having no direct connection with the
organization. However, in the electronic communication industry, regulatory and
technological factors have been the most influential factors causing the state of the
industry to change.

This analysis makes a scan of the external environment in order to understand which
aspects could have an impact on the industry and a firm’s strategy. These influences can
have a positive or negative effect.

Political/regulatory

Other important actors of the external environment are governments, political parties,
special interest groups, regulatory bodies and international institutions. This holds
especially true for the electronic communication industry.

Economic
These economic factors can influence the industry and its future development, for
example economic growth, labor productivity and changing exchange rates.

Socio-cultural

To this group individuals or organizations belong who can have a significant impact on
the industry environment, for example the media, community groups, charities, religious
organizations and opinion leaders.

Technological

To this group individuals or organizations belong who influence the development of the
industry environment, such as research institutes, universities, patent offices, government
agencies and standardization bodies.

The introduction of innovative technologies and communication standards are important
drivers of the direction path of an industry.
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2.3. Framework of analysis

Having examined the theory on the industry and external environment, the framework of
analysis of this research project will be presented. The dynamics of the electronic
communication industry ask for a dynamic approach. The industry development model
presented in Figure 3 is such a dynamic approach. The challenges are not in assessing the
advantages and disadvantages of the wireless technology WiMAX, but in anticipating
what WiMAX will become in the future.

The key issue here is how industry development takes place. Is the industry influenced by
an individual firm and in what way does the industry context drive particular types of
firm behavior? The issues concerning industry development can be categorized into four
groups; its dimensions, its drivers, its inhibitors and its direction or path (De Wit and
Meyer 2004). These are shown in Figure 3. The focus of this research report is mainly on
the drivers of industry development and partly on the dimensions of industry
development. For completeness, the other two issues, inhibitors and path, are briefly
presented.

Detarminants State Direction

Dimensions of
Industry
Development

Paths of Industry
Development

Inhibitors of
Industry
Development

Figure 3. The issues of industry development

2.3.1. Dimensions of industry development

Industry development, which Porter refers to as ‘industry evolution’, implies that the
structure of the industry changes. It has the following dimensions although there are more
dimensions imaginable:

Convergence-divergence

The industry moves towards convergence when the business models that the firms are
using are becoming more and more similar to each other. On the contrary, divergence
takes place when many firms are introducing various new business models.

Concentration-fragmentation

An industry becomes more concentrated when an increasing large share of the market is
owned by just a few organizations. In contrast, when the average market share of the
largest companies is decreasing the industry will become more fragmented.
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Vertical integration-fragmentation

The industry moves toward a vertically integrated structure when the firms are
increasingly involved in more value-adding activities in the industry column. Conversely,
when firms focus on their core business and bounce off value-adding activities then the
industry will become more vertically fragmented.

Horizontal integration-fragmentation

When the strict boundaries between different businesses, both in the intra- and inter-
industry domain, are increasingly degraded then the industry will become more
horizontally integrated. When the opposite happens then the industry will become more
horizontally fragmented.

International integration-fragmentation

International integration takes place when the international boundaries between the
different geographic areas are increasingly vaguer. In contrast, when the competition in
an industry is limited to a certain region then the industry is said to be international
fragmented.

Expansion-contraction

An industry is said to be expanding when the demand for its products and/or services is
continuously growing. When the demand is declining then an industry is moving towards
a contracted state.

2.3.2. Drivers of industry development

As can be seen in Figure 3 the state of the industry is determined by drivers and inhibitors
of industry development. Here the drivers will be further discussed. There are numerous
factors in the industry and external environment that may change the state and direction
of an industry. As discussed in paragraphs 2.1 and 2.2, it is suggested to combine an
analysis of the industry environment with an analysis of the external environment of an
industry. The change drivers of the industry environment of an industry are based on
Porter’s categorization and divided in suppliers, buyers, new entrants, substitutes and
incumbent rivals.

As proposed by Nalebuff and Bradenburger (1996) an additional change driver should be
added, namely the complementor. In industries that are characterized as highly capital
intensive and technology oriented, like the electronic communication industry, firms
would be better off to behave as complementor, because increasing the size of the market
would be more beneficial than competing over the shares of the market.

The change drivers of the external environment, based on the PEST model, are grouped
in political/regulatory, economic, socio-cultural and technological forces for change. The
combined model is shown in Figure 4. The substitutes and the complementors are
grouped together in one rectangle.
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Figure 4. The internal and external drivers of industry development

The yellow ovals represent the four different drivers of the external environment. The
little blue rectangles represent the five different drivers of the industry environment. The
grey arrows represent the mutual influence each driver on another internal or external
driver. The abundance of arrows shows the complexity and the dynamics of industry
development. It should be pointed out that change in the industry could be the result of an
individual driver or of a combination of several drivers together.

In Strategic Management theory a distinction can be made between the industry
leadership perspective and the industry dynamics perspective (De Wit and Meyer 2004).
If the main driver for change is an individual firm then this refers to the industry
leadership perspective. When the development of an industry is caused by the
combination of several change drivers then this refers to the industry dynamic perspective.

2.3.3. Inhibitors of industry development

The change drivers do not always change the state of the industry without opposition.
The change drivers can be prevented from changing the state of industry by factors
inhibiting industry development. In the following six of such inhibitors are briefly
discussed.

Underlying conditions

Some aspects of an industry are inherent to that industry. This prevents a certain change
in an industry to happen since the underlying conditions are fixed. For example, in the
airplane manufacturing industry economies of scale are essential.
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Industry integration
In some industries the interrelation between various elements of it are very strict making
it difficult to change the state of this industry.

Power structures

Powerful industry players who believe they are better of with the current state can also
inhibit change of the industry state. For example, the incumbent of an industry is
blocking the industry to move in a certain direction.

Risk averseness
A change is not always without a risk. Therefore, the more industry players are averse to
risk taking the more this will inhibit the industry from changing its state.

Industry recipes

‘An industry recipe is the cognitive map shared by industry incumbents about the
structure and demands of an industry’ (De Wit and Meyer 2004, p. 428)). Such recipe
formed by consensus of how the industry works can also prevent the industry from
changing to a different state.

Institutional pressures

Organizations can meet with fierce pressure from various institutions, like governments,
trade unions, pressure groups or consultants, dictating its activities. If organizations are
conforming to such pressure then this can inhibit an industry from changing.

Additionally, it should be noted that industry development is path dependent and
previous states of an industry determine the future possible or direction of the industry.

2.3.4. The path of industry development

The direction of the industry development can be of various natures. It can be
evolutionary or revolutionary, continuous or discontinuous. A useful and well-known tool
in determining the strategic path of industry development in case of the introduction of an
innovative technology in the market is the technology adoption life cycle. More
information can be found in appendix D.

2.4. International perspective

An extra dimension of the research project is its international context. It is important to
understand the differences in the external and industry environment between Japan and
the Netherlands. How does the Japanese electronic communication industry structure
differ from the Dutch industry structure? What are the differences in the interdependent
relations between the external environment and the industry environment of Japan and
the Netherlands. The grey relational arrows of Figure 4 might be very differently
constructed in Japan and the Netherlands.

The classical strategic management theory of Porter and Reve is originally designed for
an Anglo-Saxon or Western environment. Therefore, it is important to question if this
theory and the constructed framework of analysis is equally valid for the Japanese
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context. To what extent are they useful in the Japanese environment? These aspects will
be discussed in Chapter 7 at the end of the report, which presents a reflection of the
research project.

2.5. Conclusion

The model shown in Figure 4, which combines the five forces model and the PEST
model, is used in this report to analyze the external environment and industry
environment of the Dutch and Japanese electronic communication industry. The driving
forces of the external environment give this model a certain dynamics, but the model is
not a truly dynamic model. When analyzing the literature it appears that there is still a
lack of an industry dynamic model. Such model is much needed especially when
analyzing the electronic communication industry, because of its dynamic character in
terms of rapid technological development and changing regulations.

Nevertheless, the model of Figure 4 is used to analyze the Dutch and Japanese electronic
communication industry and the opportunities of WiMAX in this industry. In order to
understand what the position of WiMAX in the Dutch market can be, it is important to
understand the competitive environment of WiMAX and the regulatory possibilities for
WiMAX. With which technologies does WiMAX have to compete in the Netherlands
and is there spectrum available for WiMAX. These aspects are analyzed in a structured
way by using the model in order to understand the key isssues of WiMAX in the
Netherlands. In understanding the opportunities of WiMAX in the Netherlands it is
expected that the Japanese electronic communication industry and its advances in the
field of WiMAX can provide valuable lessons about its experiences and strategies with
WiMAX.

The same model of Figure 4 is used for the Japanese environment. It is used to analyze
the Japanese electronic communication industry structure, its external environment and
what the relations between the external environment and the industry environment are.
These relations are important to understand, because they could appear to be crucial for
the WiMAX opportunities in Japan. How is WiMAX being deployed in this context and
what lessons can be learned from this for the Dutch situation?
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3. WIMAX

In the previous Chapter 2, the framework of analysis has been presented. Before an
assessment of the markets in the Netherlands and Japan will be executed, first an in-depth
examination of what the wireless broadband technology WiMAX comprehends will be
done.

3.1. What is WiMAX?

The term WiMAX is used by the industry and the media in many different ways and there
seems to be some confusion in what WiMAX actually is. WiMAX stands for Worldwide
Interoperability for Microwave Access and it is neither a technology nor a standard. It is
rather a certification mark or stamp of approval of the WiMAX Forum. The WiMAX
Forum is an industry-led, non-profit corporation formed to promote and -certify
compatibility and interoperability of broadband wireless products such as IEEE 802.16
and HiperMAN.°The certification mark is given to equipment that meets specific
conformity and interoperability tests for the Institute of Electrical and Electronics
Engineers (IEEE) 802.16 family of standards.

In this respect, the term WIMAX and WiFI are analogous. WiFi is also not a standard or
technology, but rather a trade name that can be applied to a series of 802.11 IEEE
standards.

This incorrect usage of the terms WiMAX and IEEE 802.16 could cause problems,
because there is the possibility that equipment manufacturers make products, which are
based on the IEEE 802.16 standard, but are not certified under the WiMAX label.

In the context of this report, the term WiMAX refers to WiMAX certified equipment,
which is based on the IEEE 802.16 standards. When referred to WiMAX technologies it
implies the IEEE 802.16 standards that are the basis of the WiMAX certification.

Since July 1999 the 802.16 Working Group on Broadband Wireless Access (BWA) has
been developing several standards for Wireless Metropolitan Area Networks (WMAN)
with worldwide applicability. An overview (Figure 5) shows the various wireless network
standards and the position of the IEEE 802.16 standards within.

® WiMAX Forum available at www.WiMAXforum.org
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Figure 5. Wireless network standards
Source: Pareek, 2006

As can be seen from the figure, the technologies that are incorporated in the 802.16
standards are covering the two largest geographic areas, the wide are networks (WAN)
and metropolitan area networks (MAN). WANSs have traditionally been covered by two
wireless systems namely nation-wide mobile network systems and satellite systems. In
contrast, wireless systems have not found widespread adoption yet in the MAN coverage
area of 50 kilometers. On the local area network (LAN) and personal area network (PAN)
level several technologies have been successful. WLAN technologies, which underlie
WiFi, are delivering data over a range of 150 meters and Bluetooth’s technologies are
doing this for short ranges of several 10’s of meters (OECD 2005, p.7-18).

3.2. Standards

WiMAX is based on the IEEE 802.16 Wireless MAN air interface standard and on the
HiperMAN standard developed by the European Telecommunications Standards Institute
(ETSI). It originally covered the wireless local loop (WLL) technologies in the 10-66
GHz radio spectrum, which were later extended through amendment projects to include
both licensed and unlicensed spectra from 2-11 GHz.”

The first standard, IEEE 802.16-2001, was published in April 2002 and it addresses fixed
line-of-sight (LOS) connections for the last mile link in the 10-66 GHz frequency bands.
However, the IEEE 802.16, which allows non-line-of-sight (NLOS) connectivity,
received much more attention when the 802.16a standard for the 2-11 GHz band,
including certain license-exempt bands, was ratified in January 2003. This standard
positioned WiMAX as the possible dominant fixed wireless broadband technology.

7 http://www.ieee802.0rg/16/
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3.21. |IEEE 802.16-2004

The next step was the establishment of a revised standard IEEE 802.16-2004 specifying
the air interface of fixed BWA systems supporting multiple services. It was published in
October 2004.°* The medium access control (MAC) supports a primarily point-to-
multipoint (PMP) architecture and optionally mesh topology. The MAC is designed to
support multiple physical layer (PHY) specification, each suited to a particular
operational environment. The PHY is based on single-carrier modulation for the
frequencies 10-66 GHz. For frequencies below 11 GHz, where connectivity without LOS
must be guaranteed, three alternatives are provided, namely Orthogonal Frequency
Division Multiplexing (OFDM), Orthogonal Frequency Division Multiple Access
(OFDMA) and single-carrier modulation. The IEEE 802.16-2004 standard consolidates
the previous 802.16-2001, 802.16a and 802.16c standards keeping all modes and major
features without adding anything. Thus, it provides the full specification for fixed
wireless access in the 2-66 GHz frequency bands (IEEE 2004).

The term fixed WiMAX is often used when one refers to this IEEE 802.16-2004 standard,
but as discussed above this is not correct strictly spoken since the term WiMAX refers to
a certification mark. For marketing reasons and ease of use it is understandable that such
a name is used instead of the numerical name.

IEEE 802.16-2004 is a standard for fixed wireless access and is designed to serve as a
wireless DSL replacement, which should compete with the incumbent DSL or broadband
cable providers or it could serve as basic voice and broadband access in underserved
areas where no alternative access technology is available. These areas are, for example,
developing countries and rural areas in developed countries where deploying copper wire
or cable is not economically feasible.

Another viable solution of 802.16-2004 is for wireless backhaul of WiFi access points or
potentially for cellular networks. Finally, in certain configurations, IEEE 802.16-2004
can be used to provide higher data rates and so it could serve as a T1/El replacement
option for high-value business customers.

3.2.2. |IEEE 802.16e-2005

The standard, which is currently attracting most attention from the industry, is the IEEE
802.16e-2005 standard, which was published in February 2006.° This version is an
amendment to the previous IEEE 802.16-2004. The IEEE 802.16e-2005 offers a key
feature that 802.16-2004 lacks, namely portability and eventually full mobility. It uses
Scalable Orthogonal Frequency Division Multiplexing Access (SOFDMA), a multi-
carrier modulation technique that uses sub-channelization.

¥ The complete standard is available at http://www.wirelessman.org/pubs/80216-2004.html

IEEE Standard for Local and Metropolitan Area Networks - Part 16: Air Interface for Fixed Broadband
Wireless Access Systems

? The amendment to IEEE Std 802.16-2004 is available at http://www.wirelessman.org/pubs/80216e.html
Amendment to IEEE Standard for Local and Metropolitan Area Networks - Part 16: Air Interface for Fixed
Broadband Wireless Access Systems- Physical and Medium Access Control Layers for Combined Fixed
and Mobile Operation in Licensed Bands
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This standard will allow mobile access via portable devices such as laptops, personal
digital assistants (PDA) and mobile phones at vehicular speeds. It should be kept in mind
though that a deployment of an 802.16e-based network can also be used to provide fixed
services.

The 802.16-2004 and 802.16e-2005 standards have evolved separately, because of the
complex design issues of the mobile standard concerning inter-cell handoffs and
authentication. This has resulted in the fact that 802.16e-2005 is not backward compatible
with 802.16-2004. This could be troublesome for operators who have been planning to
deploy an 802.16-2004 network and then in the future want to upgrade to an 802.16e
network.

Furthermore, the 802.16 Working Group has been working on an amendment that
incorporates mesh-networking capabilities into the standard. The IEEE 802.16f standard
was published in December 2005."° Currently there are several new amendments under
development, for example 802.16¢ for issues related to handovers.

3.23. Wi-Bro

Another interesting technology which should be taken in consideration when discussing
WiMAX and the standards on which it is based, is a technology called WiBro (wireless
broadband). WiBro is a technology that has been developed by LG Electronics and
Samsung in South Korea. WiBro is defined as a ‘portable internet service to provide a
high data rate wireless internet access with Personal Subscriber Station (PSS) under the

stationary or mobile environment, anytime and anywhere’.""

The underlying standard has been developed by the 2.3 GHz Portable Internet Project
Group (PG302) under the Electronic communication Technology Association (TTA) of
Korea. Initially, WiBro was perceived as being a portable solution, even though it could
support mobile users, because the technology did not support seamless cell handoffs.
However, with its adoption into the IEEE 802.16 set of standards it will support vehicular
mobility of around 60 km/h. The harmonization of WiBro with the IEEE 802.16 set of
standards was finally agreed upon after much debate. Proponents of WiBro such as
Samsung suggested basing IEEE 802.16e on WiBro. Intel, an important driver behind
WiMAX, and some other WiMAX supporters opposed this idea, because the WiBro
standard used a different frequency band and carrier structure than IEEE 802.16.

An ongoing disagreement could have turned the two technologies into rivals thereby
splitting the market, which could hold back an adoption of the technologies. However,
both sides have agreed to merge the two technologies together under the IEEE 802.16.

An overview of the discussed standards and its specifications is given in Table 2.

' The amendment to IEEE Std 802.16-2004 is available at http://www.wirelessman.org/pubs/80216f html
Amendment to IEEE Standard for Local and metropolitan area networks Part 16: Air Interface for Fixed
Broadband Wireless Access Systems- Amendment 1: Management Information Base

! The definition is taken from the WiBro promotion site http://www.wibro.or.kr/index.htm
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Table 2. IEEE 802.16 and WiBro specifications

IEEE 802.16a

IEEE 802.16e-2005

IEEE 802.16-2001 WiBro
amendment amendment
Completed December 2001 January 2003 December 2005 December 2004
Spectrum 10-66 GHz 2-11 GHz Licensed bands 2- |, 5 5 4 GHz
6 GHz
Channel LOS only LOS, NLOS LOS, NLOS LOS, NLOS
conditions

Raw bite rate

32-124 Mbps at 28

Up to 75 Mbps at
20 MHz

Up to 15 Mbps at
5MHz

Downlink 18 Mbps

MHz channelization o o Uplink 6 Mbps
channelization channelization
Modulation QPSK, 16Q0AM,  |QPSK, 16QAM, _ |QPSK, 16QAM,  |QPSK, 16QAM,
64QAM 64QAM 64QAM 64QAM
Multiplexing OFDM OFDM, OFDMA  |SOFDMA OFDMA
technique
Duplexing TDD/FDD TDD/FDD TDD/FDD TDD
Channel 20, 25 and 28 MHz |1.75-20 MHz 1.75-20 MHz 8.75 MHz
bandwidth
Mobility Fixed Fixed, portable Up to 120 Km/h Up to 60 Km/h
Typical cell radius |2-5 Km 7-10 km, maxrangel, g Up to 1 km

50 km

Compatibility between IEEE 802.16-2004 and 802.16e-2005

The OFDM and SOFDMA modes are not compatible as they are based on two distinct
modulation techniques. As a result, a single mode SOFDMA terminal will not work
within an OFDM network and vice versa. An important aspect to take into consideration
when planning to deploy a WiMAX network.

3.3. WiMAX value chain

The WiMAX value chain is very similar to the general telecommunication industry value
chain (Figure 6). An important difference is the driving influence the WiMAX Forum has
on this value chain.'? Although, other technology value chains are pushed also by certain
organizations, for example the UMTS Forum for the UMTS industry. The WiMAX
Forum does not stand within the industry, but is coordinating the WiMAX industry from
higher level. The WiMAX Forum influences all actors of the value chain from the
chipmakers to the end-user. It should be clearly understood that the WiMAX Forum
consists of these exact same actors.

WildAK WiMAK WikLAX WIRAX
Chipmaker Equipment Metwork Service End-user
Lo manufacturer operator provider

Figure 6. WiMAX value chain

'2 The WiMAX Forum will be discussed in more detail in § 3.4.
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Additionally, it should be noted that the WiMAX value chain moves in a direction from
left to right. WiMAX chipmakers strongly influence the equipment manufacturers and
these influence the network operators and so on. A crucial member of this WiMAX
Forum is chipmaker Intel Corporation. Intel really pushes the value chain in order to
create a market for its WiMAX chipsets, named Rosedale. Intel shows strong
commitment to get WiMAX chipsets integrated in laptops and is developing a dual
WiFi/WiMAX chipset for it. Eventually, Intel wants to get its chipsets into mobile
devices thereby addressing an enormous market. Intel’s strategy goes further than
producing the chips and promoting WiMAX via the forum. The venture capitalist Intel
Capital, a subsidiary of Intel Corporation, is actively investing in network operators to
support their WiMAX network deployment plans. An important example is the US$ 600
million investment in US operator Clearwire to deploy a WiMAX network. In the
Netherlands, the WIMAX entrepreneur Enertel Wireless is cooperating with Intel Capital
to deploy a WiMAX network. For WiMAX to succeed it is vital that actual WIMAX
networks are successfully deployed and commercially available. This can trigger other
actors in the value chain such as the operators, service providers and end-users to adapt to
WiMAX. By investing in these network operators Intel achieves two goals the realization
of a WiMAX network, which can convince other operators to deploy a WiMAX network
also, and the sales of its WiMAX chipsets needed for the realization of this network.
Thus, WiMAX chipsets sales volume goes up and this can cause an accelerated volume
growth when additional networks are deployed.

WiMAX equipment manufacturers also benefit from these investments of for example
Intel Capital, because they have to supply the equipment for these networks. Currently,
there are about 70 WiMAX equipment manufacturers, of which about 10 offer certified
WiMAX equipment."® Alvarion is market leader with a large majority market share for
fixed WIMAX equipment. However, it is expected that Motorola and Samsung with its
WiBro technology will lead the future mobile WiMAX equipment market. Motorola is
involved in the major mobile WiMAX deployment plans of among others Clearwire and
Sprint-Nextel.

3.4. Architecture PHY and MAC layer

The specifications of the standards are best described by referring to the OSI reference
model (Figure 7). The OSI model is usable in the computing and networking industry. It
is important to understand what aspects of the WiMAX technology the IEEE specifies.
This model divides the features of a protocol into seven different layers. Each separate
layer only uses the features of the underlying layer and only exports functionality to the
layer above. The interface between the layers thus describes the specifications on how
one layer interacts with another layer.

The IEEE standards, as is customary, only specify the two lowest layers, the PHY and
MAC layers. The IEEE 802.16-2004 and ETSI HiperMAN standards share the same
PHY and MAC layer. In Appendix E, these layers will be explained for the 802.16
standards.

' More information can be found in § 3.5.4
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3.5. WIiMAX Forum

The WiMAX Forum is an industry-led, non-profit corporation formed to promote and
certify compatibility and interoperability between broadband wireless equipment from
different manufactures based on the standards IEEE 802.16 and ETSI HiperMAN. While
the IEEE has only specified the PHY and MAC layers leaving many parameters variable,
the WIMAX Forum takes this a step further. It has specified certain WiMAX system
profiles and test specifications. The objective of these system profiles is to designate
which features are obligatory or optional for the different PHY and MAC scenarios that
are most likely to occur during network deployments. This allows vendors addressing the
same market to deploy systems that are interoperable while not requiring the
implementation of every single feature.

The WiMAX Forum was founded in 2001 and currently has more than 350 members
including equipment manufacturers, semi-conductor suppliers, operators and content
providers. A leading member and important driver behind WiMAX is Intel. Other
important members, who are putting their weight behind WiMAX, include wireless
equipment maker Alcatel, AT&T, chipmaker Fujitsu, operator Korea Telecom, Motorola
and Sprint Nextel.

3.51. Why a WiMAX Forum

WiMAX is not the first broadband wireless access system in history that tries to obtain a
widespread market adoption. Earlier fixed wireless access technologies like Local
Multipoint Distribution Service (LMDS) and Multi-channel Multipoint Distribution
Service (MMDS) have made similar attempts, but have seemed to fail in achieving
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widespread market adoption. The problems with most BWA implementations have been
of critical mass and, consequently, cost. Most BWA networks lack all characteristics of a
low-cost market namely volume, standardization and interoperability.

These three shortcomings are exactly the aspects in which the WiIMAX Forum is trying to
foresee. Its efforts should lead to economies of scale, made possible by standards-based,
interoperable products and will drive price and performance levels unachievable by
proprietary approaches. As a result, operators worldwide will be able to deliver
economical broadband data, voice and video services to both residential and business
customers’."*

3.5.2. System Profiles

Since the IEEE 802.16 standards specify the entire frequency range from 10-66 GHz and
the sub-11 GHz bands, there is an enormous amount of options available for numerous
deployments. The only way to achieve interoperability and to generate the economies of
scale that lead to lower prices and a more appealing technology, is to limit these
numerous options to a certain set of system options. Therefore, the WiMAX Forum has
devised systems profiles that specify combinations of parameters like operating
frequency, modulation scheme and channelization. This choice of profiles is driven by
market demand, the availability of spectrum, regulatory constraints, the intended services
and vendor interest. For example, the availability of spectrum for BWA in the 3.5 GHz
band in several countries motivated the choice for these profiles. The availability of
license-exempt spectrum and the demand for fixed services were reasons to create a
profile in the 5.8 GHz band. The demand for mobile services and the spectrum
availability have made the 2.3 GHz and 2.5GHz bands attractive for the 802.16e profiles.
Thus, the WiMAX Forum selected three initial spectrum bands for WiMAX-certified
equipment, which include the 2.5 GHz, the 3.5 GHz and the license-exempt 5.8 GHz
band.

Fixed WiMAX

Currently, the WIMAX Forum has identified five system profiles for the IEEE 802.16-
2004 standard clearly indicating what their focus is. Interestingly, the 20 MHz channel
size that was necessary to achieve a throughput speed of 70 Mbit/s is not one of the focus
points. The WiMAX Forum has released the initial profiles for fixed and nomadic access
in the licensed 3.5 GHz band and in the license-exempt 5.8 GHz band (Table 3).

Table 3. WiMAX Forum certification profiles
Frequency (MHz) Duplexing Channels (MHz) IEEE standard

3400-3600 TDD 3.5 802.16-2004
3400-3600 FDD 3.5 802.16-2004
3400-3600 TDD 7 802.16-2004
3400-3600 FDD 7 802.16-2004
5725-5850 TDD 10 802.16-2004

" WiMAX Forum, http://www.WiMAXforum.org/about/ WiMAX_Forum_Overview/
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The first certification release for 802.16-2004 has been completed for the two 3.5 GHz
profiles with a channel bandwidth of 3.5 MHz both TDD and FDD duplexing. Currently,
there are certified products in these two profiles commercially available.

Mobile WiMAX

The system profiles for the IEEE 802.16e-2005 standard have been specified for the 2.3
GHz (for WiBro applications), 2.5 GHz, 3.3 GHz and 3.5 GHz frequency band, which are
all licensed bands worldwide, with channel bandwidths of 5, 7, 8.75, and 10 MHz
channel. However, the initial release of Mobile WiIMAX certification profiles will only
include TDD. Future releases will consider FDD profiles to address specific market
opportunities where local spectrum regulatory requirements either prohibit TDD use or
are more suitable for FDD deployments (Table 4).

Table 4. WiMAX Forum certification profiles for mobile WiMAX
Frequency (MHz) Duplexing  Channels (MHz) IEEE standard

2300-2400 TDD 5,8.75,10 802.16e-2005
3400-3800 TDD 5,7,10 802.16e-2005
2469-2690 TDD 5,10 802.16e-2005
3300-3400 TDD 5,7 802.16e-2005
2305-2320, 2345-2360 TDD 3.5,5,10 802.16e-2005

The first certification for 802.16e-2005 will commence in Q4 2006 with the following
profiles; 2.3 GHz band, 8.75 MHz channel size and TDD duplexing. This corresponds
with the WiBro specifications.

The positioning of WiBro in mobile WiMAX is as follows. The WiBro profiles and test
specifications have been fully harmonized with the system profiles for the 802.16e-2005
standard. This makes WiBro an integral part of mobile WiMAX and it uses the 802.16e-
2005 as its base standard. WiBro can be seen as a service name for offering mobile
WiMAX in Korea. Since the second half of 2006 such WiBro services are offered in the
form of PCMCIA-cards for laptops. However, at the moment this is not an official
certified mobile WiMAX system, but a mobile pre-WiMAX system. Certified mobile
WiMAX products are expected to be available only from H1 2007.

3.5.3. WIMAX Test Laboratory

The testing for the fixed WiMAX equipment (based on the IEEE 802.16-2004 standard)
is done by an authorized independent laboratory. The WiMAX Forum selected Cetecom
Laboratories in Spain to be its official main certification laboratory. Cetecom will thus
test and certify the equipment products of WiMAX Forum member companies to ensure
they conform to the system profiles and specifications. Systems conforming to the test
specifications will receive a WiMAX Certified label.

In January 2006, the first round of commercial fixed wireless broadband systems
received this WIMAX Certified label. This is about half a year later than was originally
planned by the WiMAX Forum. This delay could appear to be crucial for the success of
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fixed WiMAX when operators decide to skip this fixed WiMAX step and directly move
to mobile WIMAX deployments. On the other hand, one should realize that the markets
for fixed and mobile WiMAX could be two separated markets with different business
cases and different market players.

The testing for the mobile WiMAX equipment (based on the IEEE 802.16e-2005
standard) has not started yet, but the WiMAX Forum has selected Electronic
communication Technology Association’s (TTA) IT Testing and Certification Laboratory
in Korea as a second test laboratory for mobile WiMAX next to Cetecom Laboratories. It
is expected that the test procedure will start in Q4 2006 and that the first commercial
mobile WiMAX products will be certified by Q1 2007.

It is important to note that globally many operators in the past have appeared to be
claiming to offer WiMAX services over their WIMAX network, but before 2006 this was
impossible. The operators should have referred to it as pre-WiMAX networks, equipment
or services.

3.5.4. WiIMAX Forum Certified Products

There are currently eleven equipment manufacturers, who are offering certified fixed
WiMAX products, both base stations and subscriber station. These are Airspan, Alvarion,
Aperto Networks, Axxcelera Broadband Wireless, Proxim Wireless Corporation, Redline
Communications, Selex Communications, Sequans Communications, Siemes SPA, SR
Telecom and Wavesat Wireless. In Figure 8 three examples of such certified fixed
WiMAX subscriber stations are shown.

Figure 8. Certified fixed WiMAX subscriber stations

Most subscriber stations are outdoor CPE devices. This means that a professionally
installed outdoor antenna is necessary. This makes a network deployment more costly
than when a self-installable CPE is used. In time the functionality of the subscriber
stations will increase, from outdoor CPE to indoor CPE to PCMCIA cards for laptops. In
Figure 9 the commercial availability of certified fixed and mobile WIMAX products is
shown. Currently, there is one self-installable indoor CPE available. However, it is
expected that the actual availability of mobile WIMAX will be at a later date than the
roadmap of the WiMAX Forum shows us. The certified fixed WiMAX products came six
months later on the market than the WiMAX Forum had initially planned, because of
delays at the Cetecom Laboratories.
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Figure 9. Expected commercial availability of WiMAX products
Source: WiMAX Forum, 2006

The figure shows that the first certified mobile WiMAX products are expected to be
available in the first half of 2007 as PCMCIA cards for laptops and these will support any
type of access, from fixed to mobile. Towards the end of 2007 mini PCMCIA cards
should be available for laptops with built-in WiMAX functionality. The last stage in the
development of the mobile WiMAX products will be the availability of PDAs and
smartphones somewhere in 2008.

Not all equipment manufacturers of fixed WiMAX products will also offer mobile
WiMAX products in the future. Two noted manufacturers of certified mobile WiMAX
products will be Samsung and Motorola.

3.6. WIMAX Regulation

One of the challenges for a successful introduction of WiMAX lies in the regulatory field.
The regulatory implications requiring attention of the regulators and the WiMAX Forum
include spectrum management and allocation, type of usage allowed (fixed or mobile),
power restrictions and global harmonization.

3.6.1. Global spectrum harmonization

In order to address a worldwide WiMAX market it is highly important to achieve a high
degree of spectrum harmonization on a global level. This will minimize the number of
equipment variants and thereby increase economy of scale benefits. When a globally
recognized frequency band for WiMAX deployments cannot be secured then the
economies of scale will be reduced and the network costs will increase.
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3.6.2. Spectrum

Much of the success of WiIMAX is dependent on the ability of operators to find
appropriate and available spectrum. The IEEE 802.16 work group has tried to address
these issues by making the channel bandwidth small ranging from 1.75 MHz to 20 MHz
(Table 2). This flexibility makes it easier to find available spectrum among existing
allocations. In contrast, WiFi demands channel sizes of 20-22 MHz.

Allocation

There are two main types of spectrum allocation: licensed and unlicensed. The licensed
frequencies are generally obtained through an auction, as is the case in most EU countries
or via a contest, which is common for example in Japan. Licensed spectrum requires an
authorization from the regulators, which gives the exclusive right to an operator to use
that specific frequency at a particular location or within a defined geographic area. For
this license, a certain fee has to be paid by the operator, which could be very large
amount like in the case of the Universal Mobile Telephone System (UMTS) auctions in
the UK and Germany where million of euros were paid. However, such high auction fees
are not expected for the WiMAX licenses. In the Netherlands, fees for licenses for fixed
wireless broadband applications have been relatively low.

Licensed

The World Radiocommunications Conference (WRC) in 2000 appointed the 2.5 GHz to
2.69 GHz band for IMT-2000 cellular technologies and most national regulators of
OECD countries have adopted this. Keeping in mind that the 2.5 GHz band is one of the
selected spectrum bands by the WiMAX Forum, this means that currently this band
cannot be used for WiMAX applications. Some exceptions are the United States and
Mexico, which have allocated the 2.5 GHz band for fixed and mobile broadband services.

Another initial key WiMAX frequency is the 3.5 GHz band. This band is available in
many OECD countries for fixed wireless access (FWA). This band offers great potential
for various fixed WiMAX applications, but not for mobile applications. However,
regulators are starting to revise their positions to include portable access in a first step
and will eventually allow full mobility in the 3.5 GHz band.

Unlicensed

The unlicensed frequencies allow several operators to share the same frequency band
without prior authorization of the regulator or paying a fee for it. However, license-
exempt transmissions are still subject to rules and constraints. For example, the
equipment must use mitigation techniques like Transmitter Power Control (TPC) and
Dynamic Frequency Selection (DFS) to prevent interfering with other licensed uses.
Although the use of license-exempt bands may be an inexpensive and fast to deploy
solution, it is not without risk since operators have to tolerate interference from other
non-licensed usage. This can result in a decrease in service stability and quality.

In 2003, the WRC has allocated the 5150-5350 MHz and 5470-5725 MHz bands to the
mobile service for implementation of wireless access systems, including Radio Local
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Area Networks (RLAN)."® This newly allocated 5470-5725 MHz band adds a significant
amount of license-exempt bandwidth, which could very well be suitable for WiMAX
applications. However, the high frequency ranges make it more suited for fixed
applications than for mobile applications, because for a mobile network many more base
stations are required for a good coverage, including indoors.

3.7. Deployment scenarios

The 802.16 standard will support the industry to provide solutions across multiple
broadband segments. WiMAX was initially developed as a wireless last-mile access
technology competing with DSL, cable and T1 technologies. However, the development
of the IEEE 802.16e-2005 standard adds a completely new mobile dimension to the
application options for WiMAX. The appeal of mobile WIMAX goes further than just
mobile usage. It is important to keep in mind that it supports multiple usage scenarios,
including fixed, portable and mobile access, using the same network infrastructure.

WiMAX is credited to support many types of wireless broadband applications including
but not limited to high-bandwidth MANS, cellular backhaul, clustered Wi-Fi hotspots
backhaul, last-mile broadband, mobile phone replacements for various wireless service
applications like ATM’s, vehicular data and voice, security and surveillance applications,
wireless VoIP and video streaming. Today, these applications are, if available, served by
expensive, proprietary systems for broadband access. In areas, where no fixed broadband
infrastructure exists, such as developing countries, WiIMAX can provide a fast to deploy
and cost effective solution (Figure 10).

Figure 10. WiMAX applications
Source: Pareek, 2006

'S World Radiocommunications Conference, Resolution 229 (WRC-03)
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The above-mentioned applications for WiMAX can generally be grouped into three
deployment scenarios;

1. Wireless access fixed or mobile
2. Backhaul WiFi hotspot or cellular
3. Metropolitan area networks

WiMAX was designed to provide low-cost, flexible, high-quality BWA that makes use of
certified, standardized and interoperable equipments from multiple vendors.

3.8. Performance comparison of technologies

When comparing WiMAX with other technologies it is important to keep in mind what
type of usage model WiMAX is used for (Figure 11). Fixed and mobile WiMAX have
different application areas and depending on these areas a performance analysis
comparing other technologies, competing or complementing, is executed.

Technology Evolution

Fixed Nomadic/Portable Mobile

ACCESS METROZONE MOBILITY

Figure 11. WiMAX usage scenarios
Source: ITU-T, 2006

In case of a fixed access usage, fixed WiMAX can compete with DSL. Fixed WiMAX is
expected to initially offer 40 Mbit/s per wireless channel. Depending on the specific
technical configuration chosen, this is enough to support tens of businesses with T-1
speed connectivity and hundreds of residences with DSL speed.
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In case of a mobility usage model, mobile WiMAX should be compared with 3.5G
technologies, such as HSDPA/HSUPA (HSPA) and CDMA2000-EVDO. A study
executed by the WiMAX Forum shows the following results when comparing the
throughput of these different technologies (Figure 12). It can be observed from the figure
that mobile WiMAX especially with the use of multiple antenna technology MIMO has a
much larger throughput, 14 Mbit/s, than for example HSDPA.'¢

In the same study, the spectral efficiency of mobile WiMAX, HSPA and EVDO is
compared (Figure 13). Mobile WiMAX with MIMO is significantly more efficient than
HSDPA. Considering the fact, that spectrum is a scarce resource and the demand for
broadband rises this is a great advantage of WiMAX. The reason with the spectral
efficiency is among others the underlying technology that mobile WiMAX uses, namely
OFDMA. OFDMA is especially for the downlink a very spectrum efficient technology.

Net Throughput per Channel/Sector
16 T T
1 1
14 1 1
12 i i
» 12 : : — — @mDL
s s ' ' | mUL
= = i
e i m
0 [ — - | — ]
1:1 ‘ 31 11 ‘ 31
1XEVDO | 3xEVDO | HSDPA | HSPA SIMO MIMO
RevA | RevB Mobile WilMAX
2x125 2x5 MHz 1x10 MHz

Figure 12. Sector throughput comparison
Source: WiMAX Forum, 2006

' The exact simulation parameters of the comparison are available at WiMAX Forum (2006). "Mobile
WiMAX - Part 2: A Comparative Analysis ".
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Figure 13. Spectral efficiency comparison
Source: WiMAX Forum, 2006

Having analyzed the performance differences of the various technologies, it is worth
mentioning that these technologies do not necessarily have to compete against each other.
These technologies can have a complementary role. It highly depends on the deployment
situation and on the networks already in place of the operator. Fixed WiMAX could serve
as the wireless extension to DSL, but also as a competitor. Mobile WiMAX could serve
as a backhaul technology complementing a 3G/3.5G network. In areas where such
networks are available, it does not seem to be feasible business case to rollout a nation-
wide mobile WiMAX.

3.9. WIMAX Costs

In analyzing the typical costs of WIMAX deployments, it must be noted that reliable and
complete data was difficult to obtain due to the novelty of the subject and the limited
financial resources. Research reports are written either by the biased WiMAX Forum (or
derived from it) or by very costly independent research companies, such as Skylight
Research or Maravedis.

3.9.1. WIiMAX base stations

In general, the cost-efficiency of WiMAX is caused by the throughput and spectral
efficiency advantages of WiMAX resulting in the fewer base stations needed to achieve a
desired data density. The use of fewer base stations reduce the CAPEX of a network
given a certain capacity and also reduces OPEX, because of the reduced maintenance
costs. Additionally, the use of wireless eliminates the costly trenching and cabling of new
wire/fiber lines in case of DSL/fiber deployments.

However, the cost of a base station also needs to be low and therefore a global market
needs to be reached resulting in economy of scale benefits. A task held in high esteem by
the WiMAX Forum.
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A study executed by the WiMAX Forum shows the following results in respect to the
number of base stations necessary for mobile WiIMAX deployments in comparison with
3.5G networks (Figure 14). It shows the number of base stations needed in order to
achieve a downlink data density of 215 kbyte/s/km? over a 129 km? coverage area. It can
be observed that mobile WiMAX together with the use of multiple antenna technology
MIMO requires around 19 base stations. Compared with the about 57 required base
stations for HSPA (HSDPA/HSUPA) this is a significant difference. One third of the
number of required base stations for HSPA deployment is needed for a mobile WiMAX
deployment using MIMO. The price of a HSPA base station and a WiMAX base station
is expected to be in the same order, because the materials used for and the production
complexity of the base stations is expected to be very similar. This results in the WiIMAX
network deployment costs, as far as the base stations are concerned, to be about 1/3 the
costs of a HSPA network deployment.
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Figure 14. Number of required base stations
Source: WiMAX Forum, 2006

For fixed WiMAX deployments to achieve the same data density less base stations are
needed due to possible optimum position of installing the fixed antenna on the rooftop
and the lack of building penetration loss. For mobile WiMAX indoor coverage is required
resulting in more base stations.

3.9.2. WiMAX CPE

The cost-efficiency of a WiMAX network deployment also needs to express itself in low
priced WiMAX CPEs. As long as the CPEs are expensive it will be difficult for WIMAX
to reach mass market adoption, because especially the customer is not willing to pay a
high price for their WiMAX CPEs. In comparison, the mass market adoption of 2G
technologies only occurred when operators offered their customers nearly free of cost 2G
handsets. According to Sky Light Research, it is expected that WiIMAX CPEs costs will
rapidly decrease in the coming years (Figure 15).
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Figure 15. WiMAX CPE pricing potential
Source: Sky Light Research, 2006

It is important to understand that as volume increases, CPE pricing will decrease.
However, volume does not increase if CPE costs remain high and CPE costs do not
decrease if the volume is low. A crucial question is how this cycle can be broken.

3.9.3. Volume

There are various market forecasts by commercial research companies such as Sky Light
Research, Rethink Research and Gartner. The predictions are varying from time to time,
but the more recent forecast show increasingly higher numbers on WiMAX equipment
spending. In 2004, Sky Light Research forecasted worldwide WiMAX equipment sales
of US$ 1.6 billion by 2009. In 2006, In-Stat research predicts WiMAX equipment sales
of US$ 3.2 billion by 2010. However, it states that this is highly depending on the CPE
price. If the price becomes US$ 100 or lower by 2010 than WiMAX equipment sales can
become as much as US$ 3.2 billion. If the CPE price remains higher than WiMAX
equipment sales will be only US$ 2.1 billion. Rethink Research does a very different
forecast. It predicts that global WiMAX infrastructure spending will rise from US$ 655
million in 2006 to US$ 7.36 billion in 2009. This research is based on the intended
spending plans of more than 200 service providers around the world.

The forecasts seem promising, but how can these volumes be reached. An important
advantage of WiMAX is that it is based on the international IEEE 802.16 standards. The
WiMAX Forum is constantly promoting a globally harmonized spectrum for WiMAX
deployments. It is cooperating with and influencing the national governments to manage
their spectrum in a globally coordinated way and to make free spectrum for wireless
broadband applications. This has been realized to a great success. The US, Mexico and
Japan for example will use the 2.5 GHz band for mobile wireless broadband applications
while Europe is aiming at the 3.5 GHz band.

Additionally, the WiMAX Forum is making strong efforts to ensure that WiMAX
products of different equipment manufacturers are interoperable and compatible.
However, fixed and mobile WiMAX products will not be compatible.

36



These three aspects make it in theory possible to reach a global market, but how will
volume increase when equipment costs are high. If there is anybody in the electronic
communication industry who can break this cycle then it must be Intel. Intel’s strategy
will be crucial in achieving high WiMAX sales volumes and mass-market adoption of
WiMAX. Large investments need to be made in deploying initial WiMAX networks to
increase the number of WiMAX networks commercially available. This is exactly what
Intel and others are doing. Intel Capital is heavily investing in numerous WiMAX
network deployments around the world. This increases WiMAX equipment sales
volumes and in addition can stimulate other operators to deploy WiMAX networks.

An extremely important moment for the success of WiMAX is the recent decision of US
operator Sprint Nextel, a board member of the WiMAX Forum, to deploy a nation-wide
mobile WiMAX network in cooperation with Intel, Motorola and Samsung. The
investment size is enormous, US$ 1 billion in 2007 and US$ 1.5-2 billion in 2008. The
impact of this on the mobile WiMAX industry will be very significant. This might even
be called a breaking point for the future success of mobile WiMAX. It has become more
likely that other operators will follow Sprint Nextel example of deploying such large-
scale mobile WiMAX network. WiMAX equipment sales volume will increase and
equipment costs will probably decrease. However, this is just an initial step and it is still
remains to be seen if WiMAX equipment prices will sufficiently decrease to become
adopted by the mass-market. The drive of Intel to incorporate WiMAX chipsets in
laptops, in a similar way Wi-Fi chipsets are now incorporated, certainly will help to reach
the desired volumes.

3.10. Conclusion

This conclusion gives an answer to the first research question: ‘What are the advantages
and disadvantages of WiMAX compared to other communication technologies?’

The spectral efficiency and throughput performance of WiMAX compared with other
wireless technologies like HSDPA is significant. Spectral efficiency is on the long run
greatly important since spectrum is scarce. The cost-efficiency of WiMAX network
deployments is another important advantage. As shown in Figure 14 less base stations are
needed for the deployment of a WiMAX network due to the spectral efficiency and
throughput performance. However, it is important that the price of the WiMAX
equipment, including the CPEs, will decrease. Additionally, the high costs of trenching
when rolling out a wired line network, such as DSL and cable, is avoided, because
WiMAX is wireless. The various levels of quality of service (QoS) and the support of the
IP protocol are two other attractive advantages of WiMAX. The industry movement
towards NGNs and all-IP networks makes WiMAX a suitable technology in this
development path. One of the most important advantages of WiMAX is the fact that
WiIiMAX is based on a truly international standard of the IEEE. The WiMAX Forum is
committing important global industry players to WiMAX in order to drive its success.

The disadvantages of WiMAX are the immaturity of the technology and the limited
product availability of mostly mobile WiMAX. Other issues are the insecurities around
full mobility capabilities of mobile WiMAX. Additionally, WIMAX is a very new
technology and operational difficulties while deploying a network are bound to occur.
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4. WiMAX in the Netherlands

In this chapter the industry environment and external environment of the electronic
communication industry in the Netherlands will be examined briefly in order to obtain an
understanding of the WIMAX in the Netherlands. The chapter gives an answer the
second research question: “What are the key issues concerning WiMAX for operators in
the Netherlands?’

In Figure 16 the framework of analysis for the Dutch internal and external electronic
communication industry is shown. The aim is to present a brief analysis of the Dutch
situation. The focus will be on the external environment and on the incumbent rivalry in
the Netherlands. Therefore, the suppliers, buyers, new entrants and complementors will
not be analyzed for the Dutch situation. Important is to understand for which segments of
operators WiMAX could be an interesting opportunity.
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Figure 16. Framework of Analysis overview of the Netherlands

This chapter consists of an introduction to basic statistics of the Netherlands, a brief
presentation of the socio-economic background of the Netherlands, an analysis of the
external environment of the Dutch electronic communication industry, an overview of the
Dutch incumbent rivals and its segments and ends with a conclusion.
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Basic statistics of the Netherlands

The Netherlands has a country size of 42,000 km? and a population of 16,258,000
inhabitants. The population density is very high 481 inhabitants per km? of land. The
GDP per capita is € 30,055 and the growth rate is around 2% of real GDP (OECD 2005).

4.1. External environment of the Dutch electronic
communication industry

In this paragraph, the external environment of the electronic communication industry in
the Netherlands is analyzed. As discussed earlier, the electronic communication industry
can be characterized by a high degree of technology innovation and government
regulation. Therefore, it is expected that the political and regulatory drivers and the
technological drivers are the most important drivers in this analysis.

41.1. Political and regulatory drivers

The main institutions that supervise the electronic communication industry in the
Netherlands are the Ministry of Economic Affairs, which supervises the Directorate
General of Energy and Electronic communication (DGET)"", the regulatory authority
Onafhankelijke Post en Telecommunicatie Authoriteit (OPTA) and the national
competition authority Nederlandse Mededingingsauthoriteit (NMa). DGTP is responsible
for the policy formation and implementation. In the case of wireless communication, an
important task of DGET, more specific the Radiocommunications Agency, is the
frequency policy.

The management of the spectrum is globally coordinated by the following institutions on
three levels:

e [TU at a global level

e FEuropean Conference of Postal and Electronic communication Administrations
(CEPT) at a European level

e DGET at a national level in the Netherlands

Frequency management is regularly changing, because of trends in the electronic
communication industry such as fast technological developments, convergence of
broadcasting, internet and electronic communication, strong demand for radio services
that requires more efficient use and inventive sharing techniques of the spectrum, and
globalization of the industry, which requires harmonization of the spectrum.

The two key elements of these institutional activities are global spectrum harmonization
and flexibility by reducing constraints on the use of spectrum and barriers to access
spectrum.

The decisions of the higher-level institutions have a binding character for the lower level
institutions. Every three years the World Radio Conference is held at which decisions and
recommendations for changes of spectrum management are formulated.

' Since January 2006 DGTP became part of the new Directorate General Energy and Telecommunication
(DGET).
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The frequency policy of the Radiocommunications Agency in the Netherlands is in
essence technology and application neutral. Operators can obtain licenses by means of a
beauty contest or auction or it can be directly distributed in a first come first serve or
privileged way. If the spectrum is scarce or the demand for it is high then often an auction
mechanism is used. The policy allows secondary trading of the license between operators.

Frequency opportunities for WiMAX

It is important now to understand what the possibilities for WiMAX in the Netherlands
are considering the availability of spectrum. As previously mentioned, the WiMAX
Forum has devised system profiles, based on a market driven approach, specifying the
operating frequency and other parameters. For fixed WiMAX the initial focus is on the
3.5 GHz and 5.8 GHz frequencies and for mobile WiMAX on the 2.3 GHz, 2.5 GHz and
the 3.4-3.8 GHz frequency bands.

2.5 GHz

The Dutch Radiocommunications Agency has, based on the decision of CEPT, assigned
approximately 144 MHz in the 2.5 GHz band (2520-2670 MHz) for FWA applications
(CEPT 2004). It is specified for a channel bandwidth of 1.75 MHz and for FDD as
duplexing method'®. There is one license issued for this spectrum and it is valid until
January 2008.

After January 2008, it has been assigned to IMT-2000 applications, such as UMTS and
the likes. Meaning that in the Netherlands neither fixed nor mobile WiMAX application
are an option in this band. However, in an interview with DGET it was indicated that
there is a discussion going at European level by the Joint Project Team on BWA (JPT-
BWA) to broaden the application area of this 2.5 GHz band to include usage for any type
of mobile communication (Anker 2006). As of August 2006, there is no official word to
be foulr91d on the developments in the matter after consulting the meeting documents of
CEPT".

3.5 GHz

Currently, there is 80 MHz of spectrum available in the 3.5 GHz band (3500-3580 MHz)
for FWA in the form of one license™. It is specified for channel bandwidths of 1,75 and 5
MHz and for FDD as duplexing method.

Both licenses (2.5 and 3,5 GHz) have large amounts of spectrum, 144 MHz and 80 MHz
respectively, and it is expected that in the future these will be divided into several
separate licenses.

The recent development considering the changes in the allocation of the 3.4-3.8 GHz
bands is of crucial importance. In June 2006, the JPT-BWA of CEPT has formulated a
draft decision that establishes conditions for BWA usage in the 3.4-3.8 GHz bands, which

' National Frequency Plan 2005, p.43; www.agentschap-telecom.nl/nfr

' The progress on the discussion of changes in frequency management on European level can be found in
the meeting documents of the European Radio Office (ERO) division of CEPT; www.ero.dk

%0 National Frequency Plan 2005, p.44; www.agentschap-telecom.nl/nfr
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were so far limited to fixed FWA applications. The usage modes include fixed, nomadic
and mobile (CEPT 2006).

This enormous amount of spectrum availability would greatly increase the possibilities
for both fixed and mobile WIMAX in the Netherlands while providing harmonization
with other European countries.

However, the final decision in this matter will be taken at its best somewhere in the
beginning of 2007. After which the Dutch Radiocommunications Agency has to
implement it and has to prepare the licensing process, most probably by means of an
auction. This process can easily take one year.

Conclusion, an operator interested in such license can only obtain it in the beginning of
2008 (Anker 2006).

5.8 GHz

In the Netherlands, the 5.8 GHz band (5725-5875 MHz) is currently used for fixed
satellite communication for business users and for radio systems of the Ministry of
Defense®'. These radio systems of the Defense Ministry have priority above other
communication systems. However, there is clear demand from the industry globally to
use this 5.8 GHz band for FWA in lightly licensed or license exempt mode. With the help
of technologies as Dynamic Frequency Selection (DFS) designed for spectrum sharing,
this frequency band can be shared between multiple technologies.

The JPT-BWA has formulated a draft recommendation on sharing this band, both
ensuring the existing systems and creating possibilities for future FWA systems to
capitalize on the industry developments (CEPT 2006). However, concerns at the Defense
Ministry remain. The final decision is expected to be taken at the end of 2006.

4.1.2. Economic drivers

The influence of the external economic environment on the Dutch electronic
communication industry will only be briefly discussed, because a more elaborate
discussion of the Dutch economy does not fit within the scope of this research project.

In 2006 the Dutch economy is recovering after a long period of downturn. The economic
growth has been little since the beginning of the century and was inhibited by weak
domestic and external demand and rising oil prices.

Competitiveness is now improving and exports stimulate the economy. Corporate
earnings are growing fast, real GDP accelerated in the second quarter and unemployment
has slightly declined in the third quarter of 2005. This all and many other factors could
result in an economic growth of more than 2% in 2006 (OECD 2005).

Another point worth mentioning concerns innovation. Innovation activity supported by
the Dutch government should make the Netherlands more attractive for both domestic
and inward R&D spending. One of the most important indicators for innovation is

*! National Frequency Plan 2005, p.45; www.agentschap-telecom.nl/nfr
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business R&D intensity. In the Netherlands, this is only 1% of GDP, while the OECD
average 1s 1.5%.

It is assumed that the increasing economic growth will have positive effect, or at least no
negative effect, on consumer spending and demand for communication services,
including WiMAX services. Further, it is assumed that the stimulation of innovation and
R&D spending will have a positive effect on the communication industry, including the
WiMAX industry. Vice versa, this is equally true. Since wireless services, especially
wireless broadband, are critical for the development of the communications industry and
its infrastructure, and consequently for the health of the Dutch economy (Pareek 2006).
Consequently it is a mutual dependent relation.

4.1.3. Socio-cultural drivers

Important socio-cultural drivers trying to change the state of the electronic
communication industry, globally and in the Netherlands, by promoting a wide spread
diffusion of WiMAX are community groups and the media. The WiMAX Forum can be
characterized as a kind of community group with very tight relations to the industry
environment. It is the leading driver to make WiMAX successful in the electronic
communication industry. It does not merely influence the industry, but is on an
operational level actively leading the introduction of WiMAX into the industry. However,
it could also be argued that the WiMAX Forum is an actor in the industry environment,
because it also consists of these industry actors. The WiMAX Forum is actually the key
representative or agent driving the technology adoption of WiMAX into the electronic
communication industry.

The WiMAX Forum activities have already been discussed in Chapter 3, but an
additional task worth mentioning concerns the media. In promoting the uptake of
WiMAX it is actively influencing the media and the media in its turn influences the
industry environment. A true hype around WiMAX and its ‘endless’ possibilities has
been observed. WiMAX was supposed to bring wireless broadband communication at
speeds of 70 Mbit/s with a range of 50km. This has most certainly contributed to the
popularity or fame of WiMAX, but has also created a lot of confusion in the industry.

Another driver for change of the state of the electronic communication industry is the
public and governmental opinion on health issues relating to radiation of wireless
communication systems. In the case of UMTS, municipalities or housing corporations in
the Netherlands have inhibited the roll out of UMTS base stations, because of protests of
its inhabitants or insecurity on the possible radiation dangers. This was greatly stimulated
by the results of a report by the Netherlands Organization for applied scientific research
TNO indicating that radiation negatively influences the health of people. However, the
results of a Swiss contra-research by the universities of Bern and Zurich indicate that
there is no such relation between radiation and health.

Additionally, a Dutch lobbyist group called StopUMTS puts great effort in convincing
that UMTS radiation is dangerous for the people’s health.

In a similar way, municipalities, housing corporations or lobbyist groups can delay or
inhibit the roll-out of future WiMAX networks. However, now the radiation debate
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concerning WiMAX is outside the public opinion in the Netherlands. This could change
when large deployments of WiMAX networks are taking place.

41.4. Technological drivers

The key driver for change in the state of the electronic communication industry is the
introduction of new innovative technologies and communication standards. This
technological development in the electronic communication industry is at the center of
this research project, the introduction of WiMAX into the electronic communication
industry in the Netherlands.

In the Netherlands the research institute TNO is an important driver for technological
development. Currently, TNO Information and Electronic communication is actively
involved in WiMAX and it has put up the WiMAX Expert Centre. It offers operators
interested in WiMAX a range of services from consultancy on WiMAX, through
WiMAX network design, to assistance with the deployment of a WiMAX network.

On an international level, the standardization bodies IEEE and ETSI are crucial external
actors for a technology to become widely adopted. Standardization is necessary for a
variety of reasons, including economies of scale and global harmonization, for the
WiMAX technology to be widely adopted. The activities of the IEEE 802.16 working
group on wireless MAN has been discussed in Chapter 3.

4.2. Industry environment of the Dutch electronic
communication industry

After having analyzed the external environment of the Dutch electronic communication
industry by means of a PEST analysis, the industry environment of the Netherlands will
be analyzed. This paragraph gives a brief overview of the operators in the Dutch
electronic communication industry. The dynamics of this industry became apparent
during this research project, because the industry structure is in nearly constant change
due to mergers and (foreign) investments.”” Through active M&A activities of for
example KPN that incorporated mobile operator Telfort and fixed line operator Enertel,
the industry is restructuring. However, KPN was not allowed by NMa to acquire Enertel
Wireless because of market dominance and competition issues. Enertel Wireless, the
wireless subsidiary of Enertel, and its WLL license in the 3.5 GHz band is cooperating
now with investor Intel Capital under the name WorldMax. Additionally, cable operator
Casema acquired the 2.6 GHz WLL license of Versatel and is deploying a certified fixed
WiMAX now.

4.2.1. Incumbent rivalry

The central square of Figure 16 representing the internal rivalry between incumbents is
also analyzed from the perspective of the Dutch operator. It should be kept in mind that
the service provider and the network operator can be the same actor. As for WiMAX in

** In the case of Enertel/WorldMax, Intel Capital is investing for a mobile WiMAX network deployment.
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the Netherlands, this is the case; both Enertel/WorldMax and Casema are both operator
and network operator.

The Dutch electronic communication industry is very competitive and since the telecom
liberalization process started many new players, national and international have entered
the market. For example, only in the mobile voice segment of the market already more
than six players each try to take their share. Figure 17 shows an overview of the Dutch
electronic communication industry. As can be seen from the image the same players may
operate in different segments of the electronic communication industry. For example
KPN is active in almost all segments, except cable and analogue TV. This image clearly
shows the degree of competitiveness in the Netherlands.
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Figure 17. The Dutch electronic communication industry
Source: KPN, 2005

When examining the competitiveness of the Dutch industry and realizing the amount of
electronic communication networks already available in the Netherlands, the inevitable
question comes up of where fixed or mobile WiMAX could fit into this picture. In order
to get better understanding of this, the following four different operators/operators
segments have been distinguished; wired line operators, cellular and mobile operators,
WISP and new entrants. It should be kept in mind however that such distinction is not
completely strict and actors can operate in different segments.

Broadband market

The broadband penetration rate in the Netherlands is one of the highest in the world
(Figure 1) with DSL and cable being the most important technologies. This extremely
high rate and the demographic situation of the Netherlands, makes it difficult for fixed
WIiMAX to get a significant market share. The population of the Netherlands is well
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spread throughout the country and there are no large rural or underserved areas, only
some small-localized areas with very few inhabitants. The city of Wassenaar close to The
Hague for example has no DSL, which is also the case in the North Eastern part of the
Netherlands. This spread of underserved areas makes it very difficult for fixed WiMAX
to support feasible business case.

4.2.2. Type of operator segments and its issues

Wired line operators

Wired line operators include cable operators, DSL operators and other fixed line
operators. Although the fixed voice market segment in the Netherlands consists of several
different players like KPN, Tele2, Scarlet, Versatel, etc. and despite regulation, the
incumbent KPN still appears to be dominating the local loop. However, the basic voice
revenues for KPN and other fixed voice operators, are declining caused by the growth of
residential broadband services and mobile telephony.

Therefore, WiMAX is an opportunity for wired line operators to extend its services and
to add value. Wired line operators can extend their fixed network with fixed WiMAX to
be able to offer the business or residential customer the wireless last mile or to reach the
rural areas in for example North East Groningen, where previously it was not feasible to
deploy a wired line network. However, the potential customer base in those areas is very
limited, possibly making a feasible business case impossible. The Dutch government, like
other governments all over the world, is prioritizing broadband as a key political
objective for all inhabitants to overcome the broadband gap between urban and rural
areas also know as the ‘digital divide’.

Wired line operators can also get into mobile WiMAX in order to get a foothold in the
cellular market. In the Netherlands cable operator Casema and fixed line operator Enertel
have deployed regional fixed WiMAX networks for business consumers. However, both
operators have their eye on mobile WIMAX to either extend their services and to offer
personal broadband thereby getting a share of the cellular market.

Cellular operators

The continuing ambition of cellular operators is to make their networks faster in order to
increase their revenue by new Internet access, multimedia and data-based broadband
services in addition to voice service. In the Netherlands cellular operators like KPN
Mobile, Vodafone and T-Mobile are preparing the transition from 3G to 4G and are
upgrading their 3G UMTS network to a 3.5G High Speed Download Packet Access
(HSDPA) network. T-mobile is the first to offer HSDPA services, currently only for
laptop use, and KPN and Vodafone will start offering it at the end of 2006. Therefore,
their focus is on the cellular technologies and to upgrade it.

The high-speed data demand is causing current cellular networks to congest. Here
WiMAX can still play a role in enabling cellular operators to cost-effectively increase
backhaul capacity by using WiMAX as an overlay network. This overlay approach will
enable cellular operators to add the capacity required to support their new bandwidth
demanding mobile services and to avoid network congestion. However, the 3G networks
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in the Netherlands are not intensively used and congestion is not an issue. At the moment,
neither KPN, T-Mobile nor Vodafone are actively involved in such overlay approach.

Both KPN and T-Mobile have a license for the 26GHz band, which is a suitable
frequency for wireless PTP backhaul. T-Mobile has decided to use a proprietary
technology of Ericson and not WiMAX.

Wireless internet operator

WiMAX gives wireless internet operators (WISP) the opportunity to offer their wireless
services on a broader metropolitan scale. WISPs can either extend their existing wireless
LANSs, most probably consisting of WiFi hotspots, or they can deploy a stationary
WiMAX network for large area coverage, known as hot zones. KPN and T-Mobile are
the biggest hot-spot owners in the Netherlands and WiMAX is a good opportunity to
connect their hot-spots. However, neither operators have a license for such WiMAX
usage.

WiFi hotspots are being installed at a rapid pace, but the biggest obstacle for continued
hotspot growth is the availability of high-capacity, cost-effective backhaul solutions.
Nowadays, WiFi operators have to make use of expensive T1 or DSL lines. Proprietary
wireless backhaul solutions tend to be expensive. If the WIMAX equipment costs, due to
economies of scale, will reduce then WiMAX backhaul can significantly reduce hotspot
costs and provide nomadic capabilities.

New entrants

WiMAX provides a good opportunity for new operators looking for cost-effective and
rapid deployment, making it possible to be competitive with attractively priced services.
WiMAX provides a good opportunity for a new entrant to enter the data and VoIP market
without depending on incumbent providers. In short, for the new entrant it is possible to
control the infrastructure, to deploy cost-effectively and quickly and to easily increase
capacity as demand grows. The initial deployment costs can be very low. First a few base
stations can be installed and gradually the network can be expanding base station by base
station. This makes the entry barrier for the new entrant low.

Those new entrants can include cable operators wanting to compete with electronic
communication operators by offering a package of TV, Internet access, wire line phone
and mobile voice and data. In the Netherlands, this is exactly what cable operator Casema,
with its recently acquired license for FWA applications, seems to be aiming for when
making the future transit to mobile WiMAX.

New entrant Enertel/ WorldMAX uses fixed WiMAX to offer business users wireless
access and has globally one of the first operators to do so.
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Conclusion

In order to have a clear understanding of which WiMAX deployment types are of interest
for each operator segment of the industry, a matrix of deployment types versus segments
has been constructed (Table 5).

Table 5. WiMAX deployment possibilities for operators

gployment (RS Wireless access Backhaul
Segment network
Fixed Mobile Cellular |WiFi hotspot
Wired line operator X X
Cellular operator X
WISP X X
New entrant X X X

4.3. WIiMAX activities in the Netherlands

4.31. Enertel/WorldMAX

Enertel that previously deployed a fixed pre-WiMAX network in the five major cities in
the Netherlands, is currently cooperating with Intel Capital under the new name of
WorldMax. Worldmax is trying to target the deployment of mobile WiMAX services in
the Netherlands. Enertel/WorldAMAX has a nationwide license for 80 MHz at 3.5 GHz
spectrum until 2015. However, this license can be used for fixed wireless broadband
applications only.

“We see the creation of this new wireless operator as an incredible opportunity to provide
new services to major cities in the Netherlands,” said Cees Meeuwis, Enertel executive
chairman. “Worldmax will offer wireless access and services through a wholesale
relationship with a number of resale channels in the Dutch market. This wireless
broadband access service will uniquely complement the existing fixed-line broadband
access services already offered in the Netherlands.”*

Enertel/WorldMAX offers a 5 Mbit/s wireless LOS connection for business users in five
large cities in the Netherlands, Amsterdam, Rotterdam, Utrecht, The Hague and
Eindhoven. They are competing against fixed TI/El lines by offering a nominal
performance increase in terms of data throughput. It is considered as an entry model to
get experience with WiMAX and to get a foothold in the market. Now it is a small niche
market application. However, since the cooperation with Intel Capital
Enertel/WorldMAX has changed its business case to mobile WiMAX deployments.
Crucial in both deployments is the cost structure. According to Algra (2006), the most
important competition proposition is the cost structure.

3 http://www.intel.com/pressroom/archive/releases/20060522corp.htm
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4.3.2. Casema

Dutch cable operator Casema has purchased a wireless local loop (WLL) license from
Versatel as part of plans to extend its national footprint. Versatel was threatened with
financial penalties or even having its license revoked for failing to meet the rollout and
coverage requirements of the concession, but Casema reports that it has now fulfilled the
license conditions. The cable operator plans to start rolling out internet access, telephony
and video services and also hopes to test WiIMAX with an eye on acquiring a mobile
WiMAX license in 2008.

Casema holds a 2.6 GHz license with 144 MHz of bandwidth until 2008 for FWA
applications. It is currently rolling out some base stations and focuses on the business
customer market; an example is offering a wireless broadband connection to festivals and
other events. Such WiMAX network can be put up in a very short timeline. It is
competing against fixed T1/E1 lines and wants to offer its current customer the wireless
extension. It is a similar business case as Enertel/ WorldMAX uses.

However, the focus of Casema is on mobile WiMAX. Therefore, it will most probably
not roll-out a large fixed WiMAX network. Mobile WiMAX fits well into Casema’s
triple/multi play service strategy including the offering of mobile VoIP and IPTV, but
before full mobility will be available it will take time. The roll-out of mobile WiIMAX
will be a phased process eventually leading to mobile WiMAX for handsets. However,
many questions concerning the feasibility of this still remain. Insecurities exist
concerning the capacity of batteries for the mobile WiMAX handsets and the feasibility
of full mobility authentication of WiMAX. The high frequency used and the intended
long signal range of WiMAX result in a high power consumption and therefore strong
batteries are needed. In comparison, the Japanese handsets that offer mobile digital TV
are currently limited to one hour of usage, because of the limited battery capacity. To
overcome this problem Japan is actively researching the possibilities of fuel cell batteries
for these handsets.

4.4. Conclusion

The structured analysis of the model of Figure 16 provided an insight in the external
environment and incumbent rivalry of the Dutch electronic communication industry. This
resulted in an understanding of what the key WiMAX issues for operators in the
Netherlands are. The broadband environment in the Netherlands is extremely unfavorable
for fixed WiMAX deployments. The extremely high rate of broadband penetration and
the demographics of the Netherlands make it difficult for fixed WiMAX to get a
significant market share. The Dutch ‘rural’ areas are widely spread. This makes a
WiMAX deployment that can serve these underserved broadband areas very expensive
and therefore very unlikely.

The regulatory environment of the Netherlands for mobile wireless broadband
applications is very promising. An enormous amount of spectrum in the 3.4-3.8 GHz
bands will most probably become available. However, it will only be available earliest in
the first half of 2008. The availability of certified mobile WiMAX handsets is expected to
be in the first half of 2007, but these products are specified for the 2.3 GHz and 2.5 GHz

49



bands. It is uncertain when certified mobile WiMAX products for the 3.5 GHz band will
reach the market. However, they should certainly be available by 2008, possibly around
the same time as the appropriate licenses will become available.

An issue in the Netherlands is acquiring sufficient sites for WiMAX base stations. This is
an issue for any wireless or cellular network in the Netherlands, because of the strong
opposition to these placements by lobbyist groups and local governments. The WiMAX
operator needs to have a solid strategy for this. Especially, for operators without other
wireless networks, such as Casema, this will be a challenge. Also for Enertel/ WorldMax,
this will be a challenge, because it still needs to acquire a significant number of sites
apart from the sites it uses for its fixed WiMAX network.
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5. The Japanese electronic communication industry and
WiMAX

In this chapter an analysis of the electronic communication industry in Japan and the
strategies and experiences on WiMAX is conducted. Again this is done from the
viewpoint of an operator. The chapter gives an answer to the third research question;
what are the experiences and deployment strategies of WiMAX of operators in Japan?

First, a socio-economic background of Japan is presented, followed by an analysis of the
external environment, an analysis of the industry environment and WiMAX players in

Japan followed by a conclusion.

The framework of analysis specified for the Japanese situation is shown in Figure 18.

Suppliers Economic Drivers
Economic growth
R&D expenditure

Socio-Cultural Driver
WiMAX Forum

<:> Manufacturers

Content providers

Incumbent rivalry

Substitute NTT Group New Entrant
Willcom KD Group Y ozan

Softhank Group

I 2 1

Political/Regulatory Buyers
Driver <:> Broadband demand
MIC High ARPU

Technological Drivers
NICT

ARIBTTC

Liniversities

Figure 18. Framework of analysis specified for Japan

Basic statistic of Japan

Japan has a country size of 3,779,000 km?2 (about 90 times bigger than the Netherlands)
of which 2,511,000 km? is forestland and only 125,000 km? is densely populated. The
population has 127,619,000 inhabitants (almost 8 times larger than the Netherlands). The
population density is high with the number of inhabitants per km2 of land being 338 (1.5
times smaller than the Netherlands) and 65.2% lives in densely inhabited areas. However,
it should be kept in mind that Japan is very mountainous and many areas are not
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inhabitable as opposed to the Netherlands where nearly every area is inhabitable. The
economic growth rate is 1.3% of real GDP (OECD 2005).

In comparison to the Netherland, Japan is also a densely populated country, but the
population spread is much less wide. The majority of the inhabitants live in the southern
coastal region, roughly between Tokyo (most right) and Fukuoka (most left) indicated by
the red areas in Figure 19.
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Figure 19. Population density Japan
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5.1. Socio-economic background Japan

In this section, a brief study of the socio-economic background of Japan is presented. It is
not intended to be a complete analysis of the socio-cultural, economic and political
situation of the Japanese people, society and industry. Three major differences will be
discussed.

51.1. Government intervention

A first important aspect to be discussed is the relation of the Japanese government and
the industry. Variations in government intervention can be attributed, in part, to
differences in the way the markets in various countries are organized, as well as to
differences in ideology (Okimoto 1989). Indeed, the industry structure of a country is a
central determinant of industrial policy, because this structure provides the framework
within which the instruments are designed and applied.

The traditional economic theory’s answer to the question of optimal degree of
competition has always been simple, namely maximum competition. However,
competition may also be excessive. This is a notion that the Japanese government has
taken into account. In the period of Japan’s most rapid growth during the 1950-1973, the
Ministry of International Trade and Industry (MITI)** has actively intervened in
preventing maximum competition. To promote investment and technical change, instead
of permitting maximum competition, MITI has controlled and guided domestic
competition in a purposeful way (Amsden and Singh 1994). In general, competition was
promoted or limited according to the industry and its life-cycle. Competition was
discouraged in young developing industries and in technologically mature industries
intense oligopolistic rivalry among competing conglomerates was encouraged.

The emphases on exports and on maintaining oligopolistic rivalry are key distinguishing
factors of Japanese industrial policies.

This notion of oligopolistic rivalry raises an interesting question on the validity of
Porter’s model on industry structure, pursuing maximum competitive rivalry, for the
Japanese context.

5.1.2. Industry structure

The previous statement that the industry structure of a country is a central determinant of
its industrial policy, is certainly true in the Japanese case. Japan’s industry structure
allowed for an active government intervention. Especially the existence of what could be
called ‘extra-market’ institutions as keiretsu structures, extensive patterns of inter-
corporate stockholding, close relations between the banks and the industry, subsidiary
and subcontracting networks and specialized trading companies. These allowed MITI to
have a direct influence on industry outcome without having to go through the political
channels of the parliament (Okimoto 1989).

** Since 2001 MITTI has been incorporated into the new Ministry of Economics, Trade and Industry (METI)
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Keiretsu structure

The keiretsu groupings are ‘Japanese industrial groupings that bring companies together
in loose affiliation based on either prewar conglomerates, financial ties, or vertical
integration’ (Okimoto 1989, p. 132). Most of the well-known electronics firms in Japan
like Fujitsu, Hitachi, NEC are part of a major keiretsu. The structure is based on a system
of extensive intra-keiretsu stockholding, reliance on the main keiretsu bank for external
indirect financing and stable although not exclusive business transactions. It should be
noted that keiretsu groupings are not closed, monolithic superstructures tightly controlled
by a single holding company, like the prewar conglomerates. It is rather a type of
network relation consisting of ‘a loosely knit, permeable set of industrial networks,
connected through cross-cutting linkages’ (Okimoto 1989, p. 133). Although it is strongly
cohering.

5.1.3. Theory of Firm

On a corporate and business level, the following discussion points out some interesting
differences between firms in Japan and the West. A comparative analysis of the Japanese
firm and the Western (particularly Anglo-Saxon) firm is extensively done by Aoki (1990).
Aoki describes the so-called J-model as a tool for understanding the working of the
Japanese economy and the H-model, the classic agency model of Anglo-Saxon
economists.

The essential factors of the agency model of firm are the following: (1) hierarchical
decomposition of control originating at stockholders, (2) market-conditioned incentive
contracting, (3) the control of the management decision according to the value
maximization criterion (Aoki 1990) .

In Japanese firms there are certain essential factors: (1) horizontal coordination among
operating units based on knowledge sharing, (2) hierarchy of ranks as primary incentive
for employee competition, (3) financial control in a bank-oriented financial system and
(4) managerial decisions based on dual influence of financial and employee interests
(Aoki 1990).

In other words, Japanese firms appear to be less hierarchical in their coordination on
daily operational level, but are more hierarchical in their incentive system based on rank
hierarchy instead of a contracting incentive. To keep organizational integrity in the
Western context of individualistic values, it is necessary to have contractual agreements
on the more hierarchical structuring of internal coordination. In contrast to this clear job
demarcation, in Japan horizontal coordination maintains organizational integrity due to
dominant social values in Japan like respect for status based on for example age, seniority
and level of training.

The corporate management decisions of Japanese firms are not influenced by unilateral
control of the interests of ownership (shareholders), but by dual control of financial
interest (ownership) and employees’ interests. However, the Japanese management is
relatively independent of external financial control in their decision-making, in contrast
to the control of the shareholder in the Anglo-Saxon context.
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This distinction is often referred to as shareholder capitalism of the Anglo-Saxon world,
where the interests of the shareholders is of only importance, versus stakeholder
capitalism of Japan, Germany and others, for which both the interests of employees,
customers and others as well as the interests of sharecholders matter. However, there is a
tendency of convergence to the Anglo-Saxon model (Dore 2005).

As such, an important characteristic of the Japanese system is traditionally lifetime
employment and consequently an inflexible labor market. However, this has slowly
changed in the past 15 years since the economic crisis in Japan in the beginning of 1990°s
when an unprecedented wave of job dismissals took place. A recent indicator could be
the increasing popularity of external recruiter/headhunter companies, many of them
foreign, in the Japanese market.

5.2. External environment of the Japanese electronic
communication industry

5.2.1. Political and regulatory drivers

The main institution that supervises the electronic communication industry in Japan is the
Ministry of Internal Affairs and Communications (MIC), which was formerly known as
the Ministry of Public Management, Home Affairs, Post and Electronic communication
(MPHPT).” Unlike most western countries there is no separation between policy-making
authorities, regulatory authorities and competition authorities. All these tasks are
executed in Japan by MIC.

MIC is actively promoting wireless broadband and has the goal to become a world-
leading wireless broadband environment. The radio spectrum use in the world has
dramatically expanded over the last two decades. Currently, in Japan there are
approximately 103 million radio stations of which about 101 million are mobile handset
terminals. This is an increase of about 27 times compared with 20 years ago. Because of
this rapid increase MIC is making policies concerning a more effective use of the radio
spectrum. Two major aspects of the efforts are in the spectrum reallocation plan and
license system policy (MIC 2006).

The policy of MIC is in principle technology neutral, but has an extra condition of
maximum frequency efficiency. This concretely means that in the same frequency band
different technologies are not promoted, since the larger guard bands needed are
‘wasting’ spectrum.

Radio Spectrum Reallocation

In order to achieve a true wireless broadband environment, an objective formulated in the
‘u-Japan policy’, it is very important to enable the use of large amounts of radio spectrum
for different communication systems, such as cellular systems, wireless local area

 The name of the ministries in Japan seems to be changing rather rapidly, because until 2001 this ministry
was called Ministry of Post and Electronic communication (MPT).
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network (WLAN) systems and future mobile broadband wireless access (BWA)
systems.

In achieving this MIC has formulated the Guidelines for Radio Spectrum Reallocation in
which the basic concepts of the radio spectrum reallocation process are described (MIC
2003). The policy of MIC consists of the plan to examine the reallocation of spectrum in
order to free an amount of about 330 to 340 MHz of bandwidth. This spectrum will be
secured mainly in the 1.7 GHz band for the use of cellular communication systems and in
the 2.5 GHz band for the use of mobile broadband wireless access (BWA) systems.
within a period of 5 years (MIC 2005).

In this context a benefit system for existing radio spectrum users, whose frequency use
will come to an early end, has been introduced to assist them with expenses that normally
arise when the said period of use comes to an early end. This should facilitate a quick
frequency reallocation process.

An overview of the measures, which MIC is taking to achieve its goal, is shown in Figure
20. Important to note is that MIC has a separate study to promote BWA on a national
level, in contrast with the Dutch case where a project team for BWA is operating on a
European level (ERO). It is expected that the results and findings of this study group of
MIC is more directly influencing the state of the Japanese industry than is the case in the
Netherlands.

Goal: To build a world-leading wireless broadband environment

Growing needs for the future

~ > ~>

Strategies ;
for future spectrum management SEIEE R IDmE

Establishment of Rules Overall Review of the
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Figure 20. Measures for promotion of efficient use of frequency
Source: MIC, 2005

*% The ‘u-Japan policy’ was announced by MIC in December 2004 with the aim of achieving a ‘ubiquitous
network society’ in which ‘anything and anyone’ can easily access networks and freely transmit
information ‘from anywhere at any time’ by 2010.
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Furthermore, the introduction of a registration system in opposition to a licensed system
could turn out to be a driving factor for the rapid development of wireless broadband in
the electronic communications industry in Japan.

Deregulating the spectrum

MIC has implemented a deregulation policy with regard to wireless systems for shared
spectrum use by introducing a post-check registration system. This system will be
coexisting next to the existing pre-check licensing system while the spectrum order is
maintained. The consequence of this introduction is that it becomes possible to register
multiple radio stations with the same mode of use in one time. Previously the radio
stations had to be individually licensed based on detailed information. Additionally,
individual radio stations can now be freely established using this registration system,
while the detailed information on it can be reported subsequently. The aim of this
revision is to dramatically accelerate and simplify the procedure for setting up a radio
station and it is expected to promote a more flexible use of radio spectrum.

An instant result of the introduction of this post-check registration system has indeed
been a development in the industry in the form of the introduction of a new innovative
technology. Cellular operator Yozan immediately recognized the opportunity of this
registration system and of WiMAX. Yozan is using the 4.9 GHz band for one of the
world’s first commercial deployment of a fixed pre-WiMAX system.”’ It benefits from
the first come first serve principle, which gives Yozan the priority of using the spectrum
above other operators. These operators have to make use of carrier sensing mechanisms
to avoid interference with Yozan.

License system

The current license selection process is based on a beauty contest, unlike in the
Netherlands where often an auction principle is used. For the license a nominal fee has to
be paid to MIC. The obvious advantage of this system is the low cost for the operators,
which could facilitate innovation and a fast network roll-out, possibly creating end-user
benefits. The disadvantage could possibly lie in the degree of objectivity of the decision
process. An interesting fact is that no independent telecom regulator exists in Japan. Both
the policy making and regulating task are done by MIC.

A license can not freely be traded among operators and it should be giving back to MIC
when the new owner plans to use a different business model for it. If the new owner of
the spectrum license will offer the same services using the same technology than the
license can be traded between operators. A recent example of this is Softbank (a previous
wired line only operator) which acquired Vodafone Japan including its mobile license. In
order to keep the newly acquired license Softbank will have to continue offering the old
Vodafone services using the same technology. However, Softbank had to return its other
cellular license, which it had recently acquired, to MIC, because of fair competition
issues.

27 Airspan and Yozan Announce Expansion of Japan’s first WiMAX Network, Combined WiMAX and Wi-Fi solution will deliver
self-installable voice, video and data services, Press release Mar 11, 2005
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Frequency opportunities for WiMAX

It is important to understand what the possibilities for WiIMAX in Japan are considering
the availability of spectrum. As previously mentioned, the WiMAX Forum has devised
system profiles, based on a market driven approach, specifying the operating frequency
and other parameters. For fixed WiMAX the initial focus is on the 3.5 GHz and 5.8 GHz
frequencies and for mobile WiMAX on the 2.3 GHz, 2.5 GHz and the 3.4-3.8 GHz
frequency bands.

The study group for Wireless Broadband Promotion has conducted a preparatory study on
the technological aspects of BWA systems and its frequency options. The study group
consists of members from various fields both internal industry actors as external actors.
The government, the industry and the research centers and universities are joint in this
study group.

In the second phase a Ministry Council Committee is formed. The members of this
council committee consists of only public associations and institutes like Association of
Radio Industries and Businesses (ARIB), Telecommunications Technology Council
(TTC), National Institute of Information and Communication Technology (NICT) and
university professors. The members should be objective people and therefore members of
private organizations are excluded from this council committee.

The final phase of the process consists of another ministerial council, the Radio
Regulatory Council. Its task is to make a final decision on the technical regulation and
based upon this decision the licensing policy will be formulated. This decision will be
made around the middle of 2007, a crucial moment for the success of mobile WiMAX in
Japan.

2.5 GHz

The study group of Wireless Broadband Promotion advised to use the 2.5 GHz band for
BWA systems and it should consider the following systems IEEE 802.16 (WiMAX),
IEEE 802.20 (i-burst and Flash OFDM) and Next Generation PHS. In contrast with the
Netherlands where most probably the 3.4-3.8 GHz bands will have opportunities for both
fixed and mobile WiMAX

There is 70 MHz (2535-2605 MHZ) available. This excludes the necessary frequency
guard band, which is necessary in order to avoid interference between the different
systems. The bandwidth of 70 MHz could facilitate two licenses for BWA. This means
that only two operators could deploy a BWA system independently or otherwise the
operator has to function as a Mobile Virtual Network Operator (MVNO).

Additional spectrum could be available in this 2.5 GHz band. Now satellite systems are
operating in this 2.5 GHz band. At 2500-2535 MHz a mobile satellite system is being
operated and at 2605-2630 MHz quasi-zenith satellite system would be operating. This
quasi-zenith satellite system is mainly being developed in Japan, but private companies
withdrew from these projects, because of the weak Japanese economy of last decade.
Now only the Japanese government is supporting this project. However, it is expected
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that also the government will withdraw, making the spectrum available to be assigned to
BWA applications and thus creating space for three licenses instead of just two.

Considering the numerous technical proposals for mobile WiMAX systems and the
expectation of global adoption, the council regards WiMAX as the most important
technology competitor for this spectrum (Nitta 2006).

The coming year will turn out to be a crucial year for the future opportunities of mobile
WiMAX in Japan. It is expected that three maybe even four licenses will be available for
BWA systems in the 2.5 GHz band. I expect two or three licenses for WiMAX systems
and one license for Next Generation PHS.

5.2.2. Economic drivers

The external economic drivers of the Japanese electronic communication industry will
only be discussed briefly, because a more elaborate discussion of the Japanese economy
does not fit within the scope of this research project.

The Japanese economy is recovering after more than a decade of economic downturn.
The economic growth rate has been 1.3 % of real GDP in 2003 and it is expected that the
potential growth rate over the period 2004-2010 could be 1.6 % (OECD 2005).

An important economic driver for innovation and industry development is the business
R&D intensity. In Japan, the R&D expenditures account for 3% of GDP, the third highest
in the OECD region. It is important to note that an exceptionally large share is funded by
the industry sectors. This is in sharp contrast with the 1 % of GDP for R&D expenditures
in the Netherlands.

It is assumed that the economic growth will have positive effect on consumer spending
and demand for communication services, including WiMAX services. It is further
assumed that the large R&D spending of the Japanese business industry will have a
positive effect on the development and innovation in the electronic communication
industry, including the WiMAX industry.

5.2.3. Socio-cultural drivers

The opposition against radiation in relation to health issues has not been observed in
Japan as it has in the Netherlands. The Japanese public seems to be less concerned about
this or is just indifferent towards it. In the several interviews held with electronic
communication specialists in Japan the issue was most often de-emphasized. It was
indicated that the signal strength for WiMAX is not higher than for other 3G technologies
and therefore health issues will not be a critical aspect for the success or failure of
WiMAX in Japan.

However, it has been indicated that the willingness of property owners to approve the
placement of new base stations for any mobile or wireless technology is becoming more
critical. However, the large operators NTT Docomo and KDDI already have acquired
enough sites for base stations. It would thus only be an issue for new entrant operators.
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As is the case for the Netherlands, also in Japan the WIMAX Forum is the major driver to
make WiMAX successful in the electronic communication industry. It does not merely
influence the industry, but is actively leading the introduction of WiMAX into the
industry.

One of the major drivers behind this WiMAX Forum is Intel Corporation. Intel’s
objective is to increase profit by selling large amounts of WiMAX chipsets incorporated
in fixed and portable devices and eventually into mobile handsets thereby reaching an
enormous customer base. The strategy of Intel is highly significant in the world.
Therefore, the success of WiMAX is not only determined by technological issues, but
also by Intel’s global strategy on WiMAX.

However, the support of the WiMAX Forum and Intel in promoting WiMAX does not
guarantee that WiMAX will become a success in Japan. Even an international giant
company like Vodafone, being one of the largest telecom operators in the world, did not
manage to be successful in Japan (Oobuchi 2006).

5.2.4. Technological drivers

The key driver for change in the state of the electronic communication industry is the
introduction of new innovative technologies and communication standards. Important
drivers in aiding the introduction of new technologies are the extensive R&D centers in
Japan®®, the Japanese standardization bodies and the role of Japanese universities in the
electronic communication industry.

National Institute for Information and Communication Technology

Yokosuka Research Park (YRP) is a wireless technology R&D center of the National
Institute for Information and Communication Technology (NICT), which is a government
‘owned’ research institute. YRP houses one of the largest R&D centers in the world for
3G and future 4G technologies. Important to understand is that the Japanese cellular
operators play a leading role in these research and development activities. NTT Docomo
and KDDI both have large in-house R&D centers. In contrast with Dutch cellular
operators, who are much less involved in R&D activities.

In close relation with Japanese equipment manufacturers, NTT Docomo and KDDI are
doing extensive research on wireless broadband focusing on WiMAX. NTT Docomo has
formed a wireless broadband promotion research program in which they are researching
the technological capabilities of mobile WiMAX.

Other important research activities are tests of seamless cell handovers between various
technologies as W-CDMA, WiFi and WiMAX.

Standardization bodies

The Japanese standardization bodies Association of Radio Industries and Businesses
(ARIB) and Electronic communication Technology Council (TTC) are closely related to
the Minister of Internal Affairs and Communications. Their activities focus on spectrum
utilization and they are actively participating in the Wireless Broadband Promotion study
group and council of MIC.

¥ Keeping in mind that R&D expenditure accounts for 3% of real GDP in Japan
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Their standardization activities focus mainly on International Telecommunication Union
(ITU) standardization activities and not on IEEE 802.16 standards. However, ARIB has
standardized the Personal Handyphone System (PHS), a homegrown Japanese cellular
system, under the ITU. Currently, it has proposed Next Generation PHS to the ITU and
waits for acceptance. This mobile wireless broadband system is planned to be deployed
by Japanese cellular operator Willcom. This will be a strong competitor of mobile
WiMAX systems. As mentioned in § 5.2.1, it is expected that Willcom will obtain one of
the 2.5 GHz licenses for its Next Generation PHS system.

Universities

The role of Japanese universities in the Japanese electronic communication industry
should not be underestimated. Professors of these universities often hold key positions in
the standardization bodies like ARIB and TTC and they often chair ministerial study
groups and councils, as is the case for the Wireless Broadband Promotion study group
and council, which studies mobile WiMAX among others.

5.3. Industry environment of Japan’s electronic
communication industry

In the previous section, a PEST analysis has been conducted in order to get a better
understanding of the external environment of the electronic communication industry in
Japan. In this section, an analysis of the industry environment of the Japanese electronic
communication industry is executed.

In Figure 4 (Chapter 2) the five elements suppliers, buyers, new entrants, complementors
and the incumbent rivals of the industry environment of an industry and its relations with
the external environment are shown. The Japanese operators are at the core of this and
represent the incumbent rivals in this analysis. It has been observed that in Japan mainly
the cellular operators have shown interest using WiMAX, especially mobile WiMAX.
These operators are doing research on the possibilities of WiMAX for them and are
executing small scale trials. Therefore, the focus of this analysis will be on mobile
WiMAX and the Japanese cellular operators.

Before discussing the WiMAX activities and experiences in Japan, first the Japanese
electronic communications industry will be presented.

5.3.1. The incumbent rivals

In the past, the formerly state-owned Nippon Telegraph and Telephone Corporation
(NTT) had the monopoly for national communications and Kokusai Denshin Denwa
Corporation (KDD) had the monopoly for international communications. Since the
privatization of NTT the Japanese electronic communication industry has dramatically
restructured and currently three dominant operator groups have emerged; the NTT Group,
the KDDI Group and the Softbank Group. These industry groups are all active in most or
all segments of the electronic communication industry.

NTT Group

The NTT Group is the largest player and consists of several group companies including
NTT Communications for long distance/international communication, NTT East and
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West offering ADSL and FTTH services and NTT Docomo for cellular communication.
The largest investor behind this group is the Japanese government, which gives it a strong
foothold in the market.

The NTT Group has a strong presence in the broadband market with both ADSL and
FTTH services offering. On November 2, 2004 NTT Group announced a five year plan
(2005-2010) to roll out a national optical IP network. It aims to offer 30 million FTTH
connections until the year 2010 and plans to invest US$ 24 billion in this period.

NTT Docomo operates both a 2G and 3G network and is the largest cellular operator in
Japan, both in terms of revenues and customers. For its 3G network NTT Docomo is
using the WCDMA technology. By the end of August 2006 it will launch a HSDPA
network initially covering central Tokyo and expanding to 90 % national coverage by the
end of 2008. HSDPA enables a theoretical maximum data transmission speed of 14.4
Mbit/s for the downlink, but the first available handset by NEC only handles a maximum
of 3.5 Mbit/s.

KDDI Group

The KDDI Group, a merger from KDD, fixed domestic operator DDI and mobile
operator AU Corporation among others, is active in the broadband, cellular and fixed line
market. The key investors of the KDDI Group are the Toyota Motor Corporation and
Kyocera Corporation. KDDI is moving towards an ‘all-IP’ network and plans to complete
this by the end of 2007. KDDI is one of the first in the world to have an ‘all-IP’ network.

KDDI has been active in the FTTH business and formed an alliance with Tokyo Electric
Power Company (TEPCO), which owns fiber optic networks, in order to reduce
dependence on the fiber lines of the NTT Group.

KDDJ/au operates a 3G network and a 2G network under the name Tu-Ka and is the
second largest cellular operator. KDDI has deployed a 3G network using the
‘CDMA2000 1x Evolution-Data Optimized (EV-DO)’ system and will expand this
system with an ‘EV-DO Rev.A’ data infrastructure from December 2006. This will
increase the uplink speed to maximum 1.8 Mbit/s and the downlink speed to 3.1 Mbit/s.
KDDI is the first operator in the world commercially deploying such system.

Softbank Group

The Softbank group is well known in Japan for its aggressive entry strategy in trying to
get a large share of the Japanese broadband market. The company had formed a large
sales force of young part-timers, who were handing out free ADSL modems to potential
customers on the street, a quite peculiar approach in Japan. Softbank dramatically
reduced its ADSL access charges forcing NTT and KDDI to follow. This was a driving
factor for Japan’s broadband market development resulting in the lowest ADSL tariffs in
the world. The broadband service ADSL or FTTH is offered under the name Yahoo BB!
At the core of the Softbank Group stands content provider Yahoo Japan, fully
independent of Yahoo USA. Yahoo Japan service offerings consist of content,
eCommerce, transactions, auctions, etc. Yahoo Japan is held responsible to have
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successfully prevented global internet auction house eBay in achieving a strong position
in the Japanese market.

Recently, Softbank has extended its operations into the cellular market by acquiring the
2G and 3G mobile networks of Vodafone Japan for US$ 15 billion. Softbank says it will
invest US$ 2.13 billion in the nation-wide 3G WCDMA network increasing the number
of base stations with 10,000 to 30,000 base stations by March 2007.

Softbank previously obtained a mobile license in the 1.7 GHz band, but now it has to
return this license to the MIC. Basically, Softbank has bought time by acquiring the 3G
network of Vodafone Japan instead of deploying such network from scratch.

Broadband market

In the last five years, the number of broadband internet access service subscribers has
dramatically increased from 1.26 million in June 2001 to 20.6 million in June 2005
(InfoCom Research 2006, p.59). This is largely because of the substantial growth in the
ADSL Internet access, which accounts for almost 70 % of all broadband service users in
June 2005. However, since 2003 the growth of FTTH has become very prominent and as
of June 2005 more than 3 million FTTH users exist (Figure 21).
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Figure 21. Broadband internet subscribers in Japan
Source: InfoCom Research, 2006

This trend has continued in 2006 and as of March, Japan has 5.5 million FTTH users.
Currently, the growth rate of FTTH users is larger than the decreasing growth rate of
ADSL users.

ADSL

The ADSL market in Japan is controlled by three major operators NTT West, NTT East
(belonging to the same NTT Group) and Softbank BB of the Softbank Group. In the
Eastern area of Japan, NTT East has 38.1% market share and Softbank BB has 31.4%
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market share as of March 2006. Combined they have almost 70% of the market. In the
Western area of Japan, Softbank BB has 39.1% market share and NTT West has 38%,
combined the two operators have more than 75% of the market (InfoCom Research 2006).

FTTH

As for the FTTH market, NTT East and NTT West are together holding the majority of
market share, nearly 60% as of December 2004. However, it should be mentioned that
operators cooperating with electric power companies, for example KDDI’s alliance with
TEPCO, have been increasing their share in the FTTH market.

FwA

The only area in which the number of subscribers is decreasing is the FWA area. The
number of FWA connections in Japan has decreased in the first quarter of 2006 by 4,000
to 16,000 FWA connections.”’

Costs

As mentioned earlier the costs for broadband access in Japan are the lowest in the world
and the average speed of ADSL access is among the highest globally (Figure 22). The
costs for 1 Gbit/s FTTH is around US$ 25/month.
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Figure 22. Cost and speed of access for different countries
Source: Pareek, 2006

Cellular market

Three operators NTT Docomo group, KDDI/au group and Vodafone group, acquired by
Softbank Group, dominate the cellular market in Japan®. At the end of 2004, there were
nearly 87 million mobile users in Japan. The NTT Docomo group had a 56.1 % market
share against a 22.5 % share of the KDDI/au group and a 17.3 % share of the Vodafone
group (Figure 23). The Tu-Ka group is full subsidiary of the KDDI Group and offers 2G

*% < Japanese broadband subscriber base still rising’, TeleGeography’s CommsUpdate, June 2006 at
www.telegeography.com
3% Softbank has re-branded Vodafone to Softbank Mobile.
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services. These figures included both 2G and 3G subscribers. Especially the NTT
Docomo group has a large 2G subscriber base. It should be noted that mobile number
portability is still not possible in Japan largely benefiting the NTT Docomo group.
However, as of October 2006 mobile number portability will be possible and market
dynamics are expected.
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Figure 23. Number of cellular subscribers and market share
Source: InfoCom Research, 2006

For all groups the number of 2G subscribers is decreasing while the number of 3G
subscribers is increasing. As of August 2006, NTT Docomo has more than 27 million 3G
W-CDMA subscribers while KDDI/au has more than 23 million 3G CDMA2000 1x
subscribers. The Vodafone group is seriously lagging behind in the 3G cellular market
with just over 4 million W-CDMA subscribers. The Softbank Group will be determined
to bridge this gap possibly aided by the introduction of the mobile number portability.

5.3.2.  Suppliers

One of the most distinguishing aspects of the Japanese cellular industry is that it is
operator-led. The operator is at the center of the value web and functions as the spider in
this web. It controls the equipment manufacturers and the content providers. This differs
from the European case, where also the equipment manufacturers like Nokia and
Ericsson have considerable power in the industry.
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Equipment manufacturers

Operators and equipment manufacturers work closely together in tightly knit groups and
supply the market with handsets and other portable devices. The cellular operator has the
ownership of the handset. The Japanese subscriber must first select the operator and then
choose the mobile device. The choice of the subscriber is thus limited to the ones offered
and branded by the selected operator. The handsets in Japan do not have a separated SIM
card, as is the case in Europe, but this is integrated into the handsets. So if a subscriber
wants to change operator it also has to get a new handset. As such, the operator in Japan
is dominant rather than the equipment manufacturer. This is in opposition to Europe
including the Netherlands where the equipment manufacturers Nokia, Motorola and
Ericsson have more power in the industry.

This structure also prevents major foreign equipment manufacturers like Nokia and
Motorola to get a large market share in the Japanese cellular market.

In the case of mobile WiMAX this raises a critical point. Since the Japanese market is
mainly equipped by Japanese manufacturers and because of the strong competition
between the cellular operators, there does not seem to be equipment manufacturers
available able to produce mobile WiMAX terminals in Japan. The companies NEC,
Fujitsu, Matsushita and Hitachi are focusing on 3G/3.5G terminals for HSDPA and
CDMAZ2000 1xEVDO usage. This demands large investments of the manufacturers and
reduces their ability to invest in producing WiMAX terminals (Hattori 2006).

Content providers

Another distinguishing aspect is the relation of the operator with the content provider in
Japan. The relation is rather tightly controlled by the operator and it can be argued that
there are no real free or independent content providers in Japan. In the case of the
Softbank Group, this is straightforward; the content provider Yahoo Japan being a fully
owned subsidiary of Softbank.

Additionally, the way revenue is shared between the cellular operator and the content
provider is a peculiarity of the Japanese cellular market. The majority of the content fees
is passed by the operator to the content provider after retaining a commission. However,
the content providers do not get any revenue of the traffic that the content sites generate.

5.3.3. Buyers

Buyers’ behavior of electronic communication services has not been studied in depth in
this research report, because of the pre-mature state of WiMAX networks in Japan, the
initial fixed and portable usage scenarios of mobile WiMAX and the complementary role,
which WiMAX is most likely going to have in Japan. However, it is worth mentioning a
few aspects.

The increasing customer demand for broadband services on a global level is important.
This is especially the case in Japan where the mobile data market is highly developed in
terms of number of users and revenue. This already causes congestion to occur in the
current 3G networks and it will get worse due to the increasing demand for bandwidth.
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A second important aspect is the revenue earned of these electronic communication
services. Japan has one of the highest ARPUs in the world meaning that the Japanese
customer is willing to pay for these services.

Both aspects, the increasing demand for bandwidth and the high APPUs, are positive
indicators for the opportunities of WiMAX in Japan.

Furthermore, the movement of cellular customers between the individual industry groups
is rather static, because of the lack of mobile number portability. However, in October
2006 number portability will be introduced. As a result, market dynamics are expected.

Services

As was mentioned earlier both the supply-side and the buy-side are of crucial importance
for the electronic communication industry to function. A telecommunication
infrastructure only becomes beneficial when services are offered that the customer is
willing to pay for. In the case of WiMAX, high speed broadband data will initially be the
most important service to offer. According to Oobuchi (2006) WiMAX will first be used
in Japan to offer broadband data, and later when a nation-wide network is deployed VoIP
services can be offered. The offering of IPTV using WiMAX is quite complicated in
Japan. The broadcasting industry is a strongly regulated industry in Japan and the
national broadcaster NHK has a strong influence on it. Therefore, it is difficult for
operators using WiMAX to get involved in this industry (Oobuchi 2006). However,
Yozan (§ 5.4.1) is carrying out experiments with NHK to offer live broadcasting services
over WiIMAX. Currently, Yozan uses its fixed pre-WiMAX network to offer broadband
data only (Mochizuki 2006).

Mobile operator KDDI/au (§ 5.4.2) plans to use mobile WiMAX to increase the capacity
of its current network in order to offer more bandwidth at cheaper rates to its customers.
Thus, KDDI also wants to use WiMAX to offer broadband data. Additionally, KDDI is
researching the possibilities of offering VoIP services by using WiMAX. Since WiMAX
supports the IP protocol and KDDI is actively moving towards an ‘all-IP’ network, VoIP
seems a promising opportunity for KDDI. However, according to Hattori (2006) VoIP is
an immature technology now. If an operator wants to use WiMAX for voice services then
a good QoS is required.’’ To guarantee such high QoS level large investments in the
WiMAX network needs to be made done, making it expensive to deploy. This largely
diminishes the cost-effective competition benefit of WiMAX over other technologies
(Hattori 2006).

5.3.4. New entrants

The Japanese electronic communications industry is tightly controlled by the large
vertically-integrated incumbent groups, who have a close relations with MIC and R&D
centers. This makes it extremely difficult for new entrants to enter the market. However,
MIC has recently undertaken several actions to reduce the entry barriers by making
spectrum available for new entrants.

3! In Appendix E, more information on the technical capabilities of WiMAX, including its QoS support, is
presented. Especially, the section on the MAC layer of the IEEE 802.16 standard is relevant here.
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Two operators eAccess and [PMobile have obtained cellular licenses and are planning to
enter the cellular market with 3G/3.5G systems somewhere at the end of 2006 or in 2007.
In the context of WiMAX, operator Yozan has a ‘registrated’ license in the 4.9 GHz band
and is deploying fixed WiMAX with future plans to get into the mobile WiMAX business.
A more in-depth discussion on Yozan is presented in § 5.4.1.

5.3.5. Substitute

The Personal Handyphone System (PHS) is a communication system developed by the
Japanese industry. Currently, only Willcom is active in the PHS market in Japan while
the other PHS operators are shutting down their operations.

Willcom is developing a new mobile BWA system called Next Generation PHS and has
started a field trial. Willcom’s current PHS system has nearly 4.2 million subscribers in
August 2006. This PHS system sends data of 1 Mbit/s or more both downlink and uplink
using a TDMA/TDD access technology. Willcom offers flat-rate voice and data service.
The Next Generation PHS system should send data of 20 Mbit/s both down- and uplink
using OFDMA and TDMA/TDD access technologies. Mobile WiMAX is based on very
similar technologies. Both systems can also make use of MIMO and smart antenna
technologies. It is positioned as one of the next generation mobile BWA systems in Japan.
In designing the Next Generation PHS system a certain synergy between the two systems
is desired for reasons like spectrum efficiency (Kinoshita 2006).

Strength of PHS

One of the major strengths of PHS is the fact that it is based on a micro-cell topology
creating a huge capacity. The micro-cell network is a network, which exists of cells with
a radius of about 2 kilometers in the urban or residential areas. However, in very high
dense urban areas, like down-town Tokyo, the size of the cell reduces to 500 meters. For
outdoor-coverage not that many base stations are needed, but for indoor-coverage many
base stations are needed to be able to offer quality services.

Willcom has deployed around 40,000 base stations in the past 10 years in Tokyo only.
Compared with a cellular operator like NTT Docomo, which generally deploys a few 100
base stations in the Tokyo area for its W-CDMA network, the number of base stations
Willcom deploys is about a factor 100 larger. This results in a much larger bandwidth
capacity for Willcom resulting in less congestion in each cell.

Because base stations of 3G networks of NTT Docomo and KDDI cover a wide area,
many users end up sharing the same frequency band. The data rates are decreasing
strongly when a network cell contains many users. This limited capacity and the
increasing bandwidth demand growth causes congestion in these networks. This problem
has to be overcome and WiMAX can possibly provide the solution as overlay network
backhauling the extensive traffic.

Weakness of PHS

The difficulty of deploying a micro-cell network is the acquisition and placement
agreements of all the sites and the installation of the many base stations making the roll-
out process very time consuming and costly. Already in 1995, Willcom started the
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deployment of its nation-wide PHS network and it plans to upgrade this network to Next
Generation PHS.

Global market

For the success of PHS and Next Generation PHS it is necessary to address a more global
market. The Chinese PHS market plays an important role herein. Economy of scale is
necessary for the prices of the Next Generation PHS base stations to decrease.

Globally the deployment of PHS systems has about 80 million customers (InfoCom
Research 2006). China is by far the biggest market. China Telecom and China Netcom
have around 90% of these customers. Other countries where PHS systems have been
deployed are Taiwan and Thailand. These markets are also good growth markets for the
Next Generation PHS system.

Conclusion

I expect that Willcom will obtain a 2.5 GHz license for its deployment of Next
Generation PHS. Willcom will compete with the cellular 3G/3.5G operators and with
mobile WIMAX. However, the vertically integrated business model of the Japanese
cellular market, does not make it easy for smaller operator to obtain a large market share.

5.4. WIiMAX players in Japan

As has been observed in previous paragraph, the Japanese electronic communication
industry is a well-developed industry with a high DSL penetration rate, an increasingly
growing FTTH penetration and a cellular market of more than 92 million subscribers on a
total population of 127 million. When additionally taking into account the geography of
Japan, the demography and population density in the coastal area, the Japanese market
seems to be saturated. Furthermore, three large incumbent operator groups dominate the
electronic communication industry. This oligopolistic rivalry and the vertically integrated
industry  structure make it extremely difficult for new entrants and
substitutes/complementors to get a significant market share.

So, what role can WiMAX as a new technology have in such a highly developed and
tightly controlled market? In this paragraph an analysis of the WiMAX activities and
experiences of operators and their usage scenarios and deployment plans are executed. It
starts briefly with fixed WiMAX before elaborating on mobile WiMAX, the version
attracting the most attention by far.

5.4.1. Fixed WIMAX

Currently, there is only one electronic communication operator focusing on the fixed
WiMAX technology. This is Yozan, who is deploying a fixed pre-WiMAX network. The
roll-out of the fixed pre-WiMAX network is lagging behind mainly because of
operational issues. As of August 2006 it has deployed around 300 base stations instead of
the planned 3,000 due to December 2005. Yozan has committed itself to increase the
number of deployment teams in order to catch up. The deployment plan for Tokyo is to
roll-out 3,000 base stations and 30,000 terminals. The total expected CAPEX is around
USS$ 50 million (Mochizuki 2006).
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There are several reasons why Yozan deployed a pre-WiMAX network using the 4.9Ghz
band. First of all, the spectrum was not used and Yozan was the first to use it. The
licensing falls under the new regulatory registration system (see § 5.1.1). An important
aspect of this licensing system is that a second operator using the same spectrum has to
make use of carrier sensing technologies to avoid interference with Yozan’s operations.
Yozan has the first rights of way. Secondly, a license of this 4.9 GHz band is cost free.
Thirdly, a large amount of 100 MHz spectrum is available.

Besides these spectral aspects, Yozan already owned BS sites of a PHS network, acquired
from Tokyo Electric Power Company (TEPCO), and should therefore be in the position
to facilitate a fast roll-out of the fixed WiMAX network.”

In the future Yozan clearly wants to obtain a license in the 2.5 GHz band for mobile
WiMAX applications. It is important to keep in mind that the 802.16e standard on which
mobile WiIMAX is based has been designed for portable and mobile access, but it will
also support fixed and nomadic access. Yozan is much interested to obtain such license,
but according to Mochizuki (2006) it is not absolutely necessary. It can also operate as a
MVNO, if for example NTT Docomo and KDDI/au obtain the 2.5 GHz licenses.

Currently, Yozan does not have many customers using their WiMAX services. It says it
is now not just concentrating on getting a large customer base, but is merely trying to
establish a solid position in the market. Yozan is trying to create this position by
establishing good relations with several parties in the industry, for example with TEPCO
and NTT Communications both owning fiber optic networks. Additionally, it is now
important to get familiar with the technology and its operational issues.

On the longer term Yozan is aiming on a customer base of about 900,000 users of the
total broadband users in Tokyo in order to be profitable. This corresponds to about 30 %
of the Tokyo broadband market (Mochizuki 2006).

Future for fixed WiMAX

Besides Yozan there is not much interest in the fixed WiMAX standard. This has to do
largely with the high DSL penetration and the rapid growth of FTTH networks, which is
stimulated by the government. This makes it difficult for fixed WiMAX to get a place in
the market. Therefore, most industry attention is directed to mobile WiMAX in Japan.

It is expected though that fixed WiMAX will take its growth in the market again in a later
stage of its development in combination with fiber optic networks (Naoe 2006). The goal
of MIC in cooperation with the operators is to realize a complete backbone of fiber optics
in Japan. In 2010 the realization of such nation wide fiber optic network should become a
reality. It is expected that the extensive fiber network will greatly stimulate the customers
demand for broadband. The fiber network will not be deployed to the individual homes,
because of the high costs, and therefore the last mile could be a good market opportunity
for fixed WiMAX.

32 Yozan bought the PHS network for a symbolic gift of 1 yen from Tokyo Electric Power Company
(TEPCO) and received a business gift of US$ 80 million.
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5.4.2. Mobile WiMAX

In Japan, the industry is clearly focusing on mobile WiMAX for future possible mobile
BWA deployments. There is a growing interest towards mobile WiMAX. Initially, the
major cellular operators, NTT Docomo and KDDI, rolled out mobile WiMAX network
trials, but are now followed by Softbank and fixed broadband operator ACCA networks.
The most ‘aggressive’ player on mobile WiMAX is KDDI.

KDDI

KDDI already has invested strongly in its nation-wide CDMA network and has upgraded
this to 1x EV-DO. Therefore, KDDI will not deploy a nation-wide WiMAX network.
Mobile WiMAX is expected to be a part of an overlay system and will be complementary
to the 3G cellular system of KDDI. The addition of mobile WiMAX is to achieve higher
data rates in areas where a lot of congestion exists. Thus, it will be primarily applicable in
high dense urban areas where the demand for broadband is high and increasing.

The setup of the network must be a dual mode type and thus the terminals must be dual
mode as well, but how is still largely uncertain (Nohara 2006).

Currently, KDDI is conducting mobile WiMAX trials to evaluate the technological
capabilities of mobile WiMAX. Based on the results of the trials and studies a better
decision can be made on how to use mobile WiMAX. At this moment it is not precisely
known how to deploy and commercialize mobile WiMAX.

The main goal of incorporating mobile WiMAX into KDDI’s future all IP-network is to
be able to offer data transmission at cheaper rates. The general trend of growing traffic
demand of users and their unwillingness to pay for the higher bills demands a lower bit
rate price (Nohara 2006).

KDDI also wants to offer VoIP services and this should be seen in the context of KDDI’s
overall strive to do ‘everything over IP’ in the future. A good balance needs to be found
between the offering of cellular voice services and VoIP services and their respective
revenues. This is a difficult task and is yet unclear, but the global tendency is towards
VolIP.

Trial experiences

KDDI developed an IEEE 802.16e-based mobile WiMAX system and has conducted
field trials in Osaka since July 2005. In the trial, three 802.16e access points are
collocated on existing 3G cellular base stations and a test terminal receiver is used on-
board a vehicle in the form of card for a laptop. However, in the future it is also intended
to build handsets with mobile WiMAX.

The transmitting frequency that is used is in the 2.0 GHz band, because KDDI already
has a license for the use of this frequency. The parameters measured are the receiving
power and the throughput while moving at a speed of less than 60km/h. Testing higher
speeds is not possible in the trial setup, because the trial is not executed on a highway but
in a residential area.

According to Nohara (2006), mobile WiMAX is capable of broadband transmission even
at speeds of 120km/h. The expected capabilities of mobile WiMAX, from the
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fundamental propagation to the applications such as VolIP and video streaming,
successfully confirmed through the trials.
It is yet unclear when the first commercial trials can start.

NTT Docomo

Like KDDI, cellular operator NTT Docomo is also interested in mobile WiMAX. In the
YRP R&D center NTT Docomo is operating a Wireless Broadband Promotion program
and is currently executing a year-long trial with mobile WiMAX using the 2.5 GHz band
in Tokyo. It is one of the most important projects of Docomo’s R&D activities,
emphasizing the focus on mobile WiMAX.

The trial is analyzing how mobile WiMAX can play a role in its existing network. NTT
Docomo says not to be committed to WiMAX, but takes a technology neutral standpoint.
Important for NTT Docomo, is to evaluate the capabilities of mobile WiMAX. When this
is clear they will develop a business plan (Hiramoto 2006).

According to Hiramoto (2006), the main problems with mobile WiMAX are
authentication issues like seamless cell handovers.

It has not been indicated which usage scenario NTT Docomo initially will use for mobile
WiMAX deployments. I expect that NTT Docomo will use mobile WiMAX as an overlay
network backhauling excessive traffic to solve congestion problems in its W-
CDMA/HSDPA network.

Softbank Group

Softbank will start mobile WiMAX trials in Tokyo from September 2006 and has
selected Motorola, one of the largest mobile WiMAX equipment manufacturer, for
deploying five WiMAX access points and 25 prototype WiMAX mobile handheld
devices. The trial will evaluate the effectiveness of mobile WiMAX as a BWA
technology and its potential to be integrated into Softbank’s service offering. It is not
clear for which usage scenario’s Softbank is intended to use mobile WiMAX. It could be
as the wireless extension of its ADSL network or as a complementary technology for its
newly acquired 3G network in a similar as KDDI and NTT Docomo.

The trial will focus on performance capabilities as throughput, range and speed of
network handovers between access points of mobile WiMAX in the 2.5 GHz band.’”
Additionally, it will test MIMO capabilities of Motorola’s WiMAX products.

Motorola focuses its business directly on mobile WiMAX equipment and skipped
producing fixed WiMAX equipment altogether. Considering the vertically integrated
structure of the Japanese cellular market, it is peculiar of Softbank to select a foreign
equipment manufacturer. The obvious reason must be the fact the Japanese equipment
manufacturers do not have the resources or interest to actively produce WiMAX
equipment, as mentioned earlier in § 5.2.2.

A critical point is to be made considering the investment possibilities of Softbank a future
WiMAX network. The large investments in its ADSL network, the high leasing costs of

33 The band to become commercially available for BWA deployment in the middle of 2007
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fiber lines from NTT Communication and the costs for the acquisition of Vodafone has
limited Softbank financial resources. It is therefore unlikely that Softbank will deploy a
mobile WiMAX network in the near future.

ACCA Networks

The only non-cellular operator actively interested in mobile WiIMAX is ACCA Networks,
a large DSL and fiber operator. In June 2006, the mobile WiMAX trial network will be
deployed using equipment of Alcatel operating in the 2.5 GHz band.

For ACCA mobile WIMAX can serve as the wireless extension of its DSL services. The
trial will validate the integration of mobile WiMAX services in its existing DSL offering,
with the first applications being video streaming, high-speed Internet access and VolP.

However, obtaining one of the three/four 2.5 GHz licenses in mid 2007 will be a difficult
task considering the competition. I expect that ACCA will have to operate as an MVNO.

5.5. Conclusion

This conclusion gives an answer to the third research question ‘what are the experiences
and deployment strategies on WiMAX of operators in Japan’.

5.5.1. Industry structure

Three major industry groups dominate the Japanese electronic communication industry:
NTT Group, KDDI Group and Softbank Group. These groups are all active in both the
cellular market and the broadband market together holding a more the 2/3 market share
depending on the market. Therefore, the Japanese electronic communication industry is
characterized as an oligopolistic industry.

The oligopolistic rivalry between the industry groups is very competitive. In the case of
the broadband market, this resulted in the lowest costs for bandwidth in the world. This
contradicts the general notion in the Netherlands and the West of oligopolistic markets
being non-competitive and keeping prices high for the consumer. The traditional
economic theory’s answer to the question of optimal degree of competition has always
been simple, namely maximum competition.

The relation between the individual groups and their suppliers, both content providers
and equipment manufacturers, is tight (relation 1 in Figure 18). The operator is dominant
in this relation. This operator-led approach is the most distinguishing aspect of the
Japanese electronic communication industry with respect to the European case, where
also the equipment manufacturers like Ericsson, Nokia and Motorola have significant
power.

In the case of the cellular market, also the relation between the individual groups and
their buyers is rather tight due to the lack of mobile number portability (relation 3 in
Figure 18).

The operator groups have large in-house R&D centers on wireless technologies hosted in
Yokosuka Research Park of the National Institute for Information and Communication
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Technology. Thus, the relation between the incumbent operator groups and the research
institutes, being one of the technological drivers, is a close relation (relation 6 in Figure
18).

The role of the Japanese government in the form of MIC is of crucial importance in the
electronic communication industry. MIC has a directive role and has formulated the ‘u-
Japan’ policy. The goals specified in the policy are to be achieved in close cooperation
with the industry. The relation between MIC and the operator groups is tight (relation 7 in
Figure 18).

The results of the Study Group for Wireless Broadband Promotion of MIC are a product
of a cooperative process of the industry, the government and the research institutes and
universities. There is no clear distinction to be made between the working arena of the
actors of this triangle relation. The operators participate in the research institutes together
with the government and the research institutes and universities take place in
governmental advisory groups. This creates consensus on the direction the industry
should follow. This view was exemplified during the interview with NTT Docomo when
it was stated that NTT Docomo shares the views of the Study Group for Wireless
Broadband Promotion (Hiramoto 2006). The goal is to ‘build a world leading wireless
broadband environment’ and this will be achieved.

Considering the above-mentioned three tight relations (relation 1, 6, 7 in Figure 18) the
Japanese electronic communication industry is characterized as highly vertically
integrated.

5.5.2. WIMAX experiences and opportunities in Japan

It has been observed that the Japanese electronic communication industry is interested in
mobile WIMAX. Fixed WiMAX is not considered to be feasible in Japan, because of the
high DSL penetration rate and the strong growth of the FTTH penetration rate.
Additionally, the large majority of the population is located in the southern coastal area
roughly between Tokyo and Fukuoka and has access to high speed and cheap fixed
broadband. The remaining minority of the population living in the mountainous inland
area of Japan do not seem to provide a feasible business case for fixed WiMAX.

The three large industry group, NTT Docomo, KDDI and Softbank, are all actively
researching the possibilities of mobile WiMAX and are all doing outdoor WiMAX trials.
The goal is to evaluate the performance capabilities of mobile WiMAX and how mobile
WiMAX can fit into their existing networks and service portfolio. Mobile WiMAX will
have a complementary role in Japan as an overlay network and no nation-wide
independent mobile WiMAX networks are expected in Japan.

A critical issue is the spectrum availability for mobile WiMAX. An amount of 95 MHz of
spectrum in the 2.5 GHz band will most probably be secured for mobile BWA
applications. There will be three or possibly even four licenses available in the middle of
2007 following the final decision of the Ministry Council. This will be a crucial moment
for the future of mobile WiMAX in Japan. The limited availability of licenses will make
it difficult for new entrants to enter the market and get a large market share.
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I expect that NTT Docomo and KDDI will get a license for mobile WiMAX and Willcom
for its Next Generation PHS system. Mobile WiMAX and Next Generation PHS should
not be seen as competitors in Japan, because of mobile WiIMAX’s complementary role in
opposition to Next Generation PHS’s independent role. Next Generation PHS will
directly compete with the 3G/3.5G networks of NTT Docomo, KDDI and Softbank. In
the case of a fourth license, I expect Softbank to obtain this license.

Other operators, as Yozan and ACCA Networks, can operate as MVNOs in order to offer
WiMAX services.

The competitive oligopolistic rivalry, the vertical-integrate structure and the limited
availability of licenses determine the mobile WiMAX development path in the electronic
communication industry. This vertically integrated structure could be compared with the
keiretsu structure. Although many additional relations, for example the industry group
and the banks, has not been researched in this project.
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6. Conclusions and Recommendations

In the Chapters 3, 4 and 5 the research sub-questions were answered, combining these
results the main research question will be addressed in this chapter. This final conclusion
gives an answer to the main research question: What are the opportunities of WiMAX for
operators in the Dutch electronic communication industry based on the WiMAX
experiences of Japanese operators?

6.1. Conclusions

Concentration and vertical integration are the two dimensions of the Japanese electronic
communication industry, which are the important determinants of the industry
development in Japan. The concentrated nature of the Japanese industry is observed both
in the broadband and cellular market. This oligopolistic rivalry of the electronic
communication industry is very competitive among the three industry groups NTT Group,
KDDI Group and Softbank Group, making it difficult for new entrants to enter the market
and get market share.

The operators have close relationships with their suppliers (equipment manufacturers and
content providers), the Ministry of Internal Affairs and Communications and the research
institutes. In the industry environment, the incumbent operators have the highest power in
the value web and determine the direction of the industry development. Of the external
environment, MIC has a key role in guiding the direction of the development of the
electronic communication industry. This vertically integrated structure causes the
industry to have a focused approach to which direction the industry is developing. The
promotion of mobile wireless broadband lies within this focus so it is expected that
mobile wireless broadband will have a stable place within the future electronic
communication industry in Japan.

In contrast with Japan, neither the broadband market nor the cellular market is
concentrated in the Dutch electronic communication industry. Many different national
and international players exist in the industry including many MVNOs in the cellular
market (MVNOs have captured 14.8% of this market). This maximum competitive
rivalry makes it easier for a new entrant to enter the market, but also makes it easier to
exit the market forced by the intense competition.

The relation of the Dutch operators with the government is of a more distant nature than
in Japan and the Dutch industry environment is determining the direction of the industry
development.

The fixed broadband markets in Japan and the Netherlands both have very high
penetration rates. The broadband services are competitively priced and of high quality.
Therefore, I do not consider the Dutch or the Japanese market to have a profitable
opportunity for the deployment of fixed WiMAX, apart from a very small niche market
in for example the shipping industry or events and festival industry.

The cellular market in Japan is very well developed with millions of users and high

APPUs. The congestion, which occurs in the 3G networks, drives the industry to actively
research new technologies to solve this problem. WiMAX fits well into this context.
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In Japan, all the three industry groups, NTT Group, KDDI Group and Softbank Group,
are interested in mobile WiMAX. From the four formulated types of industry segments
(wired line operator, cellular operator, WISP and new entrant), the cellular operators
focus on mobile WiMAX in Japan although it has to be kept in mind that they each
belong to their parent group.

In the Netherlands, several types of industry segments have interest in mobile WiMAX,
such as wired line operator Casema and new entrant Enertel/ WorldMAX. Casema and
Enertel/WorldMAX are the only Dutch operators that currently have concrete plans with
mobile WiMAX. In contrast with Japan, no cellular operator in the Netherlands is
currently focusing on WiMAX. The Dutch cellular operators are busy upgrading their 3G
networks to HSDPA networks. These networks are not used intensively yet and
congestion is not a problem for Dutch cellular operators. Therefore, using WiMAX as a
backhaul technology or overlay technology is not a necessity yet, but this could change in
the future when the 3.5G networks in the Netherlands will be congested.

Currently Enertel/ WorldMAX and Casema actually deployed networks using fixed
WiMAX. Although I did not have access to the financial information, I do not expect
them they have been receiving large revenues for these fixed WiMAX services,
especially Casema. The main benefit for them is the exposure to the fixed WiMAX
technology and the operational issues concerning the roll-out of such network. However,
mobile and fixed WiMAX are different technologies and therefore the benefit of the
exposure may be limited.

Considering this operator focus difference, the deployment scenarios for WiMAX in the
Netherlands will greatly differ from those in Japan. It was expected when the research
started that Dutch operators could learn from the deployment experiences of fixed
WiMAX networks in Japan, especially of Yozan. However, Yozan’s fixed WiMAX
network roll-out is seriously lagging behind and its revenue model does not seem too
promising either. The focus in Japan has already shifted to mobile WiMAX.

Japanese operators have large in-house R&D centers where they actively research the
benefits and characteristics of new technologies, such as WiMAX. In a coordinated way
operators, equipment manufacturers, MIC and standardization bodies and universities
cooperate in the research institutes. Yokosuka Research Park is one of the most notable
research centers for wireless technologies and WiMAX takes currently an important
position in the research activities.

All the three large cellular operators, NTT Docomo, KDDI and Softbank, are intensively
doing real-life trials with small mobile WiMAX network deployments.

In contrast, the Dutch operators have no in-house R&D centers and do not have WiMAX
research programs. They also do not seem to be involved in actual real-life WiMAX trials.
Their approach seems to be a ‘learning by doing’ approach. When rolling out the network
they might experience the operational problems. Such approach was mistakenly taken by
Yozan, when deploying its fixed pre-WiMAX network, and is now crucially lagging
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behind its roll-out plan. This is greatly decreasing its WiMAX opportunities, because
mobile WiMAX is around the corner now making fixed WiMAX dispensable.

The role of mobile WiMAX in Japan is clearly a complementary one. WiIMAX will be
used by the cellular operators as an overlay network to their 3G/3.5G networks
backhauling excessive traffic. This makes the future mobile WiMAX market a certain
one although not a very large one.

The role of mobile WiIMAX in the Netherlands is a more insecure one. Although the
Dutch market is more open for new entrants or existing operators extending their services
with WiMAX, the direction of where the industry is going with mobile WiMAX is more
unclear. Since the cellular operators are just focusing on 3G/3.5G, I am under the
impression that the biggest opportunity for mobile WiMAX is for wired line operators.
Mobile WiMAX should be used as the mobile extension of their future triple/multi play
services.

The biggest constraint in Japan for the future development of mobile WiMAX in Japan is
in the regulatory field. The limited amount of spectrum assigned to mobile BWA
application, maximum 95 MHz, does not allow many operators to obtain a license apart
from the three incumbent industry groups. Additionally, a part of that spectrum will most
probably be used by Willcom’s Next Generation PHS system. Besides Willcom, I expect
NTT Docomo and KDDI to get a mobile BWA license and possibly Softbank if a fourth
license will become available.

This is the determining factor why mobile WiMAX, for now at least, will have a limited,
but certain, role in the electronic communication industry in Japan.

This spectrum limitation is not an issue in the Netherlands, because of the plans on
European level to allocate the 3.4-3.8 GHz band to BWA applications although it will
take at least 2 more years before this spectrum comes available. In contrast with Japan,
where the 2.5 GHz band will become available in the middle of 2007. However, this does
not have to be a key issue since certified mobile WiMAX products will be available in
the second half of 2007 according to the WiMAX Forum. However, I expect that the
certification process will be delayed again, just as the certification process of fixed
WiMAX products was delayed about six months, to somewhere in 2008.

On a global level, I am positive about the future of WiMAX. The support and
commitment to WiMAX by leading players in the electronic communication industry,
such as Intel, Motorola, Alvarion, Samsung and many operator like Sprint Nextel, KDDI,
KT Telecom and BT Telecom are important drivers for the success of WiMAX. The
recent deal Sprint Nextel made with Motorola and Samsung to invest US$ 3 billion to
deploy a mobile WiMAX network is an important driver for the future of mobile
WiMAX.

The efforts of the WiMAX Forum have been substantial ones. The standardization and

certification process is certainly a milestone for WiMAX. However, large equipment
volumes resulting in decreasing equipment prices have not been reached yet.
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Another important issue is that spectrum is being secured globally. In Europe, the 3.5
GHz band is becoming available for BWA deployments, while in Japan and the US the
2.5 GHz band will become available for BWA applications.

At the moment, mobile WiMAX products are not widely available and only at the end of
2007 or in 2008 will mobile WiMAX network deployments become a more concrete
reality.

6.2. Recommendations

The opportunity of WiMAX in the Netherlands is limited, for now. Fixed WiMAX
deployments will not be very feasible, although some small niche markets could be
addressed. Mobile WiMAX offers more opportunities. Mostly for wired line operators
who can use mobile WiMAX to extend their services with the mobile wireless end.
However, operators should be aware of the insecurities that surround full mobility
WiMAX. It should be noted that mobile WiMAX can be used for not only mobile
applications, but also fixed applications.

At the moment, there does not seem to be a need for cellular operators to get involved
with WiIMAX. However, on the long run if their 3.5G networks will be congested and if
they want to improve the cost per bit ratio they should consider WiMAX. Any operator,
who is actively upgrading its network to an all IP should definitely consider WiMAX for
the future. WiMAX fits well into the development towards 4G networks. When WiMAX
equipment sales volumes increase and equipment costs decrease, WiMAX will become
an even more interesting opportunity for operators in the Netherlands.

The operators in the Netherlands who decide to deploy a WiMAX network should wait
for certified mobile WiMAX products. They should acquire a 3.5 GHz license in 2008
and should start acquiring base stations sites as soon as possible. This will be a
challenging exercise. Before deploying its WiMAX network, the operators should
definitely do trials with WiMAX, like the operators in Japan do, in order to understand its
capabilities and where it can fit into the operator’s existing network. WiMAX is a new
technology so operational and technological difficulties are bound to exist. Therefore, the
operator should prepare well.
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7. Reflection

In this chapter, a reflection is given on the theory and analytical framework that has been
used in order to analyze the opportunities of WiMAX and the electronic communication
industry in the Netherlands and Japan. It aims to answer the presented questions of § 2.4.
Since the model (Figure 4) has its roots in Western strategic management theory, it is
questionable if this model can equally be used for a non-Western context, in this case the
Japanese environment. Additionally, a few suggestions for further research are presented.

7.1. Capabilities of the framework of analysis

The model distinguishes the external environment from the industry environment. It can
be debated whether the firm is leading the industry or the industry environment is leading
the industry (industry leadership perspective versus the industry dynamics perspective).
In Japan, the industry environment and the external environment are more tightly related
to each other than is the case in the Netherlands. The Dutch government has a more
neutral non-directive approach and does not seem to drive the path of industry
development.**

In Japan, there is a strong presence of individual relations between actors of the industry,
the government and the universities/research centers. These embedded relational ties,
which could be traced to university background of the individual, can have significant
influence on the industry development path.* For example, decisions on which
technology to adopt could be influenced by these embedded relational ties.

It can be argued that the Japanese Ministry of Internal Affairs and Communication is
besides the policy maker and regulatory also an industry player in driving the industry
towards its desired direction. The path of the industry development is directed by MIC in
cooperation with the incumbent rivals, most notable NTT Docomo.>® The policy on
wireless broadband is formed in cooperation with the industry players by means of for
example study groups. In a cooperative way the policy goals are determined. Therefore,
MIC should be placed in the industry environment, removing it from the external
environment. The oval ‘Political/regulatory driver’ of Figure 18, representing MIC,
should be a square representing the industry environment. In other words, the industry
environment represented by the Five Forces model of Porter should be extended with a
sixth force, MIC. This ‘Six Forces” model better represents the structure of the Japanese
electronic communication industry. Therefore, it is advice to use this ‘Six Forces’ model
when analyzing the Japanese electronic communication industry. Obviously, many
fundamental behavioral differences between the government and the industry actors can
be observed. One of them is profit realization. However, it takes too far the further
discuss this in the context of this research project.

It must be noted that I have not explicitly researched the relation of the Dutch government with the
industry. It is merely an impression.

1 have understood that there are two distinctive ‘camps’ coming from the two (former) public top
universities, Tokyo University and Kyoto University.

3 NTT Docomo is the former national operator of Japan and the Japanese government is still its largest
investor.
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Although the relations between the government, universities/research centers and the
industry players are much tighter than in the Netherlands and although the Japanese
government has a driving influence on the path of the industry development, I think the
framework of analysis can still be used in the Japanese context when analyzing the
industry structure and external environment. It is a useful descriptive tool to obtain an
understanding of the industry and the environment in a structured way. The difference is
the strength or tightness of the relational arrows between the external environment and
the industry environment. However, it is more a static tool than a dynamic one.

Secondly, it is questionable if the semi-dynamic model (Figure 4) is suitable for the
electronic communication industry. This industry is characterized as highly dynamic,
because of among others the rapid technology development. Technological innovation is
the key driver in changing the state and direction of the electronic communication
industry. Porter’s Five Forces model underestimates the power of technological
innovation to change the industry structure. The technology adoption life cycle model
(Appendix D) can be useful to understand better the path of the industry development.
When combined with the model, this would certainly improve the dynamics of the model.

Before further discussing this matter, it is important to understand what the fundamental
difference is between the static approach and the dynamic approach. As described by
Lemstra: “The major distinction between the static and the dynamic views in economics
is in the role of innovation. In the static view innovation is an exogenous factor, in the
dynamic view innovation is endogenous.” (2006, p 114). The model of Figure 4 presents
innovation as an exogenous factor represented by the technological driver of the external
environment. By incorporating innovation endogenously in the industry structure
dynamics is introduced. A relevant concept to mention in this context is ‘creative
destruction’, introduced by Schumpeter, which can be described as the process of
industrial transformation that accompanies radical innovation. The concept of creative
destruction can be used to explain many of the dynamics of industrial change. This has
further inspired theories such as the endogenous growth theory. This theory was
formulated as a reaction to neo-classical growth models in which the long-run rate of
growth is exogenously determined and based on factors such as an assumed rate of
technological innovation and an assumed rate of labor force growth. However, this does
not explain the origin of growth. Endogenous growth theory does not assume such rates,
but endogenously incorporates technological innovation within the model. When a
radical technological change occurs then the relation between the institutional
arrangements and the industry environment should be dynamic in order to maintain a fit
between the two and to rapidly reach an optimal degree of coherence. The degree of
coherence determines the performance of the industry.

Having briefly reviewed the dynamic approach on industry development, should it be
advised to use such dynamic approach in the context of this study? During the short
period of study of six months the conditions were relatively stable. The technological
innovative force of WiMAX and the necessary institutional arrangements have not
radically changed the degree of coherence between the technological and institutional
arrangements. The framework of analysis is an useful tool to analyze the electronic
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communication industry assuming the conditions to be stable for the period of study.
Therefore, I conclude that under these relatively stable conditions the use of the static or
semi-dynamic model (Figure 4) is suitable for the purpose of this research.

7.2. Future research

Although the static or semi-dynamic framework used in this research was appropriate for
the objective of the research within its short time frame. However, it has merely a
descriptive function. An interesting research could be how technological innovation in
the electronic communication industry influences the performance of the industry
considering innovation as an endogenous factor of the industry.

This research deliberately focuses on the supply-side of the electronic communication
industry. However, the demand-side is equally important. Services for WiMAX should be
explicitly researched. The technological capabilities of WiMAX should be analyzed in
order to determine if WiMAX is suitable for services such as IPTV, streaming video and
VolP.

Considering the advanced state of mobile WiMAX deployments and operations in Korea
(Wi-Bro), I advice my successor to do field research in Korea. This research can benefit
from the availability of operational Wi-Bro networks providing the possibility of
acquiring concrete data on for example actual throughput rates, total deployment costs
and user experiences. Unfortunately, the availability of this concrete data was lacking in
my research.
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Annex

A. Interview Protocol

This is the general interview protocol that has been used for the personal interviews in
both the Netherlands and Japan. Depending on the situation, certain questions were more
relevant than others were. Therefore, not all questions have been asked in all interviews.
Additionally, in some interviews not all questions were answered, because of
confidentiality reasons or inability to answer due to the maturity of the WiMAX industry.
Especially the questions concerning investments were avoided by the respondents.

Technology WiMAX
1. How do you position the fixed and the mobile WiMAX standard with respect to other
technologies?

2. What are the technological strengths of this WiMAX standard with respect to these
other technologies?

3. What are the technological weaknesses of this WiIMAX standard with respect to these
other technologies?

4. 1 have identified three basic deployment options for WiMAX, namely for WLL
access, backhaul (Wifi/WiMAX or cellular/WiMAX) or mobile.

4a. Do you agree with this division? If not, what are other deployment options?

4b. What do you consider to be the most important opportunities for this WiMAX

standard in the Netherlands/Japan?

4c. What type of business model do you consider to be most valuable for the fixed/mobile

WiMAX standard?

5. What do you consider to be the most important threats for this WiMAX standard in
the Netherlands/Japan?

6. In the past, there have already been two other generations of fixed wireless
technologies, namely LMDS and MMDS. Both have had limited success.

6a. In what is the fixed WiMAX standard comparable with these two technologies?

6b. In what does the fixed WiMAX standard differ from these two technologies?

6¢. Can a different development with the fixed WiMAX standard be expected?

WIMAX forum
The WiMAX Forum claims the following benefits of a standard for operators.®’
¢ Common Platform drives down costs, fosters healthy competition and encourages
innovation
e Enables a relatively low initial CAPEX investment and incremental expenditures
that reflect growth

37 http://www.WiMA Xforum.org/technology/benefits/
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e No more commitments to a single vendor, a typical by-product of the proprietary
technology model

e Wireless systems significantly reduce operator investment risk

e Global interoperability

7. What is your perception on this? Is this already the reality for the WiMAX standard?

The Dutch/Japanese context
8. Which regulatory factors do you consider to be of critical importance for the success
or failure of this WiMAX standard in the Netherlands/Japan?

9. Which technological factors do you consider to be of critical importance for the
success or failure of this WiMAX standard in the Netherlands/Japan?

10. Which economical or marketing factors do you consider to be of critical importance
for the success or failure of this WiIMAX standard in the Netherlands/Japan?

11. Which social factors do you consider to be of critical importance for the success or
failure of this WiMAX standard in the Netherlands/Japan?

Deployment strategy
12. Which companies in the Netherlands/Japan are focusing their business on the
fixed/mobile WiMAX standard?

Spectrum
13. Which frequency band is most interesting for fixed/mobile WiMAX deployment in
the Netherlands/Japan?

Geographic area

14. Which geographic area is most interesting for fixed/mobile WiMAX deployment in
the Netherlands/Japan?

Customer segment

15. Which customer segment is most interesting for fixed/mobile WiMAX deployment in

the Netherlands/Japan?

Market
16. In which type of market should fixed/mobile WiMAX try to get a market share?

17. What is the size of this market in the Netherlands/Japan?

18. What expected market share can fixed/mobile WiMAX take in this previously
mentioned market?
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Services
19. What type of services should be offered when using fixed/mobile WiMAX?

Revenue
20. What type of revenue model should be using when offering WiMAX services?

21. What is the expected revenue for offering fixed/mobile WiMAX services?

Competitive environment
22. Against which technologies will fixed/mobile WiMAX compete in the
Netherlands/Japan?

23. Which companies in the Netherlands/Japan are competitors of companies offering
fixed/mobile WiMAX services?

WiMAX technology variant
24. Do you have future plans to offer services based on the mobile WiMAX standard? If
yes, when?

Open question
25. What are the most important uncertainties or insecurities concerning the deployment

of the WiMAX standard?

26. Are there any questions, which have not been mentioned in this interview, but are of
importance?
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B. Causal diagram of WiMAX factors

The causal diagram is used to give a structured insight into the relevant factors
concerning WiMAX deployment (Figure 24). The ovals in the diagram represent the
different factors. The central red oval is the main factor of this diagram and represents the
question: What are the opportunities of WiMAX? The directed links represent the
influence of one factor upon another. A positive link from factor A to B means if more A
than more B or if less A than less B. An example of the diagram is the following. If the
factor ‘Expected revenue’ is high than also the factor “WiMAX opportunities’ is high,
meaning that deploying WiMAX could be a feasible business opportunity. A negative
link from factor A to B means if more A than less B or if less A than more B. The frames
‘Technological capabilities’ and ‘Regulatory environment’ group several factors together
to make it more orderly.

Technological Capabilities

Regulatory Environment

Tumber G
equipment
manufacturers

v

Y +

Costs of »
deployment
4
¥

Figure 24. Causal diagram of WiMAX factors

92



The two blue factors ‘costs of deployment’ and ‘expected revenue’ are important factors
which directly influence the decision of the operator to deploy WiMAX or not. The
‘expected revenue’ is positively influenced by the ‘ARPU’ and the ‘expected number of
customers. These are both positively influence by the ‘Value adding service’. The
underlying thought here is that customers are more interested in using the new WiMAX
technology if more advanced and value adding services are offered, for example VolP or
IPTV. The seven factors of the technological capabilities frame all influence this ‘value
adding services’ factor and the ‘CAPEX’ factor. The ‘degree of competition other
technologies’ signifies the level of competition of operators using other technologies like
DSL or cable which WiMAX operators could be facing in a certain area. For example,
highly populated areas in the Netherlands have very high DSL or cable penetration rate
deployed by numerous of operators. Here competition is expected to fierce.

Another important factor is the ‘degree of urbanisation” which positively influences the
‘expected number of customers’ and the ‘degree of competition other technologies’. This
refers to the deployment area, urban, sub-urban or rural. It is assumed that an urban area
is likely to have more ‘expected number of customers’ since the population density is
higher. On the other hand in an urban area it is also likely that there are more operators
operating. This increases the degree of competition and has again a negative influence on
the ‘expected number of customers’.

The factor ‘ease of migration fixed to mobile’ refers to the fact that there are two versions
of WIMAX, fixed and mobile. The fixed WiMAX version is designed for fixed and
nomadic access. The mobile WiMAX version adds portable and mobile access to this.
The underlying techniques of these two versions are different. In order for the fixed and
mobile WIMAX versions to be interoperable a supporting migration path needs to be
designed. The ease of migration negatively influences the ‘CAPEX’ factor. This means
the capital expense is typically lower when the migration path is easier. For example,
instead of replacing the base stations the operator may perform a software upgrade.
Another factor worth to point out is ‘decision frequency band’. Since WiMAX may
operate in the licensed and unlicensed spectrum, a decision by the operator has to be
made. This decision is influenced by the ‘spectrum availability’ and the ‘degree of
urbanisation’. An operator who operates in the unlicensed spectrum runs the risk of
interference problems, especially in an urban area with a high population density. This
decision directly influences the ‘costs of license’ and the investments, which have to be
made for the WiMAX network, the ‘CAPEX".

The factors within the ‘regulatory environment’ frame define the regulatory context in
which a WiMAX operator can operate. For example, if there is only very little spectrum
available for WiMAX deployment than this complicates the WiMAX business
opportunity for an operator.

The last factor, which asks for some explanation, is the ‘number of equipment
manufacturers’. It positively influences the feasibility of WIMAX deployment. If a large
number of equipment manufactures produce the necessary equipment for a WiMAX
network infrastructure than more deployment choice and options are available which
could stimulate the dynamics of the WiMAX market, create economics of scale and
therefore make WiMAX deployment more feasible. A clear advantage for operators is the
desired interoperability of WiIMAX equipment of the various manufacturers.
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C. Value Network

The concept of the ‘value network’ represents all the different important actors in an
industry and the mutual dependent relations between them. In a value network the actors,
their roles and their way of interaction change (Van de Kar 2004).

The concept of a value network can be used to gain a better understanding of the relevant
actors of the WiMAX industry and its interdependent relations. In Figure 25, a general
and simplified value network is shown of the WiMAX industry.

It should be noted that the operator and the network operator could be the same actor.
The strict boundaries between these actors are in general in the communication industry
increasingly diminishing. According to my experience, this is especially true for the
WiMAX industry. There seems to be no actor, who is currently offering WiMAX
services without also operating the network. However, this could change when the
industry is becoming more mature.

The actor “WiMAX Forum’ has a mutual relation with all the other actors in the value
network, but also consists of these same actors. In short, the WiMAX Forum is an
industry led non-profit organization for the promotion of WiMAX.

VAR

Equipment
provider manufacturer

WIMAX chip
makers

Figure 25. Value network for WiMAX industry
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D. Technology adoption life cycle

Of the drivers of the external environment, socio-cultural, economical,
political/regulatory and technological, it can be argued that the technological driver in the
form of the adoption of a new disruptive technology is the most prominent (Moore 2000).
Such a technological driver can greatly change the state and direction of the industry.

In the context of this research project, such a technological driver is the introduction of
WiMAX in the industry. Therefore, of the four drivers of the external environment the
technological driver will be of key importance. A useful tool in understanding the
development of this technological driver is the technology adoption life cycle.

According to Moore (2000) the adoption of a new technology goes through a number of
phases. The technology adoption life cycle, which is based on Roger’s diffusion of
innovation theory (1983), has the following strategic segments; technology enthusiasts,
visionaries, pragmatists, conservatives and skeptics. The technology adoption life cycle is
shaped like a bell and the various segments represent the predicted percentage to adopt
one of the above-mentioned strategic options. The standard technology adoption life
cycle is shown in Figure 26.

Technology s 2 . : :
Enthusiasts Visionaries Pragmatists Conservatives Skeptics
The technology adoption life cycle

Figure 26. The technology adoption life cycle

Technology enthusiast strategy
This strategy will adopt the technology immediately after its availability. It is used to
examine the characteristics and capabilities of the technology.

Visionary strategy

This strategy is used for obtaining a dramatic competitive advantage by adopting the new
technology. By being first to the market and deploying the new technological system, it is
expected to take the lead over the competition. It is a strongly differentiating strategy.
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Pragmatist strategy

This strategy adopts the new technology when everybody in the industry environment is
also adopting the technology. The technology must been proven by concrete examples of
successful deployments before it will be adopted. Once the initial value of the new
technology has been proven then the technology will be adopted.

Conservative strategy

This strategy will use the old technology as long as possible, because it is familiar and it
has been paid for. In the long run the organization will change to the technology, which
by then knows wide spread adoption.

Skeptic strategy

This strategy will not adopt the new technology at all, because it simply does not believe
in the benefits and its possibility of achieving mass-market adoption.
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E. The PHY and MAC layer of the IEEE 802.16 standards
The PHY Layer of IEEE 802.16

The IEEE 802.16 standard was designed to develop as a set of air interfaces based on a
common MAC layer protocol, but with several PHY layer specifications depending on
the spectrum of use and the associated regulations specified by the different National
Regulatory Authorities (NRA). In the following three important aspects of the PHY layer
are being discussed; multiplexing, duplexing and channel bandwidth.

Multiplexing
The PHY layer contains several forms of modulation and multiplexing to support
different frequency range and application. Two multi-carrier multiplexing techniques are
supported in the 802.16-2004 standards: OFDM with 256 carriers and OFDMA with
2048 carriers.

OFDM is a modulation technique that subdivides the bandwidth into multiple frequency
sub-carriers. The input data stream is divided into several parallel sub-streams of reduced
data rate and each sub-stream is modulated and transmitted on a separate orthogonal sub-
carrier.

The benefits of OFDM are high spectrum efficiency, resistance against multi-path
interference and ease of filtering out noise. Additionally, the downlink and uplink data
rates can be altered by allocating either more or fewer carriers depending on the need.
However, strict frequency synchronization is demanded and an imperfect synchronization
results in severely reduced performance.

OFDMA is a multiplexing technique that provides multiplexing operation of data streams
from multiple users onto the downlink sub-channels and uplink multiple access by means
of uplink sub-channels. In short, OFDMA is the multi-user version of OFDM.

The benefits are an even higher spectral efficiency, because of the simultaneous
transmission from several users, and it supports high rate applications since more than
one sub-carrier can be assigned to one user. A disadvantage is that multi-user interference
is introduced when imperfect frequency synchronization occurs (Hoymann 2005).

Channel bandwidth

The IEEE 82.16e-2005 standard is based on scalable OFDMA (SOFDMA). SOFDMA
supports a wide range of channel bandwidths ranging from 1.75 MHZ to 20 MHz to
flexibly support the need for various spectrum allocation and usage model requirements.
This flexibility is needed because the channel bandwidth is highly dependent on the
spectrum allocated by the regulators. It supports features especially suited for high-speed
mobile operation, for example downlink and uplink sub-channelization and fixed sub-
carrier spacing.
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Duplexing

The 806.16 standards support two duplexing options and an additional one for the
802.16e-2005 standard. Both Time Division Duplex (TDD) and Frequency Division
Duplex (FDD) are supported and additionally for the 80216e standard half Frequency
Division Duplex (HFDD).

TDD is a technique that uses a single channel for its traffic while the downlink and uplink
are assigned to different time slots. TDD has a strong advantage where the traffic demand
allows for an asymmetric down- and uplink data speed. If the amount of downlink data
increases then more bandwidth can be allocated for the downlink and vice versa.

TDD also provides an advantage where a regulator allocates the spectrum in an adjacent
block. Band separation for TDD is not needed and therefore the whole spectrum
allocation is used efficiently both uplink and downlink.

Furthermore, TDD assures channel reciprocity for better support of link adaptation (e.g.
beamforming), Multiple Input Multiple Output (MIMO) and other advanced antenna
technologies.

FDD is a technique that uses two different channels for its uplink and downlink traffic.
Resulting in the fact that FDD is more efficient than TDD in the case of symmetric traffic,
because no switching overhead between the uplink and the downlink is existing.

Another advantage of FDD is generally easier radio planning, because no strict time
synchronization is necessary, which makes a system more complex and therefore costly.
HFDD, a half-duplex system, does not simultaneously transmit and receive. It allows
communications in both directions, but only one direction at a time. In Table 6 an
overview is shown.

Table 6. Comparison Time Division Duplex and Frequency Division Duplex

TDD FDD
UL/DL isolation Guard time Guard band
Spectrum efficiency |More efficient (smaller GB) Less efficient (larger GB)

Reciprocal (supports
MIMO ,beamforming)
Suitable for Packet base data traffic Symmetric traffic like voice

UL/DL channel Non-reciprocal

TDD is the preferred duplexing mode for broadband services for the following reasons:

e TDD supports asymmetric downlink/uplink traffic. Since traffic is becoming more
and more dominated by data, downlink traffic will generally be more dominant
causing traffic to become asymmetric. Since the FDD downlink/uplink is always
fixed and has generally equal downlink/uplink bandwidths, one of the channels
will be underutilized resulting in a decrease in overall spectral efficiency.

e TDD requires only a single channel, unlike FDD that requires a pair of channels.
This provides a greater flexibility for adaptation to the varied global spectrum
allocations.

e TDD supports advanced antenna technologies like beamforming and MIMO.

98



The MAC Layer for IEEE 802.16

The Medium Access Control (MAC) layer of the IEEE 802.16 standard was designed for
PMP broadband wireless access applications, is quality of service (QoS) sensitive and
connection-oriented. It supports higher layer or transport protocols such as ATM,
Ethernet or Internet Protocol (IP), and is designed to easily accommodate future protocols
that have not yet been developed. The allocation of bandwidth by the base station (BS)
goes according to requests of the subscriber stations (SS). The design addresses the need
for very high bit rates for both the downlink as the uplink. The MAC can accommodate
continuous and burst traffic in order to support the diversity of services required by the
multiple end users. These services are for example legacy time division multiplex (TDM)
voice and data, IP connectivity, VoIP and streaming audio and video.

The 802.16 MAC is adaptable and flexible and it supports several multiplexing and
duplexing methods (Table 2). The 802.16 MAC layer consists of three sublayers, namely
the service-specific convergence sublayer (SSCS), the common part sublayer (CPS) and
the privacy sublayer. The SSCS is used to map the traffic specific for the transport layer
to a MAC that is flexible enough to efficiently carry that traffic type.

Furthermore, the 802.16 MAC is based on collision sense multiple access with collision
avoidance (CSMA/CA). This uses a carrier-sensing scheme. A data station that wants to
transmit sends a jam signal. After waiting a sufficient time, so that the stations have all
received the jam signal, the data station starts to transmit. The MAC layer incorporates
several features supporting a wide variety of application at different mobility rates.
Several important features are the following:

e Four service classes; unsolicited grant service (UGS) for VoIP applications, real-
time polling service (rtPS) for streaming audio and video, non-real-time polling
service (nrtPS) for file transfer protocol (FTP) and best effort (BE) for data
transfer and web browsing applications

Header suppression, packing and fragmentation for efficient use of spectrum
Privacy key management (PKM) for MAC layer security

Broadcast and multicast support

High-speed handover and mobility management primitives

Three power management levels for efficient use of battery capacity; normal
operation, sleep mode and idle mode with paging support
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An overview of the features of the IEEE 802.16 MAC layer is shown below (Table 7).

Table 7. IEEE 802.16 MAC layer features

Feature Benefits
TDM/TDMA scheduled downlink/uplink « Efficient bandwidth usage
frames

Scalable from 1 to hundreds of subscribers |+ Allows cost-effectieve deployments by
supporting enough subscribers to deliver a
robust business case

Connection-oriented * Per connection QoS
* Faster packet routing and forwarding
QoS support UGS, rtPS, nrtPS, BE * Low latency for delay sensitive services

(TDM voice, VolP)

* Optimal transport for VBR traffic
(streaming video)

+ Data prioritization

Automatic retransmision request (ARQ) * Improves end to end performace by hiding
RF layer induced errors from upper layer
protocols

Support for adaptive modulation » Enables highest data rates allowed by
channel conditions, improving system
capacity

Security and encryption * Protects user privacy

Automatic power control  Enables cellular deployments by minimizing

self interference
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F. MIC’s requirements and basic principles for technical study of
BWA systems

To qualify as a BWA system for the use of the 2.5GHz spectrum band in the form of a
license for it. The different BWA systems must satisfy the following three technical
requirement issues. These requirements have been formulated by MIC in order to most
efficiently use the spectrum with the end result of provide the maximum benefit for the
end-users.

1. Requirement on frequency band use
2. Requirement on system capacity
3. Requirement on penetration

From the viewpoint of frequency efficient use the first requirement states that a TDD
system should be adopted, taking into account the fact that only unpaired band (2535-
2695MHz) can be prepared for BWA.

The second requirement consists of three parts. The first is that the forward link peak data
rate should be higher than 3G/3.5G. When considering a peak data rate of HSDPA of
14.4Mbit/s/SMHz, it should be more than 20-30Mbit/s/10MHz.

Secondly, the reverse link peak data rate should be higher than 3G/3.5G. When
considering the peak data rate of HSDPA of 5.7Mbit/s/SMHz, it should be more than
10Mbit/s/10MHz.

Thirdly, the frequency efficiency should be higher than 3G/3.5G. When considering the
average throughput of HSDPA of 0.6-0.8 bps/Hz than it should be more than 0.8bps/Hz.

The third requirement focuses on penetration. The applicable BWA systems should be
standardized or on the process of standardization by global standardization bodies, so that
it can be expected that they become globally penetrating systems and that also the
operators can select their network equipment from worldwide manufacturers.

In conclusion the study items of the Council Committee are twofold. Firstly, the technical
study of each BWA system. Basically, based on the results of the technical proposals of
BWA systems invited by the Study Group for Wireless Broadband Promotion, the
Committee Council should study the BWA systems IEEE 802.16 (WiMAX), IEEE
802.20 (i-burst and Flash OFDM) and next generation PHS. Secondly, the examination of
technical requirements for implementation of each system, such as frequency guard
bandwidth between BWA systems and adjustment system and the frequency guard
bandwidth between one BWA system.
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WiMAX en Nederland

De technologie WiMAX

1. Welke WiMAX technologie variant acht u het interessantst?

De mobiele WiIMAX variant is het interessantst en heeft de grootste kansen. Hoewel de
precieze standaard nog niet vast staat, is er straks wel migratie van fixed WiMAX naar
mobiel WIMAX mogelijk. Op het moment zijn alle praktische bedrijfsinitiatieven nog
gericht op de vaste 2004-variant.

De extreem hoge graad van bekabeling in Nederland maakt het voor de fixed WiMAX
variant erg moeilijk om voet aan de grond te krijgen. Aangezien fixed WiMAX slechts
een alternatief voor de bestaande DSL en kabel technologieén is, moet fixed WiMAX om
te kunnen concurreren wel iets heel speciaals kunnen bieden.

2. Wat zijn de sterkte kanten van deze WiMAX technologie variant ten opzichte van
andere technologieén?

Voordelen van mobiel WiMAX zijn onder andere de flexibele inzetbaarheid en de

mogelijkheid tot het gebruik van ongelicenseerde frequenties. Er zijn een aantal

mogelijkheden voor mobiel WiMAX met betrekking tot deze vrije frequenties,

bijvoorbeeld de 5.8Ghz band maar ook de 2.5Ghz band.

De 3.5Ghz licentie van Enertel is voor PtP toepassingen.

Een voordeel van mobiel WiMAX in vergelijking met UMTS is de grotere celgrootte van
WiMAX. Zodoende hoeven er minder handoffs plaats te vinden en dit leidt tot een
grotere efficiéntie. Maar de mogelijke celgrootte van WiMAX is wel erg gehyped. De
geruchten meldden bij een bandbreedte van 75Mbps een afstand van 50 kilometer. Maar
in de realiteit blijkt dit een stuk beperkter te zijn. Een andere factor van invloed op de
celgrootte is de densiteit van gebruikers in een cel.

Er bestaan geen echte grote voordelen van fixed WiMAX. Hoewel de positieve
verhouding bandbreedte tot afstand en de flexibiliteit van fixed WiMAX wel voordelen
zijn.

3. Wat zijn de zwakke kanten van deze WiMAX technologie variant ten opzichte van
andere technologieén?

De nadelen van mobiel WiMAX is de toch beperkte celgrootte waardoor een toekomstige

landelijke WiMAX dekking niet waarschijnlijk is. Het is toch meer een hotspot techniek,

maar de technologische voordelen van WiMAX ten opzichte van Wifi zijn niet erg

significant.

De WiMAX standaardisatie en de theoretische mogelijkheden van WiMAX zijn positief,
maar wat gaan netwerk operators hiermee doen. Een massa-markt adoptie zal moeilijk
worden. Het zal eerder gebruikt worden voor bepaalde niche markten.

Met betrekking tot het succes van Wifi is de technologie push van Intel erg belangrijk
geweest door laptops en andere devices te voorzien van Wifi-chipsets. Doordat de





cliénten beschikten over devices met Wifi-chipsets werd het voor service providers
interessant om netwerken neer te leggen.

Het nadeel van fixed WiMAX is dat het marktsegment per definitie veel kleiner is.
Zodoende is het aantal benodigde WiMAX-chipsets ook veel kleiner waardoor er voor de
chipfabriekanten geen dusdanige schaalvoordelen te behalen zijn.

4. Wat beschouwt uw bedrijf als de belangrijkste kansen voor de toepassing van deze
WiMAX variant in Nederland?

WIiMAX als WLL access technologie heeft de meeste mogelijkheden vanwege de

capaciteit en het bereik. Goede mogelijkheden voor een business case van het gebruik

van WiMAX als WLL access technologie zijn nieuwe bedrijventerreinen.

WiMAX is niet geschikt als backhaul technologie, omdat de haalbare afstanden tussen de
masten te klein zijn.

De kansen voor WiMAX zijn in de afgelopen twee jaar aanzienlijk gedaald. Aangezien
twee jaar geleden de landelijke dekking van DSL nog maar 70% was. Dit betekent dat de
andere 30% ingevuld zou kunnen worden door andere technologieén zoals WiMAX. Op
het moment is de landelijke dekking van DSL maar liefst 90%, zodat er nog maar 10%
overblijft voor bijvoorbeeld WiMAX. Een percentage van 10% van de Nederlandse lijnen
komt uit op ongeveer 800000 lijnen. Dus op zich is deze markt niet erg groot.

Toepassingsmogelijkheden voor fixed WiMAX zijn bijvoorbeeld het aaneensluiten van
Wifi-hotspots in stedelijke gebieden om zodoende een hotzone te creéren. Een andere
toepassing zou op het gebied van beveiliging kunnen zijn. Beveiligingscamera’s in
bijvoorbeeld een winkelstraat kunnen ondersteund worden door fixed WiMAX.

De NS gaat fixed WiMAX gebruiken om dekking langs het spoor te verzorgen. Voor een
dergelijk gedefinieerd gebied is fixed WiMAX een geschikte technologie, maar voor een
landelijke dekking niet. Aangezien de afstandscomponent in WiMAX onvoldoende is.
Hiervoor zal gebruik gemaakt moeten worden van extra antennetechnologieén.

Fixed WiMAX is dus het meest geschikt voor bepaalde niche toepassingen.

5. Wat beschouwt u als de belangrijkste bedreigingen voor de toepassing van deze
WiMAX variant in Nederland?

WiMAX is geen disruptive technologie waarover zo vaak wordt gesproken. Disruptives

technologies zijn in de telecom wereld onbestaanbaar. Ook mobiel bellen en het Internet

waren geen disruptive technologies, maar hadden elk een lange aanloop tijd.

WiMAX zal zo ook zijn eigen plaats in het totaal gaan innemen. Het zal niet de bestaande
markt voor 100% kunnen vervangen. Het is geen panacee.

Hoewel het zendvermogen van WiMAX vrij wel niets is, ongeveer 100 mW, zouden
stralingsissue’s toch een bedreiging kunnen vormen voor WiMAX en andere draadloze





technologieén. De perceptie van de gebruiker ten opzichte van de gevaren van straling is
hier van belang.

6. In het verleden zijn er al twee generaties fixed wireless technologieén geweest,
namelijk LMDS en MMDS. Deze hebben beide een beperkt succes gehad.

6a. Waarin is fixed WiMAX vergelijkbaar met deze twee technologieén?

6b. Waarin verschilt fixed WiMAX ten opzichte van deze twee technologieén?

6¢c. Kan er nu een andere ontwikkeling verwacht worden? Waarom wel of waarom niet?

WiMAX heeft een breder toepassingsgebied dan LMDS wat een pure WLL technologie
is voor PtP en PmP verbindingen. Een belangrijk verschil is dat WiMAX technologie ook
in cliént devices geintegreerd kan worden. Dit is een belangrijke reden waarom Intel zo
geinteresseerd is in WiMAX.

WiMAX forum
Het WiMAX Forum maakt de volgende claims met betrekking tot de voordelen van een
standaard voor service providers'.

e FEen gemeenschappelijk platform drijft de kosten naar beneden en stimuleert
gezonde competitie en innovatie

e Een relatief lage initi€le CAPEX investering en incrementele uitgaven die gepaard
gaan met groei

e Geen commitment aan een enkele toeleverancier

e Wereldwijde interoperabiliteit

e Draadloze systemen reduceren het investeringsrisico van de operator significant

7. Wat is uw beleving hierbij?

Voor Bluetooth werden dezelfde redenen met betrekking tot de voordelen van een
standaard gebruikt. Dus dit is niet nieuw. In de praktijk blijkt het altijd een paar jaar
langer te duren dan de oorspronkelijke planning van een dergelijk forum.

Een zelfde succes als met Wifi kan ook voor WiMAX van toepassing zijn. Het heeft
alleen tijd nodig. Daarnaast wordt het zo langzamerhand wel erg druk in de ether.

De Nederlandse context

8. Welke regulerende factoren acht uw bedrijf van kritisch belang voor het succes of
falen van deze WiMAX variant in Nederland?

De spectrumbeschikbaarheid is voor WiMAX niet zozeer een beperking aangezien het in

zowel gelicenseerd als ongelicenseerd spectrum kan opereren. Er zijn ook geen andere

regulerende beperkingen in Nederland.

Regulering is wel altijd van kritisch belang. Hierbij moet de overheid vooral niet te veel
doen. De industrie moet het zelf oplossen.

"http://www.WiMAXforum.org/technology/benefits/





9. Welke technologische factoren acht uw bedrijf van kritisch belang voor het succes of
falen van deze WiMAX variant in Nederland?

Een belangrijke technologische factor is het technische bereik van WiMAX, dat toch vrij
beperkt is. Een voorbeeld hiervan is een universiteit in Seoul dat een WiMAX
campusnetwerk uitrolde. Er bleek toen dat de gebruikte WiMAX equipement maar een
bereik tot 300 meter had, wat vergelijkbaar is met Wifi.

Voor het realiseren van een groter bereik voor WiMAX zijn intelligente antenna’s van
groot belang.

Het mogelijke migratie pad van fixed WiMAX naar mobiel WiMAX is geen issue.
Aangezien deze twee toepassingsgebieden voor fixed WIMAX en mobiel WiIMAX erg
verschillende gebieden zijn.

10. Welke economische en marketing factoren acht uw bedrijf van kritisch belang voor
het succes of falen van deze WiMAX variant in Nederland?

Het is een kip-ei probleem. Voor een massa-markt adoptie is het van belang dat er
devices op de markt zijn met WiMAX-chipsets om zo het gebruik van WiMAX te
stimuleren. Indien er nog maar een beperkt aantal gebruikers is dan zullen
chipfabrikanten minder snel geneigd zijn om devices met WiMAX-chipsets op de markt
te brengen aangezien er geen economische schaalvoordelen te behalen zijn.

Bij dit proces is de factor tijd belangrijk en langzamerhand zullen er devices komen met
WiMAX-chipsets. De beslissing valt en staat bij de kosten per eenheid hiervan.

11. Welke sociale factoren acht uw bedrijf van kritisch belang voor het succes of falen
van deze WiMAX variant in Nederland?

Het gebruikersgemak is een cruciale factor. Op het moment moet men bij iedere Wifi-
hotspot opnieuw inloggen en/of overschakelen op een andere provider. Zowel roaming
als seamless handoffs mogelijkheden zullen cruciaal zijn voor het succes van WiMAX.
Ook in de Wifi-hotspot wereld worden deze twee issue’s nog nauwelijks verzorgd. De
twee grote service provider, die internationale roaming overeenkomsten verzorgen, zijn
Ipass en Gric.





Deployment strategie

12. Welke geografisch gebieden zijn het geschiktst voor de toepassing van WiMAX in
Nederland?

Het Noordoosten van het land is ondanks de geringe bevolkingsdichtheid een geschikt

toepassingsgebied om enige business te ontwikkelen. De bereidheid van de klant om een

hogere prijs te betalen is daar ook groter dan in stedelijke gebieden.

Een ander toepassingsgebied is de haven.

13. Op welk(e) klantsegment(en) zou een aanbieder van WiMAX zich moeten richten?
WiIiMAX zal in de eerste jaren een aantal specifieke toepassingen kennen, bijvoorbeeld
schippers of recreatie zeilers.

14. Hoe groot is de omvang van deze WiMAX markt?

De omvang van de fixed WiMAX markt is zeer gering. Er zijn teveel technologische
alternatieven. De chipfabrikanten zijn hierdoor mogelijk niet geinteresseerd aangezien er
geen economische schaalvoordelen te behalen zijn.

15. Welk type dienst(en) zou aangeboden moeten worden gebruikmakend van WiMAX?
WiMAX is een access technologie en het is niet van belang te weten welke specifieke
diensten hierover aangeboden worden.

WiMAX kan voldoende bandbreedte bieden voor het eventuele aanbieden van triple play
diensten.

16. Welke frequentieband acht u het geschiktst om WiMAX diensten aan te bieden?

De spectrummogelijkheden voor WiMAX zijn divers. Een voordeel van het gebruik van
een gelicenseerde frequentieband is QoS. Een voordeel van het gebruik van een
ongelicenseerde frequentieband is de laag drempeligheid van de toepassing van de
technologie. Het kan dienen als een innovatieaanjager. Er kan een vergelijking met Wifi
getrokken worden. Dit is ook een lage kosten optie is.

Een algemene trend in de telecomsector is dat aanbieders bereid zijn om kwaliteit voor
lage kosten te verzorgen. In het verleden dacht KPN dat het ondenkbaar was dat men de
vaste telefoonlijn zou opzeggen ten behoeve van mobiel vanwege de mindere kwaliteit.





Open Vragen

17. Wat zijn de belangrijkste onzekerheden rond WiMAX?

Er zijn weinig onzekerheden betreffende WiMAX. Het is een technologie dat in haar
kinderschoenen staat. Op het moment komen bepaalde specifieke toepassingen van de
grond. De verdere ontwikkeling heeft tijd nodig en een massa-markt adoptie laat nog op
zich wachten, maar dit is niet ongebruikelijk voor nieuwe technologieén. Het hangt sterk
af van wat er gebeurt op andere technologische gebieden. De dynamiek hierin is erg
groot.

18. Binnenkort ga ik naar Japan om onderzoek te doen naar WiMAX toepassingen, welke
vragen (anders dan in dit interview) zou ik daar moeten stellen?

In Nederland ligt de focus voor de toepassing van WiMAX op de business case

mogelijkheden. Maar hoe zit dit in Japan? Het zou zo kunnen zijn dat de overheid

WIiMAX gewoon in de markt zet. De business case zou in Japan niet de primaire

overwegingfactor hoeven zijn.

19. Welke vraag is in dit interview niet naar voren gekomen, maar is volgens uw bedrijf
wel van belang?

Een cruciaal aspect voor de ontwikkeling en toepassing van WiMAX is de

antennetechnologie. Dit is in Korea de grote bottleneck geweest voor de ontwikkeling

van Wi-Bro. Hoe wordt er in Japan omgegaan met dit technologische aspect?
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Interview DGTE 1





1. Hoe zit het politieke kader eruit waarbinnen DGTE opereert?

Abstract Niveau 1. ITU

Concreter Niveau 2. EU: Commissie Brussel (juridisch bindend, vaak langere
besluitvorming) en het CEPT (adviserend)

Concreet Niveau 3. DGTE

Organisatie omtrent WiMAX

2. Is er specifiek iemand verantwoordelijk voor Wifi en WiMAX binnen DGTE?
Ten aanzien van BWA is er een nieuwe discussie op gang op Europees niveau en
binnen het CEPT. (Projectleiders vanuit NE Lucas van de Hoek en Peter Anker)
Discussie over de harmonisering van het spectrum; Wat gelicenseerd en
ongelicenseerd?

3. Welk toepassingsgebied heeft de grootste potentie voor WiMAX?

Savelkoul heeft het plattelandsgebied de grootste potentie voor WiMAX.

Anker voorzichtiger: bepaalde niche-markten

Het zou goed zijn dat Enertel extra concurrentie krijgt. Dit zorgt voor dynamiek en
kwaliteitsverbetering, etc. Denk in dit geval ook aan het KPN ADSL voorbeeld in de
plattelandsgebieden (KPN eerst niet, concurrentie, toen wel)

4. Watis de rol van DGTE
In reactie op Savelkoul.
e Stimulerend (vraagbundeling en BB initiatief)
e Effectieve frequentie verdeling. Frequentie zodanig uitgeven dat de meeste
business opportunity voor BV Nederland te behalen valt. Slogan verdienen
MET frequenties niet AAN frequenties.
Flexibiliteit door:
e Technisch onathankelijk
e Dienst onafhankelijk
e Verhandelen vergunning mogelijk

5. Technologie neutraliteit van DGTE
Ja, DGTE neutraal en wil zelfs niet meer frequenties aan alleen vast of mobile
koppelen zoals in oude beleid.

6. Waarom niet vergunningen voor alle frequenties?
Innovatie stimuleren. Voorbeeld in de 2.4Ghz zijn veel initiatieven ontstaan. Deze
frequentie was vrij vanwege de magnetron, nu ook Bluetooth, Wifi op zelfde
frequentie. Succes 2.4Ghz ook zijn ondergang aangezien het erg ‘druk’ werd dus
RLAN naar 5Ghz toe.

Frequentiebeleid

7. Hoeveel 2.5Ghz vergunningen?Hoeveel 2.5Ghz vergunningen zijn er? Hoeveel
2.5Ghz vergunningen zullen er worden afgegeven? Wie hebben nu een 2.5Ghz
vergunning (Wevoli)? Wanneer kunnen nieuwe 2.5Ghz vergunningen worden
aangekocht?
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Er bestaat 1x 2.6Ghz licentie nu in het bezit van Wevoli, nadat Versatel deze heeft
doorverkocht. De licentie is tot 2008. Daarna is deze band eigenlijk bestemd voor
IMT2000/UMTS.

Maar op Europees niveau is er een discussie gaande om het toepassingsgebied voor
deze frequentie breder te maken. NE is voor mobiel gebruik en legt de
verantwoordelijkheid bij de vergunninghouder wat ze er precies mee willen doen.

Interessant is te weten waarom Versatel zijn ‘WiMAX -licentie heeft verkocht? De
bedrijfsstrategie van Versatel is veranderd. Eerst een carrier select en ISP. Toen
2.6Ghz handig voor draadloze internet toegang. Maar nu, na overname door Tele2?

Hoeveel 3.5Ghz vergunningen zijn/zullen er worden afgegeven? Wie hebben nu een
3.5Ghz vergunning? Wanneer kunnen nieuwe 3.5Ghz vergunningen worden
aangekocht?

Er is slechts een 3.5Ghz licentie loopt tot 2015 en alleen Enertel heeft een
vergunning. Er komen in de directe toekomst niet meer vergunningen. De 3.5Ghz is
in eerste instantie bestemd voor slechts fixed. Men moest ook aangeven waar de
antennes staan. Maar nu is nomadisch gebruik ook mogelijk.

Wens DGTE opstellen van deze frequentie voor een bredere toepassing. Hierover een
internationale discussie.

Op Europees niveau zijn er plannen om dit frequentie gebied ‘op te rekken’ met 3.6-
3.8Ghz. Het proces is bijna rond en binnenkort komt er een EU besluit over, mogelijk
juni 2006. De publieke consultatie is te vinden op www.ero.dk

Is de 5.8Ghz frequentie vergunning vrij in Nederland?

In de 5.25-5.85 band bevinden zich de Defensie Radio systemen en deze hebben
voorrand boven andere technologieen. In dit verband wordt de term DFS (Dynamic
Frequency Selection) veel gebruikt. DFS ontwijkt andere radio systemen. De
omgeving wordt afgeluistert en er wordt gezocht naar een vrij kanaal, zodat de
Defensie Radio Systemen altijd ontweken worden.

Er is op het moment een Europese discussie gaande of andere technologieen op dit
spectrum toegelaten zouden moeten/kunnen worden. In eerste instantie is Defensie
tegen, maar na uitgebreide testresultaten, die uitwijzen dat andere technologieen niet
storen met de Defensie Radio Systemen (DFS).

Dus eerst moet Defensie hiervan overtuigt worden. Mogelijk najaar 2006 hierover
uitsluitsel.

Discussie inzien op www.ero.dk ; meeting documents; joined project team BWA,
terms referance.

De 5Ghz band is opgesplitst in het onderste deel 5.150-5.725 voor mobiel gebruik en
het bovenste deel voor vast gebruik.





Achtergrond splitsing. RLAN zat eerst alleen in het licentievrije 2,4Ghz en ook het
buitengebruik was licentievrij. Na inventariseren waarvoor deze frequentie allemaal
gebruikt werd, bleek dat de toepassing niet alleen voor hot spots was, maar ook
LAN’s en straalverbindingen, etc.

Resultaat: druk in 2.4Ghz band en RLAN had meer ruimte nodig. Dus 5Ghz band die
in principe bestemd was voor vast, maar nu dus ook voor mobiel. De splitsing is
noodzakelijk vanwege de verschillende onderliggende techniek van vast en mobiel.
Nu groeit de splitsing weer naar elkaar toe. Bijvoorbeeld WiMAX begon alleen als
fixed, maar nu ook een mobile variant.

Strategische issues
10. Welk van de onderstaande aspecten zijn de strategische WiMAX issues in Nederland
volgens DGTE?

Generated issues
Industry issues
e Target market

e  Product availability
e Partnership

e Timeline
Regulatory/legal issues

® Spectrum issues
e Rooftop issues

Technological issues
e Interoperability
®  Security

o Ease of migration fixed to mobile
Financial/economical issues

e (Costs

e Revenue opportunities

Social issues

e Adoptation rate of WiMAX

e Health, radiation issues

e Trustin WIMAX, e.g. security

e Customer Need/demand for WiMAX

Rooftop issues; het plaatsen van antennes en gezondheidsproblemen is een lastig
issue voor alle wireless initiatieven. De weerstand van de burger wordt ook groter om
zendmasten op hun daken te plaatsen. Voorheen deed men er niet moeilijk over,
inkomsten waren belangrijkst. Deze issues maken het lastig voor WiMAX SP’s.
Target market; het is een krappe markt, een niche.

Spectrum issue; in Nederland zijn er zeer beperkte mogelijkheden
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Interview DGET 2





DGET
1. Is er specifiek iemand verantwoordelijk voor Wifi en WiMAX binnen DGTP?
Nee.

2. Worden deze draadloze technologieén van groot belang geacht (of ligt de focus op
wireline)?
In principe is DGTE technologie neutraal.

3. Wi-Max concreet beleidsissue, passief of actief?

Nee, WiIMAX is op het moment nog geen beleidsissue. Pas wanneer er behoefte is
vanuit de markt, zal DGTE een actievere rol innemen. WiMAX wordt gezien als
‘logische kandidaat’ voor een toekomstig beleidsissue.

Deze beleidsissue zal zich dan richten op dekking en marktsituatie. Volgens
Savelkoul heeft het plattelandsgebied de grootste potentie voor WiMAX. Als er bij
een dergelijk plattelandsgebied project publiek geld gemoeid is, b.v. wanneer er van
consumenten een vraagbundeling hiernaar ontstaat, dan moet bepaald worden of deze
staatssteun wel mag binnen het kader van Brussel, marktdominantie (OPTA) etc. Ook
zijn voor dit soort projecten publiek/private samenwerkingen mogelijk.

4. Zijn er plannen om het frequentiebeleid aan te passen en b.v technologie neutraal te
maken?
Frequentiebeleid b.v. tav UMTS zal niet worden teruggedraaid wanneer blijkt dat
andere technologieén die specifieke frequentie ook ‘nodig’ hebben. Zodoende wordt
er wel degelijk een duidelijke technologie keuze gemaakt.

5. Positie DGTE tav Breedband en WiMAX?

e Geen actieve rol, maar laat de markt het regelen/vanuit de markt.

e Rol DGTE. In Nederland is sprake van een bottom-up proces. De overheid
stimuleert het gebruik van breedband wel, maar blijft hierbij zoveel mogelijk
technologie neutraal. De rol van DGTE is het ‘in toom houden’ van de
breedbandmarkt. Zijn bepaalde initiatieven en ontwikkelingen mogelijk binnen
het beleid van DGTE? Haar functie ligt slechts op het beleidsmatige niveau, b.v.
het frequentiebeleid’. De keuze voor een bepaalde technologie ligt dus niet bij
DGTE, maar deze ligt bij de aanbieders. Waarschijnlijk is wel dat DGTE tav
WiMAX een faciliterende rol zal spelen. Hierbij is timing van cruciaal belang. Is
er behoefte vanuit de markt voor WiMAX? Pas dan zal DGTE een actievere rol in
gaan nemen.

e In eerste instantie hebben veel overheden een actieve rol tov breedband gespeeld
aangezien de incumbents niet vernieuwend waren maar eerder hun positie wilden
houden.

e DGTE zal geen WiMAX business modellen maken, wel zal DGTE deze business
modellen van zowel bedrijven als overheden monitoren. Zodoende te bepalen
welk business model ‘BV Nederland’ het meest op zou leveren.

? Vergunningen/licenties uitgegeven door Agentschap Telecom
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6.

e Tegenwoordig wordt er door gemeenten/bedrijven veel gewerkt met het ‘open
marktplaats model’®, b.v. in Deventer waar KPN en Essent netwerk delen en
zodoende ook beschikking hebben over elkaar’s klantenbestand. Hier spelen
technische en bestuurlijke issues een grote rol. Bij deze ‘open marktplaats’
initiatieven worden ook de draadloze netwerken betrokken, b.v in Oosten en
Noorden dit model ?veel gebruikt/potentie?

Technologie neutraliteit van DGTE?

In principe is DGTE technologie neutraal, maar, doordat bepaalde frequenties
toegeschreven worden aan bepaalde technologieén voor een bepaalde periode, wordt
er toch een keuze gemaakt. Bij deze keuze zijn twee issues van belang; technologie,
marktordening.

Echter gemeenten zijn vaak niet technologie neutraal, b.v. Amsterdam FTTH project.
In Nederland is het daarom ook niet uit te sluiten dat overheden zelf wat met WiMAX
gaan doen. DGTE echter niet, deze heeft slechts adviserende en stimulerende rol.

Strategische issues

7.

Welk van de onderstaande aspecten zijn de strategische WiMAX issues in Nederland
volgens DGTE?

Generated issues Selected issues
Industry issues
o Target market e Target market

®  Product availability
e Partnership

e Timeline e Timeline
Regulatory/legal issues

® Spectrum issues ® Spectrum issues

e Rooftop issues
e Regulatory Environment

Technological issues

e Interoperability e Interoperability

e Security

Financial/economical issues

e Costs e Costs

e Revenue opportunities » Revenue opportunities
Social issues

o Acceptance of WiMAX

e Health, radiation issues

e Trustin WiMAX, e.g.
security

e Customer Need/demand
for WiIMAX

3 Bestaande infrastructuur aan elkaar; daarop worden diensten lokaal aangeboden; mogelijk doorgetrokken
naar andere steden.
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Industry issues
e Dit wordt aan de bedrijven over gelaten.

Rooftop issues
e Deze worden van belang geacht. Vragen omtrent gezondheid en
horizonvervuiling. DGTE wacht op het contra-onderzoek wat het UMTS
onderzoek moet verifiéren, maar verwachte uitkomst contra-onderzoek zal
gaan duidelijkheid geven.
e Het is een maatschappelijk debat wat ook in de tweede kamer gevoerd wordt
en kan de uitrol belemmeren.

Regulering issues
e Vergunningen
e Marktsituaties, dit speelt nog niet voor DGTE pas wanneer er publiek geld
indirect of direct geinvesteerd wordt of wanneer vanuit de markt zelf
bedrijven geld gaan investeren in WiMAX. Reflectie dit gebeurt dus al, vanuit
markt Enertel en nu ook Riverconnect die mogelijk met subsidie van DGTE
WiMAX gaan deployen (licentie van Versatel overgekocht).

Security issues
e Eris algemeen security beleid, maar niet specifieck voor WiIMAX
e Het belang hangt af van waar het over gaat.

Revenue issues
e Als er kansen zijn dan is dat mooi, zorgt voor dynamiek in de markt, maar DGTE
gaat niet zelf in de markt
e Wel stimuleren aan vraagkant, vraagbundeling, maar dit gaat nog niet gepaard
met geldelijke investeringen. Dus indirect.

Health issues
e Dit wordt pas een issue voor WiMAX als men gaat klagen

8. Wat zijn de kansen/mogelijkheden van WiMAX in Nederland?
Savelkoul ziet in het platteland de grootste potentie voor WiMAX, maar dit moet nog
bezien worden. DGTE zal pas ingrijpen als er een ‘witte vlek’ ontstaat in dekking of
breedband mogelijkheden voor gebruikers.
Wanneer WiMAX meer bekendheid krijgt b.v. via bedrijfsinitiatieven (Enertel,
Riverconnect) dan mogelijk vraag vanuit gemeenten en overheden omhoog.

Onderzoek Japan
9. Met welke gewenste resultaten/antwoorden terug uit Japan?
e FEigen onderzoek doen, geen eisen DGET.
e Wel interesse in een aantal eerder genoemde aspecten, mooi meegenomen als
hierover duidelijkheid komt.
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WiMAX en Nederland

De technologie WiMAX

1. Welke WiMAX technologie variant acht T-Mobile het meest interessant voor haar
bedrijfsvoering? (vast, mobiel)

‘In de mobiele markt zijn al veel verschillende technieken beschikbaar zoals GSM,
UMTS en HSDPA. De vraag die hierbij naar voren komt is: Wat voegt mobile WiMAX
toe? De performance van mobile WiMAX is niet onderscheidend beter dan de
performance van HSDPA.’

Concluderend; de mobiele markt is vrij vol en mobiel WiMAX is op performance niveau
niet onderscheidend ten opzichte van andere beschikbare technieken, zoals HSDPA.

‘De vaste breedband markt in Nederland kenmerkt zich door een hoge DSL en kabel
penetratie. Er is op de Nederlandse vaste breedband markt veel concurrentie. Het is niet
zo dat alleen de incumbent breedband aanbiedt, zoals in sommige andere landen.

Draadloos breedband kent een aantal voordelen zoals een relatief makkelijke en
schaalbare deployment. Daarnaast is het ook een kosteneffectieve netwerkoplossing.
Maar de Nederlandse markt is gezien de hoge vaste breedband penetratie een erg lastige
markt. Om te kunnen concurreren zou men dus laag moeten gaan zitten met de prijs. Een
dergelijke prijscompetitie is echter geen gezonde basis voor een business case. Aangezien
andere vaste breedband partijen ook gemakkelijk hun prijzen kunnen verlagen waardoor
de business case niet meer haalbaar is.

Dus in principe is fixed WiIMAX het meest interessant als technologie.’

2. Hoe positioneert T-Mobile de WiMAX technologie ten opzichte van andere
technologieén

‘De mobiele variant van WiMAX positioneert zich tegenover HSDPA en andere mobiele
proprietary breedband technieken, zoals Flarion. HSDPA is mede door de invloed van
WiMAX veel sneller op de markt gekomen. WiMAX is vooral een wide area toepassing.
De techniek van WiMAX is niet de voornaamst beperkende factor, maar de business case
mogelijkheden in Nederland zijn dat.

De vaste variant van WiMAX is een concurrent van DSL en kabel toepassingen.’

3. Wat zijn, volgens T-Mobile, de sterktes van deze WiMAX technologie variant ten
opzichte van deze andere technologieén?

‘De sterkte kanten van WiMAX ben ik sceptisch over. Het is een Intel product en wordt
erg op de markt gepusht. Wanneer een vergelijking wordt getrokken met Wifi, dat ook
sterk gepusht is door Intel, dan is dit voor de eindgebruiker positief. Aangezien een snelle
uitrol van Wifi hotspots heeft gefaciliteerd.

(Confidential information has been removed)
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De kracht van een echt mobiele techniek zijn de kenmerken overal en altijd. WIMAX kan
dit mogelijk niet helemaal leveren. Dus WiMAX heeft niet echt iets unieks.

Het standaardisatieproces van WiMAX echter kan wel beschouwd worden als positief en
snel.’

4. Wat zijn, volgens T-Mobile, de zwakheden van deze WiMAX technologie variant ten
opzichte van deze andere technologieén? (b.v. hand-offs, mobiliteit)

‘De mobiliteitsmogelijkheden van WiMAX laten nog te lang op zich wachten. Het ligt
ver in de toekomst.

Op het moment is het vooral fixed WiMAX, waarbij issue’s als hand-offs en mobiliteit
geen rol spelen. WiIMAX zou zich eerst moeten bewijzen als een goed substituut in de
vaste breedband markt

Een ander groot probleem van WiMAX is de interoperabiliteit met andere technieken.’

5. Wat beschouwt T-Mobile als de belangrijkste toepassingsmogelijkheden van deze
WiMAX variant in Nederland?

‘Behalve een dergelijke manier waarop Enertel WiMAX inzet als T1 vervanging voor de
zakelijke markt, zie ik geen rendabele mogelijkheden.’

Zou het plattelandsgebied bijvoorbeeld het Noordoosten van Nederland geen
toepassingsmogelijkheid voor WiMAX kunnen zijn? Of een bepaalde niche markt?

‘Op zich zou dat kunnen, maar het aantal mogelijke klanten is dan wel heel klein voor
een sterke business case.

Ook zou een niche markt tot de mogelijkheden behoren. Ik geloof wel in de
kosteneffectieve voordelen van het opzetten van een WiMAX netwerk. Met weinig
financi€le middelen kan er wel wat opgezet worden.’

6. Wat beschouwt T-Mobile als de belangrijkste bedreigingen voor de toepassing van
deze WiMAX variant in Nederland?

‘Wat betreft de fixed WiMAX variant zijn DSL en kabel de grote bedreigingen.
Daarnaast heeft WiMAX niets onderscheidends ten opzichte van andere mobiele
breedband technieken.’

De Nederlandse context

1. Welke regulerende factoren acht T-Mobile van kritisch belang voor het succes of falen
van deze WiMAX variant in Nederland? (b.v. spectrum beschikbaarheid, wetgeving
plaatsing zendmasten)

‘De beschikbaarheid van het spectrum is niet echt een issue. Aangezien er in de 3-4Ghz
banden wel frequentieruimte vrij is.

21





Het bouwen van zendmasten blijft een probleem dat echter wel te overkomen is. Maar
hoeveel masten kan een land als Nederland aan met het oog op de beschikbare ruimte en
de horizonsvervuiling? Zijn er in Nederland niet te veel netwerken? De Nederlandse
overheid is hype gevoelig en probeert haar kansen zo veel mogelijk te benutten. Maar
krijgen bedrijven wel de kans om hun investeringen in de oude netwerken terug te
verdienen. Er dient hierbij gelet te worden op de grootte van de Nederlandse markt.’

Concluderend; regulerende factoren in Nederland zullen niet van kritisch belang zijn voor
het succes of falen van WiMAX.

2. Welke technologische factoren acht T-Mobile van kritisch belang voor het succes of
falen van deze WiMAX variant in Nederland? (b.v. interoperabiliteit, security,
schaalbaarheid, technologische volwassenheid, migratie pad vast-mobiel)

‘De interoperabiliteit van WiMAX met andere technologieén is een kritische issue.

De verscheidene beveiligingstechnieken zijn beschikbaar en daarom is beveiliging geen
cruciaal probleem voor WiMAX. HSDPA en UMTS zijn bijvoorbeeld zeer zwaar
beveiligd. Vaste lijnen zijn zelfs makkelijker af te tappen dan draadloos.

Wat de technologische volwassenheid betreft wordt verwacht dat mobiel WiMAX pas
vanaf 2008 beschikbaar zal zijn.’

Over het migratie pad van vast naar mobiel worden geen duidelijke uitspraken gedaan,
maar er wordt gesuggereerd dat vast en mobiel WiMAX twee gescheiden werelden zullen
zijn.’

Concluderend; een technologische factor, die van kritisch belang is voor het succes of
falen van WiMAX, is interoperabiliteit.

3. Welke economische en marketing factoren acht T-Mobile van kritisch belang voor het
succes of falen van deze WiMAX variant in Nederland? (b.v. kosten, snelheid
marktaanvaarding WiMAX prijs en beschikbaarheid handsets)

‘De kosten zijn een belangrijke factor, maar de kosten van de locaties voor de
basisstations zijn duurder dan de apparatuur zelf.

Voornamelijk de marketing aspecten rondom WiMAX zijn van kritisch belang voor haar
succes en niet zozeer de technische aspecten. Wat is er unick aan WiMAX? Het
presenteren van de unieke voordelen van WiMAX is een uitdaging. Kunnen er voldoende
onderscheidende proposities gecreéerd worden, die afwijken van wat er al in de markt is?
Alleen een competitie op gebied van prijs is niet voldoende.

De prijs en beschikbaarheid van de handsets en CPE’s is belangrijk. Indien Intel haar
WiMAX-chips gaat incorporeren in laptops dan is dit bijzonder positief voor het
mogelijke slagen van WiMAX, aangezien het de klanten dan erg makkelijk maakt om
WiMAX services te gebruiken. Maar de vraag is of Intel dit gaat.
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Een ander belangrijke issue is de subsidiering van de WiMAX hotzones. Wie gaat ervoor
deze WiMAX hotzones betalen, zoals de huidige Wifi hotspots nu betaald worden. Hotels
en luchthavens vinden hotspots tegenwoordig een absolute ‘must’ en betalen deze vaak
zelf. Op het moment wordt voornamelijk het hogere eind van de zakelijke markt bereikt
en de uitdaging is nu ook het midden segment van de zakelijke markt te bereiken. Een
belangrijk marketing aspect hierbij is dat de klant bekend moet raken met de
mogelijkheden van draadloze toegang. De Wifi markt, net zoals de WiMAX markt, dient
te worden opgebouwd.’

Concluderend; belangrijke economische en/of marketing factoren zijn de prijs en
beschikbaarheid van WiMAX-chips in laptops en andere handsets, de subsidiering van
WiMAX hotzones en de marketing promotie voor WiMAX.

4. Welke sociale factoren acht T-Mobile van kritisch belang voor het succes of falen van
deze WiMAX variant in Nederland? (b.v. straling en gezondheid, bereidheid van
grondeigenaar plaatsing zendmasten, consument vertrouwen in veiligheid draadloze
technologieén)

‘De zorg over straling kan een probleem zijn, gezien het grote aantal zendmasten dat
WiMAX nodig heeft. Daarnaast is veiligheid ook heel belangrijk.’

WiMAX forum
Het WiMAX Forum maakt de volgende claims met betrekking tot de voordelen van een
standaard voor service providers®.

e Een gemeenschappelijk platform drijft de kosten naar beneden en stimuleert
gezonde competitie en innovatie

e Een relatief lage initi€le CAPEX investering en incrementele uitgaven die gepaard
gaan met groei

e Geen commitment aan een enkele toeleverancier

o Wereldwijde interoperabiliteit

¢ Draadloze systemen reduceren het investeringsrisico van de operator significant

5. Wat is de beleving van T-Mobile hierbij?

‘Tk ben het hier helemaal mee eens, maar deze voordelen zijn niet uniek voor WiMAX.
Ook andere technologieén zoals GSM en UMTS zijn gebaseerd op wereldwijde
standaards en bieden vergelijkbare voordelen.’

Deployment strategie

1.0p het moment heeft T-Mobile geen concrete plannen met WiMAX. Heeft T-Mobile
testen gedaan met een pre-WiMAX netwerk?

‘T-Mobile Nederland heeft zelf geen testen gedaan, maar het moederbedrijf Deutsche
Telecom heeft dit wel gedaan.’

2. Wordt T-Mobile Nederland direct gestuurd door Deutsche Telecom?

* http://www.WiMAX forum.org/technology/benefits/
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‘Aangezien de markten per land veel van elkaar verschillen wordt T-Mobile Nederland
niet sterk gestuurd door Deutsche Telecom. Het moederbedrijf Deutsche Telecom brengt
echter wel een focus aan op een aantal technieken. Op het moment richt men zich niet op
mobiel WiMAX aangezien de focus op HSDPA ligt.

Daarnaast is T-Mobile Nederland een mobiel bedrijf en daarom zal het zich niet richten
op de fixed WiMAX. T-Mobile biedt echter wel Wifi-hotspots services aan. Het doel
hiervan is om klanten een idee te geven van wat de mogelijkheden zijn van mobiele data.
De klanten worden zo warm gemaakt voor het gebruik van dergelijke services, zodat deze
klanten zullen doorgroeien naar HSDPA.’

3. Kan T-Mobile fixed WiMAX niet gebruiken voor cellular backhaul?
‘Op zich zou dat kunnen, maar T-Mobile gebruikt hiervoor al een andere proprietary
PTM techniek van Ericsson. Dit zou mogelijk een pre-WiMAX techniek kunnen zijn.

T-Mobile heeft een 26Ghz licentie gekocht en gaat deze gebruiken voor de backhaul van
het UMTS netwerk. T-Mobile maakt geen gebruik van huurlijnen van KPN en had
hiervoor al een PTP backhaul. Dit bood echter voor grote breedbandigheid van UMTS
niet genoeg capaciteit.

Ik weet niet of tijdens de besluitvorming voor deze proprietary backhaul oplossing
WiMAX ook onderzocht is.’

De gebruikte proprietary technologie van Ericsson is geen pre-WiMAX technologie,
maar is een LMDS technologie. Het gebruikte product van Ericsson is MiniLink.

4. Beschouwt T-Mobile andere bedrijven, die op WiMAX gebaseerde diensten aanbieden,
als mogelijke concurrenten?

‘De mobiele WiMAX variant is ten opzichte van HSDPA een concurrent. Als men naast
data verkeer ook spraak gaat aanbieden dan wordt mobiel WiMAX een serieuze
concurrent.’

4a. Voor welke andere bedrijven met welke technologieén zijn bedrijven, die op WiMAX
gebaseerde diensten aanbieden, een concurrerende bedreiging?

‘In principe is fixed WIMAX een concurrent van DSL en kabel. Maar dit is in Nederland
een behoorlijke vechtmarkt, zodat het erg moeilijk voor WiMAX gaat worden.’

5. Op welk geografisch gebied zou een aanbieder van WiMAX zich moeten richten?

‘In het stedelijke gebied zal WiMAX capaciteitsproblemen krijgen met betrekking tot het
aansluitnet. Daarom heeft WiMAX op het platteland meer kans, maar het aantal klanten
voor een rendabele business case is daar wel laag.’

6. Op welk(e) klantsegment(en) zou een aanbieder van WiMAX zich moeten richten?
(zakelijk, consumenten, niche markt)
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‘Voor de consumenten markt zou WiMAX een mogelijkheid kunnen zijn. WiMAX is
namelijk erg geschikt voor de WLL, maar kan WiMAX op de WLL meer voor elkaar
krijgen dan koper. Ik ben zelf erg positief over de verdere groei mogelijkheden van
koper.

Maar als bijvoorbeeld de maximale capaciteit van het ADSL netwerk bereikt is dan zou
WiMAX als een overlay netwerk gebruikt kunnen worden.

Als men WiMAX wil gebruiken voor de WLL dan moeten er heel veel masten geplaatst
worden en dit is altijd een probleem.

De zakelijke markt is een betere optie, zoals Enertel bijvoorbeeld. Aangezien zakelijke
klanten hogere eisen stellen aan de kwaliteit van de verbinding. Met WiMAX heb je zelf
alles in de hand om aan deze eisen van de klant te voldoen. Het gebruik van WiMAX kan
met minder klanten nog steeds een rendabele business case opleveren, vooral in de
zakelijke markt.’
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Open Vragen

1. Wat zijn voor T-Mobile de belangrijkste onzekerheden rond WiMAX?
‘Een onzekerheid is of mobiel WiMAX {iberhaupt wel op de markt komt en hoe mobiel is
deze WiMAX variant dan. Is het slechts nomadisch of ook echt mobiel?

Andere onzekerheden zijn de uiteindelijke performance karakteristicken van WiMAX.
Deutsche Telecom heeft een vergelijkende analyse gedaan waarbij de performance van
mobiel WiMAX niet beter blijkt te zijn dan HSDPA.

HSDPA maakt gebruik van de 2Ghz band waardoor er minder basisstations nodig zijn
voor het netwerk en dus minder locaties voor de basisstations. WiMAX maakt gebruik
van de 3.5Ghz band waardoor er meer basisstations nodig zijn en meer locaties. Hoe gaat
WiMAX dit oplossen?’

2. Binnenkort ga ik naar Japan om onderzoek te doen naar WiMAX toepassingen, welke

vragen (anders dan in dit interview) zou ik daar moeten stellen?

‘Een aantal vragen zouden interessant zijn:

e Hoe ziet de vaste breedband markt er in Japan uit?

o Welk marktsegment wordt op gericht?

e Wat zijn de propositie voordelen? Wat wordt gebruikt om het te verkopen? Is dit de
prijs of het gemak, etc.

e Wat is de strategie en het business model van de service provider? Is het de
incumbent, die de markt verdedigt?

e Welke diensten worden er aangeboden?

e Zijn de lokale karakteristieken bepalend voor het succes?’

3. Welke vraag is in dit interview niet naar voren gekomen, maar is volgens T-Mobile wel
van belang?

‘Er zijn geen belangrijke vragen niet naar voren gekomen. De gestelde vragen dekken de
afwegingen voor service providers goed af.’
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Location: KDDI Headquarter, Tokyo
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WiMAX and Japan

The technology WiMAX

1. Is KDDI besides mobile WiMAX also interested in fixed WiMAX?

Basically KDDI is interested in any technology, but the research focus is on mobile
WiMAX now. It is also important to understand that mobile WiMAX does not
necessarily have to be used for mobile or portable applications. It could also be used as
fixed.

2. What are the technological strengths/weaknesses of the mobile WiMAX standard with
respect to these other technologies?

This is what KDDI has to find out in the coming years. The IEEE802.16e standard is a

good candidate for offering broadband services at a cheap price. But the exact

characteristics of mobile WiMAX are being evaluated now.

3. What do you consider to be the most important opportunities for this WiMAX
standard in Japan?

KDDI has already invested strongly in its nation-wide CDMA network and has upgrade
this to 1x EV-DO. Therefore, KDDI will not deploy a nation-wide WiMAX network.
Mobile WiMAX is expected to be a part of an overlay system and will be
complementairy to the 3G cellular system of KDDI. The addition of mobile WiMAX is
to achieve higher data rates in areas where a lot of congestion exists. So it will be
primairliy applicable in high dense urban areas where the demand for broadband is high.
Another option is to deploy a mobile WIMAX network in rural areas, where no ADSL
connection is available, but is a secundaire deployment option.

The setup of the network must be a dual mode type and thus the terminals must be dual
mode as well, but in which way is still largely uncertain.

4. What do you consider to be the most important threats for this WiMAX standard in
Japan?
This question has not been answered.

Trial Experiences

5. What are the results of KDDI’s mobile WiMAX system trial?

KDDI developed an IEEE802.16e-based mobile WiIMAX system and has conducted its
field trial in Osaka since July 2005. Mobile WiMAX is capable of broadband
transmission even on the move at 120km/h. Its characteristics, from the fundamental
propagation to the applications such as VolIP and video streaming, successfully confirmed
through the trials.

In the trial three 802.16e Access Points are collocated with existing 3G cellular base
stations and it is using an on-board test terminal receiver in the vehicle. This receiver is a
card-mode type of terminal which goes into the laptop in similar way as Wifi-cards. But
in the future it is also intented to build handsets with mobile WiMAX.

The transmitting frequency being used is in the 2.0 GHz band, because KDDI already has
a license for the use of this frequency. The parameters being measured are the receiving
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power and the throughput while moving at a speed of less than 60km/h. Testing higher
speeds are not possible in the trial setup, because the trial is not executed on a highway
but in a residential area.

It is unclear yet when the first commercial trials can start.

External relations
6. KDDI has interest in both CDMA2000 (Qualcomm) and WiMAX (Intel). How are
these mutual relations developing?

KDDI wants to invest in other technologies, because being depend on the monopoly
position of Qualcomm is never good. Therefore, KDDI is looking for alternative ways to
be more flexible in the future. Alhtough KDDI is very pleased with EV-DO they want
more flexibility. So a good balance needs to be found between EV-DO network
extensions and mobile WiMAX, if all the test results are satisfactory.

7. With which equipment manufacturers is KDDI planning to cooperate for its mobile
WiMAX system?
It is premature to answer.

The Japanese context

8. Which regulatory factors do you consider to be of critical importance for the success
or failure of this WiMAX standard in Japan?

The licensing issue of the 2.5 GHz spectrum band is a very critical issue and depends

hgihly on the decision of the MIC. The standardization organisation ARIB is discussing

whether it is possible to have two different mobile BWA systems in the 2.5 GHz band.

But mobile WiMAX is a strong candidate for this frequency.

9. Which technological factors do you consider to be of critical importance for the
success or failure of this WiMAX standard in Japan?
Due to time constraints, this question has not been asked.

10. Which economical or marketing factors do you consider to be of critical importance
for the success or failure of this WiMAX standard in Japan?
Due to time constraints, this question has not been asked.

11. Which social factors do you consider to be of critical importance for the success or

failure of this WiMAX standard in Japan?
Due to time constraints, this question has not been asked.
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Deployment Strategy

Timeline

12. When is KDDI planning to commercialize mobile WiMAX and how?

Now KDDI is only evaluating the technological capabilities of mobile WiMAX. Based
on the results of the trials and studies a better decision can be made on how to use mobile
WiMAX. So, at this moment the way how to deploy mobile WiMAX and the
commercialization of it is not sure yet.

Geographic area

13. Which geographic area is most interesting for fixed/mobile WiMAX deployment in
Japan?

This question has not been asked, because it became in an earlier question.

Customer segment

14. Which customer segment is most interesting for fixed/mobile WiMAX deployment in
Japan?

This question has not been asked, because it became clear in an earlier question.

Market
15. In which type of market should fixed/mobile WiMAX try to get a market share?
N/A

16. What is the size of this market in Japan?

N/A

17. What expected market share can fixed/mobile WiMAX take in this previously
mentioned market?

N/A

Investment

18. How important is WiMAX for KDDI regarding the share of its total infrastructure
investment and the share in its total revenue?

It is premature to give a proper answer to this question. At the moment the technical

capabilities of mobile WiMAX are being evaluated.

19. How much does KDDI invest in its WiMAX research activities in comparison with

other technologies like CDMA2000 EV-DO?
The mobile WiMAX field trials are an important research area of KDDI, but financial
data on this is classified.

Revenue
20. What type of revenue model will KDDI use when offering WiMAX services?
N/A

21. What is the expected revenue for offering fixed/mobile WiMAX services?
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N/A

Services

22. What type of services should be offered when using mobile WiMAX?

The main goal of incorporating mobile WiMAX into the KDDI network is to be able to
offer data transmission at cheaper rates. The general trend of growing traffic demand of
users and their unwillingness to pay for the higher bills demands a cheaper bit rate price.
KDDI also wants to offer VoIP services and this should be seen in the context of KDDI’s
overall strive to do ‘everything over IP’ in the future. A good balance needs to be found
between the offering of cellular voice services and VoIP services and their respective
revenues. This is a difficult task and is yet unclear, but the big global tendency is towards
VoIP. As a general principle the wireless world follows the wired world in terms of
prices and bit rates and we can learn from this.

What will KDDI strategy with mobile WiMAX be in respect to their other service
offerings based on CDMA2000?

KDDI does not want to rely on only one technology and does not want to be dependent
on Qualcomm. Therefore, it is now evaluating the technological capabilities of other
technologies, like mobile WiMAX.

Competitive environment

23. Which companies does KDDI consider to be competitors in the WiMAX business?
There are aquite a few operators and service providers interested in mobile WiMAX, but
there will be only two or three mobile BWA licenses available. Operators and providers
who might not manage to obtain a license could function as a MVNO. This could be a
possibility for Acca networks for example.

Yozan is also involved in the WiMAX business. However I am not sure if they will push
through with their services, because the roll-out of their fixed WiMAX network is also
going very slow. Yozan uses the 4.9 GHz band for backhaul, but they are experiencing
possible technical problems with aspects like efficiency, interference and transmission
power requirements. KDDI will be watching them carefully.
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Open Questions

1. What are the most important uncertainties or insecurities concerning the deployment of
the WiMAX standard?
N/A

2. Are there any questions, which have not been mentioned in this interview, but are of
importance?
N/A
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Supporting Figure

Fixed Local area Wide area Network

Focus of this note

Figure 1: Positioning of WiMAX
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Technical regulation and license policy process for BWA systems

How can the process for technical regulation and license policy making be described,
how is it organized and what is its time schedule?

The first phase of the process is in the form of a Study Group for Wireless Broadband
Promotion and consists of members from various fields like the industry, the academia,
research centers and think tanks. The SG publicly invited any company to submit their
BWA technology recommendations and many operators and manufacturers applied for
this.

Its mission is to conduct a preparatory study on the technological aspects of BWA and to
give advice to the MIC. It does not have the right to make a decision, so its function is
merely an advisory function.

One of the requirements, which the SG strongly recommended, was to adopt a BWA
system that is standardized or on the process of standardization by a global
standardization body, so that it can be expected to become a globally penetrated system.
The study group is chaired by the Director General of the MIC. The study of the SG
started in November 2004 and ended in December 2005.

In the second phase a Ministry Council Committee is formed. This study council
committee is organized in a very different way from the SG for Wireless Broadband
Promotion. The members of this council committee consists of only public associations
and institutes like ARIB, TTC, TELEC, NICT and professors from universities. The
members should be neutral people and therefore members of private organizations are
excluded from this council committee. The Ministry Council Committee is examining the
advice given by the SG for Wireless Broadband Promotion. It is the official organization
and has the obligation to make a suggestion to the Minister of the MIC. Its advice will be
on the technical requirements of BWA. This will form the basis of the technical
regulation. This committee is effective from February 2006 until November 2006.

The final phase of the process consists of another ministerial council, the Radio
Regulatory Council. Its task is to make a final decision on the technical regulation and
based upon this decision the licensing policy will be formulated. This decision will be
made around the middle of 2007.

Is there an independent regulator for the telecom market in Japan?
Currently, there is no independent regulator in Japan and there are also no plans of
introducing one. So, the MIC is responsible for both policy making and regulation

Typical policy instruments of governments are investment incentives, regulation, price
controls, antitrust policy, taxes and subsidies, trade regulations, wage regulations and
employment incentives. Which other policy instruments than frequency regulation are
used by MIC in order to promote wireless broadband?

In this stage of development the focus is only on frequency regulation. In other more
developed fields other policy instruments are used. For example, a subsidy system for
cellular 3G offering exists in rural areas. Similar policy instruments could be used in the
future for WiIMAX offerings.
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1.

3.a.

3.b.

3.c.

Licensing process
In the presentation ‘Strategies for future spectrum management in Japan’ the plans for a
new license system are mentioned”.

1t is mentioned that no licenses are required for small power and limited bandwidth. How
is ‘small power’ and ‘limited bandwidth’ defined?
The limit is defined as 10mW per MHz for all radio systems.

Which frequencies are currently unlicensed?

I do not know all unlicensed bands by heart, but the unlicensed bands are specified in the
frequency allocation plan. For example the 2.4GHz, the 5GHz and the 1.9GHz band for
digital cordless phone services are unlicensed.

How does the licensing and selection process work?

In Japan the selection process is done by means of a beauty contest and not by means of
an auction like in most places in Europe is the case. For the last selection process of
cellular licensing a beauty contest was not necessary though, because there were three
licenses and there were also three new comer applicants.

For the BWA licensing process to be held in the future many more applications have
been filed, so in this case a beauty contest will be used. The exact process rules depend
on each communication system, but they are basically according to the same concept.
Information on the rules for the mobile licensing selection process is available, but for
BWA this information is not yet available.

Does the operator have roll-out obligations?
Yes, the operators have such roll-out obligations especially in the case of mobile
operators. But for fixed stations there are maybe no obligations.

Is the licensing system a technology neutral system?

Yes, in principle the policy is technology neutral, but there is one extra condition which
focuses on frequency efficiency. The use of the spectrum should be done in a most
efficient way, because it is scarce.

If different technologies exist in the 2.5GHz band that you need an extra guard band to
prevent interference between these technologies. This decreases the frequency efficiency
and is in the end not beneficial for customers. So it is important to study carefully how
much guard band is minimally needed so that highest efficiency is reached.

The technical parameters of different technologies are very different from each other, for
example the length of the time slots. This causes radio interference to occur. But if for
example WiMAX is used twice in the 2.5GHz band than the synchronization process is a
lot easier and only a very limited guard band is needed. So the spectrum is used in a more
efficient manner.

> Inada, S. (2005, October). Strategies for future spectrum management in Japan, MIC. Retrieved April 28,
2006, from http://www.soumu.go.jp/joho_tsusin/eng/presentation/pdf/presentation 7.pdf
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3.d.

3.b.

If the Next Generation PHS system is tuned in such a way that it can be easily
synchronized with the technical parameters of WiMAX than this increases the possibility
for two different technologies to exist in the 2.5GHz band.

Can a license be traded by an operator?

No, in this case the operator has to give back the license to the MIC. Because operators
have not paid a license fee to the MIC, they can give it back easily and a new operator
can be selected by the MIC for this license.

WiMAX

Which frequencies are suitable for fixed WiMAX/FWA applications in Japan?

This is now being studied by the same study group of the ministerial council for BWA.
But the focus of most people is on mobile systems, which are expected to be a bigger
business. Fixed BWA is expected to be deployed in rural areas. Therefore, a division in
the spectrum policy of MIC could be formulated so that there are licensing options for
rural and urban areas. If for example the rural areas are not profitable for KDDI then it
could be possible that a local government makes a decision on the BWA deployment in
that area.

Currently the 2.5GHz band can be used for fixed BWA if it uses an interference
avoidance mechanism. Furthermore, the technical regulations for fixed BWA are very
limited.

The 4.9~5.0GHz band has been reallocated to wireless LAN/NWA applications.
Currently Yozan is using this frequency to deploy its fixed pre-WiMAX network in Tokyo.
Is this 4.9GHz band an unlicensed or a licensed frequency?

The 4.9GHz band is a licensed band in the new ‘Registration System’. Recently a new
licensing system is being planned to be introduced in Japan. The former “License
System’ is based on an ex-ante checking system for high power deployments and offers
the exclusive use of the spectrum. The new “Registration System” is based on an ex-post
checking system. The use of the spectrum can be shared by other systems through
interference avoidance mechanisms.

Currently, the 4.9GHz band is the only frequency in the new “Registration System”. The
switch from the former license system to the newer has not yet occurred.

. Which frequencies can be used for mobile WiMAX applications in Japan?

MIC has assigned only the 2.5GHz band for the use of any mobile BWA system. This
includes its possible use for mobile WiMAX, but also other mobile BWA systems like
Next Generation PHS and Mobile-Fi are possibilities. There are four different
technologies who are candidates for these 2.5GHz licenses, namely mobile WiMAX,
Flash-OFDM, i-Burst system which is based on the Mobile-Fi technology and developed
by Kyocera and ArrayComm and Next Generation PHS by Willcom. Of these four
candidates WiMAX seems to be the strongest contender.

How many licenses will be available in this 2.5GHz band?

In the 2.5GHz band there will be two or possibly three licenses for mobile BWA
Currently, there is 70MHz of bandwidth available in this 2.5GHz band ranging from
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4.

2535 to 2605MHz. An additional 25MHz of bandwidth in this band ranging from 2605 to
2630MHz could be made available. This is now assigned for the use of quasi-zenith
satellite systems. This system is mainly being developed in Japan, but private companies
withdrew from these projects, because of the weak Japanese economy of last decade. So
only the Japanese government is still supporting these quasi-zenith satellite projects. But
it is expected that also the government will withdraw, making the spectrum available to
be assigned to mobile BWA applications and thus creating space for three licenses.

Who has applied for these licenses?
Many companies have shown interest in the 2.5GHz licenses, for example NTT Docomo,
KDDI, Willcom and Yozan.

Another frequency band suitable for the WiMAX standard is the 3.5GHz. What are the
licensing plans concerning this 3.5GHz band?

The 3.5GHz band is being analyzed and it is under consideration for IMT Advanced
identification.

What do you consider to be the opportunities for fixed and mobile WiMAX in Japan?

I am quite suspicious about the future development of mobile WiMAX.

KDDI is worried about the future of Qualcomm’s CDMA technology on which it is now
fully depending. KDDI does not want to rely on only one specific technology and wants
to be more technology independent, therefore it getting involved with mobile WiMAX.
KDDI is having serious plans with mobile WiMAX and eventually expects to offer
WiMAX services via handset terminals, but I am wondering about the battery support for
these handsets.

For NTT Docomo mobile WiMAX is just an option and it is currently merely examining
its capabilities. Also for DSL-operators like e-Access and Softbank WiMAX can be seen
as an option.

On the other hand the expectations of mobile WiIMAX in South Korea are high with
WiBro services being offered from the second half of 2006.
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Technology and context

The technology WiMAX

1. How do you position this WiMAX standard with respect to other technologies?

There are much different kinds of standards available, who all compete with mobile
WiMAX. But only from a technological point of view it is difficult to correctly evaluate
this question. Also the business aspects have to be taken into consideration. When
services based on mobile WiMAX are available for end users than a better evaluation can
be made. Therefore, currently I cannot properly compare mobile WiMAX with other
standards.

2. What are the strengths of this WiMAX standard with respect to these other
technologies?

The strengths of fixed WiMAX cannot be seen individually. The combination of the

aspects cost, speed and ease of deployment together form the true strength of fixed

WiMAX.

For the mobile WiMAX standard also this combination of these aspects is its strength.
But also another aspect is important considering mobile WiMAX. The cellular phone
operators are investigating the possibilities of mobile WiMAX in order to fulfill the
increasing demand for broadband and to raise their ARPU. Since data communication
will be become an important issue for them, they need other mobile connections to satisfy
the need and demand for broadband. The HSDPA technology could be a very serious
competitor of mobile WiMAX in this and also has the interest of these operators.

3. What are the weaknesses of this WiMAX standard with respect to these other
technologies?

The weakness of fixed WIMAX is that fact that it is only fixed and does not have mobile

capabilities. Besides that, interoperability is also an important problematical issue.

If mobile WiIMAX is to be used in combination with other technologies in the 3G
network in order to achieve an overall fixed/mobile converged network than handovers
between the different networks will be problematic.

A second weakness of mobile WiMAX is the fact that deploying a nation wide mobile
WiMAX network is not cheap at all. In opposition to the much cheaper deployment of a
nation wide HSDPA network by competing 3G operators, because those base stations are
already placed.

4. What do you consider to be the most important opportunities for this WiMAX
standard in Japan?

The fixed WiMAX standard does not attract the attention of many carriers in Japan. The

focus is strongly on the mobile WiMAX standard. Many carriers, including the big ones

like NTT Docomo and KDDI, are interested in mobile WiMAX.
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The development around WiMAX is a delicate issue in Japan. For example, NEC
Corporation was developing a wireless terminal, but apparently their efforts were blocked
by NTT Docomo. This is a typical example of the developments around WiMAX. Also
new entrant carriers have tried to begin new services with mobile WiMAX, but NTT
Docomo is trying to influence these efforts.

The fixed WiMAX standard can be used in the way Yozan is doing it now, as backhaul
application.

For the use of fixed WiMAX in the WLL there are several complications. First of all,
Japan has a very high DSL penetration rate and the speed and the price of these DSL
services are extremely competitive. The prices for DSL-services are very low and the
speed is high. Secondly, the existence of high-speed fiber networks and their rapid
growth are another complication for the success of fixed WiMAX. These Hikari fiber
networks have a large coverage and most of its enormous capacity is currently not used.
Since there are no good applications, which demand such high bandwidth, developed yet.
Therefore, the business potential of fixed WiMAX in the WLL in an urban area is
limited.

On the other hand the rural areas in Japan do have a business potential for fixed WiMAX.
Japan is a very mountainous area and therefore it is difficult to reach all areas of Japan
with fixed lines. In these ‘unreachable’ areas fixed WiMAX in combination with fiber
lines could be feasible.

Overall, I am quite pessimistic about the business opportunities of fixed WiMAX.

5. What do you consider to be the most important threats for this WiMAX standard in
Japan?
For the fixed WiMAX standard this is mainly the high penetration rate of DSL-lines.

Aspects concerning economy of scale are not necessarily crucial issues. Since Japanese
chip makers not only produce for the local Japanese market, but also for the global
market, they can obtain economy of scale advantages by exporting. Kyocera is for
example exporting its iBurst-system to countries like Australia and South Africa and can
thus gain economy of scale advantages.

As for mobile WiMAX it should be understood that it is not a whole solution, but mobile
WiMAX will be used in combination with other technologies. HSDPA is a tough
competitor for mobile WiMAX in this and by the end of this year some carriers will
already offer HSDPA services.
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6. In the past, there have already been two other generations of fixed wireless
technologies, namely LMDS and MMDS. Both have had limited success. Can a
different development with the fixed WiMAX standard be expected?

The only company in Japan, which has deployed a network based on the fixed WiMAX

standard, is Yozan. But Yozan is a new and relatively small company and not many

people are familiar with it. Additionally the strong DSL and optical fiber market in Japan
and the fact that most customers already have WLAN in their houses make it difficult for

Yozan to have success with fixed WiMAX. What is the point of fixed WiMAX in Japan?

The support of the WIMAX Forum in promoting the WiMAX standard does not
guarantee that WiMAX will be a success in Japan. Even an international giant company
like Vodafone, being one of the largest telecom operators in the world, did not manage to
be very successful in Japan.

The Japanese context

7. Which regulatory factors do you consider to be of critical importance for the success
or failure of this WiMAX standard in Japan?

For fixed applications there are no regulatory complications in Japan.

Currently, the MIC is examining the possibilities for the use of the 2.5Ghz spectrum
band. Mobile WiMAX appears to be a strong contender to be assigned to this 2.5Ghz
band. If this 2.5Ghz band will not be available for mobile WiMAX than there will be no
future of WiMAX in Japan.

8. Which technological factors do you consider to be of critical importance for the
success or failure of this WiMAX standard in Japan?

Since mobile WiMAX will not provide the whole solution and will exist next to other

networks, interoperability will be of critical importance. The matter of how to combine

these different networks is an extremely complicated one.

9. Which economical or marketing factors do you consider to be of critical importance
for the success or failure of this WiMAX standard in Japan?

Fixed WiMAX may already have failed and mobile WiMAX will only be feasible when

it is used in combination with other networks.

The question concerning the critical importance of the availability of WiMAX chips and
devices can only be viewed in combination with services. The product and the service
cannot be seen separately. If the need for these WiMAX product arises than chip makers
will make the WiMAX chips. Actually this is a cyclic process of question and demand
and the price point is of critical importance in this.

10. Which social factors do you consider to be of critical importance for the success or
failure of this WiMAX standard in Japan?

There do not appear to be any social factors of critical importance for the success of

WiMAX. Health issues concerning the radiation of the WiMAX signals are not

problematic. The radiation level for mobile WiMAX is not higher than for other
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competing technologies. Therefore, health reasons will not be an issue in Japan in
determining the success or failure of WiMAX.

The willingness of property owners to approved of the placement of new base stations is
for any mobile or wireless technology critical, but the large carriers like NTT Docomo
and KDDI already have enough sites for this. So it is only a matter of costs and this is
major problem for new entrant operators like I[P Mobile and Softbank.
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Deployment strategy

WIMAX players
11. Which operators in Japan are focusing on the fixed WiMAX standard?
In Japan only Yozan is focusing on the fixed WiMAX standard.

12. Which operators in Japan are focusing on the mobile WiMAX standard?

This mobile WiMAX standard has attracted the attention of the following four carriers;
NTT Docomo, KDDI, eAccess and Acca networks. Although NTT Docomo has only
expressed its interest in the standard and until now does not have concrete plans with
mobile WiIMAX.

Yozan has explicitly mentioned that it does not have the ambition to go into the mobile
market with mobile WIMAX and compete with the big mobile giants. It will focus on a
niche market with fixed WiMAX.

Willcom is developing an own next generation PHS-system and is therefore also not
interested in the WiMAX standard. This next generation PHS-system is based on the
technologies OFDMA together with TDMA/TDD and will deliver of speed of 20Mbps.

13. Which type of WiMAX deployments do you consider to have a good business potential
in Japan?

The use of the fixed WiMAX standard as a wireless access technology does not have a

large business potential in Japan considering the high availability of alternative high

speed fixed line networks.

But the use of the fixed WiMAX standard as a backhaul technology, in a similar way
Yozan has deployed its fixed pre-WiMAX network, offers more potential.

Spectrum
14. Which frequency band is most interesting for fixed WiMAX deployment in Japan?
Yozan uses the 4.95Ghz band for its deployment, which is unlicensed.

15. Which frequency band is most interesting for mobile WiMAX deployment in Japan?
The possibilities for the use of the 2.5Ghz band are currently under examination by the
MIC. Mobile WiMAX is a strong contender for this 2.5Ghz band.

It is also not clear how many licenses in the 2.5Ghz band will become available. This is
an important issue since there are possibly more contenders than licenses.

The possibilities for the use of the 3.5Ghz band are at the moment insecure. Currently,
operators focus on the 2.5Ghz band to use for mobile WiMAX. When the MIC’s decision
on this is clear then the possibilities for the 3.5Ghz band will be examined by the
operators.
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Geographic area
16. Which geographic area is most interesting for fixed WiMAX deployment in Japan?

The possibilities for a nation-wide fixed WiMAX network are very little. Fixed WIMAX
networks will be regionally deployed like for example Yozan’s Tokyo-wide fixed
WiMAX network. Also the rural area could be an interesting are for fixed WiMAX
deployment in Japan.

17. Which geographic area is most interesting for mobile WiMAX deployment in Japan?
In theory a nation-wide mobile WiMAX network is possible. It is a matter of how much
money the operator can and is willing to invest and how many consumers can be
attracted.

Customer segment

18. Which customer segment is most interesting for fixed WiMAX deployment in Japan?
Business uses for fixed WiMAX are most likely. Fixed WiMAX could for example be
used for business parks or surveillance purposes or other niche market applications.

Fixed WiMAX for end-user is not likely, because off the high availability of cheap and
high speed fixed broadband lines.

19. Which customer segment is most interesting for mobile WiMAX deployment in Japan?
When mobile WiMAX networks will be combined with 3G networks than end-users
could be targeted by operators in offering combined mobile WiMAX and cellular
services.

Market
20. In which type of market should fixed WiMAX try to get a market share?
Fixed WiMAX will compete in the fixed broadband market

21. In which type of market should mobile WiMAX try to get a market share?
Mobile WiIMAX will compete in the cellular market against technologies such as HSDPA
and CDMA2000.

22. What is the size of this market in Japan?

According to a market research of the NRI, the whole WiMAX market, which includes
fixed and mobile WiMAX, is estimated at 21.5 million users by 2007. Of these 21.5
million users fixed WiMAX will take a share of about 7 million users. Another 7.7
million users are estimated to use WiMAX for mobile data services and 6.8 million users
will use it for applications such as digital cameras and audio-visio services.

Services

23. What type of services should be offered when using fixed WiMAX?
The service to be offered by using fixed WiMAX is broadband data.
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24. What type of services should be offered when using mobile WiMAX?

The services to be offered by using mobile WiMAX are firstly data and later when a
nation-wide network is deployed VolIP services can be offered. Offering IPTV by using
WIMAX is quite complicated in Japan. The broadcasting industry is a matter of
regulation in Japan and it is difficult for operators or service providers to get involved in
this industry. From the first of April NHK will start offering mobile TV in Japan. The
price point in offering mobile TV is critical. Unlike in the United States where mobile TV
services are very cheap and widely used, in Japan mobile TV is currently not cheap and
not widely used.

Revenue
25. What is the expected revenue for offering fixed or mobile WiMAX services?
There are no such estimated figures available at this time.

Competitive environment

26. Against which technologies will fixed WiMAX compete?

In Japan fixed WiMAX will have to compete with fixed line technologies like DSL and
fiber optics. This will be an extremely difficult task for fixed WiMAX because of the
high availability of DSL-services, its low cost and high-speed.

27. Against which technologies will mobile WiMAX compete?
The mobile WiIMAX standard will be facing a fierce competition against the soon
available HSDPA networks.

28. Which operators in Japan are competitors of operators offering mobile WiMAX
services?

Although NTT Docomo is interested in mobile WiMAX and have done tests with mobile
WiMAX, they have not stated any concrete plans with mobile WiMAX. For now NTT
Docomo is just analyzing the mobile WiMAX standard in order to create an
understanding of what the capabilities of the technology are.

On the other hand NTT Docomo has concrete plans with HSDPA and will start offering
services based on HSDPA at the end of this year 2006.

KDDI has more actively done elaborate successful tests with mobile WIMAX in Osaka.
KDDI has not expressed any concrete plans for the deployment of a HSDPA network or
offering services based on HSDPA.

eAccess is promoting the mobile WiMAX standard in Japan and has plans to develop a
FMC business model to combine ADSL and mobile communication. However, it will not
offer voice services until at least 2008. Therefore, they will not be competing with giant
operators, who are offering nation-wide voice services.

Recently also Acca Networks have shown there interest in mobile WIMAX and intends
to participate in mobile WiMAX tests together with NICT.
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Open Questions

29. Are there any questions, which have not been mentioned in this interview, but are of

importance?
The interview has covered most relevant topics concerning the WiMAX standard.

As an advice it would be valuable to incorporate some research on WiBro into your
research project. WiBro services will start in June in Korea and will be offered by two
operators KT and SK Telecom. But there is no official word yet on what type of handsets
will be offered and what kind of services they will exactly offer.

A serious complication for WiBro in Korea is the threat of the upcoming HSDPA
technology.
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1.

Technology and Context

WiMAX technology

How do you position the fixed and the mobile WiMAX standard with respect to other
technologies? (Fig 1.)

The positioning should be seen against the backgrounds of the communication world and
the computer world.

The cellular technologies like 2G, 3G and 3.5G are based on the FDD duplex system and
are used for mostly circuit switched networks. Newer technologies like UMTS and
HSDPA are also packet switched networks. One of the most important issues of these
communication technologies is the guaranteed connection offering. Network
deployments of these communication technologies are very expensive and these costs are
being transferred to the users. Fixed communication networks are being replaced by IP
based networked, mainly due to cost effective reasons.

From the computer world, based on TCP/IP, IEEE standards like WLAN and WiMAX
are originating. The duplex system being used here is TDD and the network is packet
switched. The advantages of these networks are the inexpensiveness and the high
efficiency, but it has only limited quality of service. In the following table some crucial
differences between these worlds are shown.

3GPP IEEE802.16

Protocol ISDN/ATM TCP/IP

| Signaling SS#7 SIP
Costs High Low
QoS Guaranteed Best effort
Duplex method FDD TDD
Access method | TDMA, CDMA, OFDM OFDM, OFDMA
Vendor industry | Communications Semi-conductors
System Mobile FWA, Mobile

Table 1: Comparison 3GPP vs. IEEE standards

The FDD duplexing method, which is used for cellular technologies, is suitable for macro
cell networks. The TDD method on the other hand, which mobile WiMAX uses, is more
suitable for micro cell networks. Because when the cell size increases using the TDD
duplexing method than also the interference level increases. In this aspect lies an
important problem, because for mobile use a macro cell type network is most suitable. So
a crucial question for the application of mobile WiMAX is how to overcome these
interference issues. Maybe this could be solved through strict synchronization.

The multiple access method is also very different between cellular technologies and
WiIMAX. Where cellular uses TDMA and CDMA as access methods, WiMAX makes
use of OFDM or OFDMA. OFDM is as an access method very suitable for the downlink,
but not so much for the uplink. OFDMA on the other hand is very suitable for the uplink.
Important aspects to keep in mind here are the frequency and time synchronization. The
discussion for mobile WiMAX focuses now on which uplink technology should be
deployed and the standardization process of mobile WiMAX is in high-speed now.
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2.

4.b.

What are the technological strengths of this WiMAX standard with respect to these other
technologies?

The strengths of mobile WiMAX are the ultra-high speed ability and its low cost
deployment, but a clear weakness is the best effort approach. In opposition to mobile
WiMAX the strength of cellular technologies is the high quality service level and they
can offer quite high speeds. The major drawback is the high costs for deployment of
cellular networks.

Cellular WIMAX

High quality | Best effort

High cost Low cost

High speed | Ultra-high speed

Table 2: Advantages Cellular vs. WIMAX

What are the technological weaknesses of this WiMAX standard with respect to these
other technologies?

There exists a big gap between FWA and mobile WiMAX. The process of network
acceptance for FWA technologies and mobile WiMAX is very different. Aspects of
mobile communications systems like location registration and tracking exchange are not
sufficiently possible within TCP/IP, because this is based on fixed addressing.

Referring to the OSI-model, the main problems do not lie in the physical or data layer,
but the main problem lies in the network layer.

The authentication process is very complicated and achieving seamless handovers will be
difficult. In order to make this possible a very large network investment is required,
which directly conflicts with the initial cost benefit of WiMAX. So possibly only the
ultra-high speed is a real strength of mobile WiMAX.

However, this technological discussion is not the only important discussion. Also the
strategy of semi-conductor companies, like Intel, and its terminal market are of great
importance.

. I have identified three basic deployment options for WiMAX, namely for WLL access,

backhaul (Wifi/WiMAX or cellular/WiMAX) or mobile. Do you agree with this division?
I think this are maybe enough options.

What do you consider to be the most important opportunities for this WiMAX standard in
Japan?

A feasible opportunity for mobile WiMAX is a dual mode terminal application, since
mobility with seamless handovers will be very problematic for mobile WiMAX.
Therefore, a static use of WiMAX has the best change.

What do you consider to be the most important threats for this WiMAX standard in
Japan?

Mobile WiMAX will most probably not appear in handsets, because of among others
restrictions on battery capacity. It will possibly appear in PDA’s and laptops. This
making the market for WiMAX smaller, since the customer handset market is big and the
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business market is small. This could result in difficulties in achieving economy of scale
benefits and getting large revenues.

Additionally, WiMAX will not function independently, but will rather serve as an overlay
network option.

The Japanese context

. Which regulatory factors do you consider to be of critical importance for the success or
failure of this WiMAX standard in Japan?

Most probably the 2.5GHz band will be assigned to mobile WiMAX, so regulatory

factors will not be much of an issue.

Which technological factors do you consider to be of critical importance for the success
or failure of this WiMAX standard in Japan?

Maybe it is too early to introduce mobile WIMAX in Japan, because there are still many
technological questions unsolved on issues like authentication and coverage area of
WiMAX.

Which economical or marketing factors do you consider to be of critical importance for
the success or failure of this WiMAX standard in Japan?

First of all, a critical aspect is that there are no good equipment vendors for mobile
WIiMAX terminals in Japan, who are able to invest greatly in producing WiMAX
terminals. The companies NEC, Fujitsu, Matsushita and Hitachi are focusing on 3G/3.5G
terminals like HSDPA and 1XEVDO and are only limited interested in fixed WiMAX.
Because of the strong cellular competition between these vendors and the necessary
investment herein, there is no room for producing mobile WiMAX terminals.
Additionally only the production of handset chips is not enough in order to achieve
economy of scale benefits, also BS equipment, etc. should be produced.

Secondly, the international equipment vendor market is very competitive with players
like Samsung and Chinese vendors.

Thirdly, the Japanese market for mobile communication is almost saturated with nearly
90 million mobile users on a population of around 120 million.

On the other hand the Intel strategy is strong in the world and apart from the
technological aspects it is important to also focus on the semi-conductor industry
discussion. Intel’s strategy can cause political and trade frictions.

The Korean WiBro technology has been incorporated in the WiMAX standard and it is
now in the standardization process under the IEEE organization.

Furthermore, Japan is a large market and there could be room for an extra technology. Its
application should be in the form of a dual mode option and not as a stand alone device
with seamless handover abilities.

WiMAX could be used as a converging technology linking different networks together.
KDDI for example is researching the possibilities of converging cellular, WLAN and
WiMAX networks.
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4. Which social factors do you consider to be of critical importance for the success or
failure of this WiMAX standard in Japan?
I don’t think there are serious issues on this matter.
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1.a.

1.b.

2.b.

3.b.

Deployment strategy

WIMAX players

Which companies in Japan are focusing their business on the fixed WiMAX standard?
The market for fixed WiMAX is not very large in the total broadband market in Japan.
This is because a strong position is held in this market by ADSL and fiber. Actually only
Yozan is interested in fixed WiMAX and is in a difficult situation.

Which companies in Japan are interested in the mobile WiMAX standard?

In Japan there is a strong interest in mobile WiMAX by the cellular players. Since
spectrum is scarce, they are looking for extra spectrum. They are researching the
possibilities for WiMAX to complement or extend their cellular network. KDDI, NTT
Docomo, Softbank and e-Access are all interested. e-Access now offers only ADSL, but
their future plans are to offer cellular HSDPA in metropolitan areas in the 1.7Ghz band.
Besides that e-Access is working with a small project team on WiMAX as a future option
for their customers.

Spectrum

. Which frequency band is most interesting for fixed WiMAX deployment in Japan?

There are not many providers interested in fixed WiMAX, only Yozan is actively
involved in fixed WiMAX and they are using the 4.9GHz band.

Which frequency band is most interesting for mobile WiMAX deployment in Japan?

The Study Group for Wireless Broadband Promotion has advised to use the 2.5GHz band
for mobile BWA. The priority for this band seems to be on WiMAX. Another contender
for this 2.5GHz band is Next Generation PHS of Willcom, but PHS already has 25Mhz of
spectrum available.

Geographic area

. Which geographic area is most interesting for fixed WiMAX deployment in Japan?

Although there is little interest in fixed WiMAX, in the rural areas it has a change,
because a fiber deployment is extremely expensive there. On the other hand there are few
potential customers in those areas, so a balance needs to be found.

The geography of Japan consists of extremely dense populated areas, mainly along the
coastline, and very low dense rural areas. Therefore, there maybe little chance for fixed
WiMAX in these rural areas. Maybe NTT could offer fixed WiMAX in these rural areas
as a last part extension of their ADLS network, but the customer base seems troublesome.

In other countries like China and the US the geography is very different. Apart from very
highly dense urban areas, also regional high dense areas exist. In those regional areas a
fixed WiIMAX deployment could be very well possible.

Which geographic area is most interesting for mobile WiMAX deployment in Japan?
Mobile WiMAX should be deployed in the area where the largest customer’s base is,
being the metropolitan area. A nation-wide mobile WiMAX network does not seem
feasible, but metropolitan Wifi/WiMAX combined networks are. The deployment will go
step by step and should be linked with cellular networks, since the initial user size will be
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small for only WiMAX. But the advantage of mobile WiMAX is that OFDMA must be
introduced to obtain speeds above SMbps.

Customer segment

4. Which customer segment is most interesting for WiMAX deployment in Japan?
In order for WIMAX to get some volume it should focus on both the business users and
the end-users.

Market

S.a. In which type of market should fixed WiMAX try to get a market share?
The broadband market is in Japan is occupied by ADSL and fiber and fixed WiMAX
could only get a very limited share in this via some regional rural deployment. Moreover
mobile WiMAX could also be used as a fixed or static deployment.

5.b. In which type of market should mobile WiMAX try to get a market share?
In the cellular market mobile WiMAX could create a position as complementary
technology in the form of an overlay network, but will not be directly competing in the
cellular market.

Services

6. What type of services should be offered when using WiMAX?
The VoIP technology is now an immature technology. If you want to use WiMAX for
voice then good QoS is required and in order to make this possible, large investments in
the WiMAX network need to be done, making it very expensive to deploy.

WiMAX should aim at offering high speed data and the advantage of WiMAX is that it
uses OFDMA, which must be introduced if you want to speeds higher than 5SMbps.

Feasible applications of mobile WiMAX are for example along railway lines, video
streaming or broadcasting. Although video streaming could be an issue, because
intellectual property rights are a big problem in Japan.

Revenue

7. What type of revenue model should be using when offering WiMAX services?
An important question is how to get revenue of WiMAX services in the first place.
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Figure 1: Positioning of WiMAX
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2.a.

Next Generation PHS and Japan

Next Generation PHS

How do you position Next Generation PHS with respect to other technologies? (Fig.1)
Next Generation PHS and mobile WiMAX are based on very similar technologies. They
both incorporate the OFDMA + TDD/TDMA access method. So in theory they look very
alike. In designing the Next Generation PHS system a certain synergy between the two
systems is desired. Both systems can also make use of MIMO and smart antenna
technologies. The PHS industry has a long history with these two technologies. PHS and
Next Generation PHS are and will compete with the cellular technologies.

What are the technological strengths of this Next Generation PHS with respect to these
other technologies?

One of the major strengths of both PHS systems is the huge capacity it has, because the
PHS systems are based on a micro-cell topology.

The micro-cell network is a network which exists of cells with a radius of about 2
kilometers in the urban or residential areas. But in very high dense urban areas, like down
town Tokyo, the size of the cell reduces to 500 meters. For only outside coverage not that
many base stations are needed, but for inside coverage many base stations are needed to
be able to offer quality services.

Only in Tokyo Willcom has deployed a total of about 40000 base stations in the past 10
years. Compared with a cellular operator like NTT Docomo, which generally deploys a
few 100 base stations in the Tokyo area, the number of base stations Willcom deploys is
about a factor 100 more than the number of base stations a cellular operator deploys. This
results in a much larger capacity for Willcom.

The major weakness of 2G and 3G systems is that they have strong physical limitations
and currently these systems are close to reach the capacity limits. Although the
customer’s demand for broadband grows, these 2G and 3G systems can not expand that
much because of the physical limitations. Technological upgrades and improvements just
can not solve this physical limitation of capacity, although the wired communications
area is an exception.

Another benefit off this micro-cell structure is in less congestion in the cell. Willcom has
done simulation studies comparing W-CDMA, EVDO and PHS. These studies show that
the transmission speed using the W-CDMA or EVDO technology decreases more
dramatically when the number of users increase in a cell than the transmission speed
using PHS technology does. So if true wireless broadband is wanted than the network
needs to be based on a micro-cell structure.

The deployment costs of a micro-cell system are not more expensive that the deployment
costs of a macro-cell system.

In conclusion, in can be said that the capacity is the most important competition benefit
of Willcom’s PHS systems.
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2.b. What are the results of the Demonstration Experiment with Next Generation PHS?
Now the specifications are carefully designed in order to be able to get cheaper handsets.
In January 2006 most of the study has been finished, but after the summer the
specifications of Next Generation PHS will be completely clear. The commercial trial
will hopefully start next year if the government agrees.

3. What are the technological weaknesses of this Next Generation PHS with respect to these
other technologies?
The difficulty of deploying a micro-cell network is the installation of all the base stations
of the PHS network. Many base station sites are needed and also placement agreements
with for example building owner. These are complicated and time consuming tasks. So
the complete roll-out of a micro-cell network needs a long deployment time.
Also the deployment of Willcom’s PHS network took a long time and started in 1995
until now.

4. What do you consider to be the most important opportunities for Next Generation PHS in
Japan?
It is important not to only focus on Japan. It is necessary to reach a global PHS market.
The PHS system could be the first globally exported wireless communication system of
Japan.
If the customer demands true wireless broadband than a micro-cell system is essential
and the PHS system is the only micro-cell system globally. So the limitation of capacity
as a physical principle and Willcom’s competition benefit in this offers the greatest
opportunities for Next Generation PHS.

5. What do you consider to be the most important threats for Next Generation PHS in
Japan? Do you consider it to be possible for two mobile BWA systems to exist next to
each other in the 2.5 GHz frequency band?

Yes, I am confident that interference issues between different technologies can be solved
with a minimal need for guard band width. Mobile WiMAX and Next Generation PHS
are technically very similar, but the deployment is very different.

Additionally, it should not be forgotten that a guard band is also needed when two mobile
WiMAX networks are deployed.

The Japanese context

1. Which regulatory factors do you consider to be of critical importance for the success or
failure of this Next Generation PHS in Japan?
MIC has assigned the 2.5GHz band for the application of mobile BWA systems. In this
band two or maybe three licenses will be available and many operators have applied for
these licenses for different mobile BWA systems, including mobile WiMAX and systems
based on Mobile-Fi. In other words the spectrum is scarce. The finally decision on this
will be in about a year.
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2. Which technological factors do you consider to be of critical importance for the success
or failure of this Next Generation PHS in Japan?
The battery issue for the handsets is less of a problem for Next Generation PHS, because
of the micro-cell structure of the network. Since the cell sizes are smaller also the power
of the signals can be weaker.
The power per bit ratio is an important technical limitation. This ratio is about the same
for PHS and WiMAX.

3. Which economical or marketing factors do you consider to be of critical importance for
the success or failure of this Next Generation PHS in Japan?
For the success of PHS and Next Generation PHS it is necessary to address a more global
market. The Chinese PHS market plays an important role herein. In order to for the prices
of the PHS base station to decrease a certain economy of scale is necessary.
The costs of a base station are now around 7000 euro. The cost design mode of a base
station for the Next Generation PHS system should be of the same order as a base station
for the old PHS system.
It is also important to develop dual-mode base stations.

4. Which social factors do you consider to be of critical importance for the success or
failure of this Next Generation PHS in Japan?
Recently the public has skeptical and sometimes afraid for possible radiation damage
because of all the radio emissions. A consequence of this is that negotiations with
building owners for the placement of radio transmitters get increasingly difficult. It can
now take as much as six months to put up a base station.
The advantage of Willcom is that it already has a huge amount of base stations placed
and an upgrade to the Next Generation PHS network can be done be merely replacing the
old transmitters with the new ones.

External relations

24. What was the role of Willcom in the Study Group for Wireless Broadband
Promotion?

Willcom was one of the members and has to prove that Next Generation PHS is a feasible

system.

25. In what way is Willcom involved in the Council Committee for BWA of MIC?

The government committee, which is excluded from private parties, is now examining the
proposals for the different communication systems and it could be possible that two
different systems will exist in the 2.5GHz band.

26. With which equipment manufacturers is Willcom planning to cooperate for its Next
Generation PHS system?

There are many equipment manufacturing companies involved in PHS, for example

chipmaker Toshiba Semi-conductors and base station and handsets manufacturers

Kyocera, Sanyo and JTE from China. So the PHS industry is not an exclusive Japanese

industry. More than a million base stations have been deployed worldwide of which

about 90% in China.

60





27. Are there other companies developing Next Generation PHS systems?

An industry group for PHS exists and is called PHS MoU Group. The PHS MoU Group
is an international open association consisted of telecommunication carries, service
providers, equipment manufacturers, technology providers, telecom authorities, public
organizations and so on involved in or interested in the PHS business.

28. What is the relation and influence of KDDI as a shareholder, who is developing a
mobile WiMAX system, on the business practise of Willcom?

Based upon the contract between Willcom and KDDI it has been agreed that KDDI will

not interfere with the daily business practice of Willcom. The remaining 10% share

which KDDI possesses will most probably be sold in the future.

29. Is Next Generation PHS being standardized by a global standardization body? Or
how is the standardization process developing?

The PHS system has been standardized by ARIB (Association of Radio Industries and

Businesses). Next Generation PHS has already been proposed to the ITU as a Japanese

government proposal. So Willcom hopes that within this year the proposal will be

accepted.
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1.

2.b.

5.a.

5.b.

Deployment strategy

In which period of time is Willcom planning to deploy its Next Generation PHS system?
Technically speaking the Next Generation PHS system could be deployed in about three
or four years. But the actual deployment largely depends on the future spectrum policy
and license distribution decisions of the MIC.

. On which geographic area will Willcom focus with Next Generation PHS?

Although PHS is a micro-cell system it has a nation wide deployment. The deployment
started in 1995 and in 2005 according to its strategy plan Willcom has reached a nation
wide coverage area of 99% with the current PHS system. So it covers both the urban
areas as well as the rural areas. Willcom is not striving for a 100% coverage area, because
they want to serve areas where there are also people using their services. So Willcom will
cover a ski resort area, but will not cover a rice field.

Is Willcom planning to expand internationally?

Globally the deployment of PHS systems has about 100 million customers. China is by
far the biggest market and China Telecom and China Netcom have around 90 million
customers. In China PHS is even bigger than CDMAone, which has about 50 million
subscribers. Other countries where PHS systems have been deployed are Taiwan and
Thailand. These markets are also good growth markets for the Next Generation PHS
system.

Which customer segment is most interesting for Next Generation PHS deployment in
Japan?
Willcom serves both business users as end-users with voice and data services.

What type of services will Willcom offer with Next Generation PHS?
Currently, Willcom is offering both voice and data services for handhelds, laptops and
PC’s. With the Next Generation PHS Willcom will offer higher speeds for these services.
It is still being analyzed what level of QoS will be supported. This largely depends on the
costs. The offering of VoIP services is under consideration, but VoIP conflicts with
capacity issues since the IP headers require a large capacity demand.

What type of revenue model will Willcom use when offering?

In 2001 Willcom started offering nation wide fixed price plans of flat-rate voice and data
services. For example the Air-Edge data communication card, which is a great success
and was one of the reasons why the Carlyle Group invested in Willcom.

What is the expected revenue for offering Next Generation PHS services?

The past few years have been very though for Willcom and large investments in the
current PHS network have been done to reach the current large coverage area which is
backed up by an IP backbone. Now it is time to revenge the cellular operators.
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6. Which companies does Willcom consider to be competitors?
The major competitors are NTT Docomo and KDDI. The revenue of NTT Docomo in
2005 was about 50 billion US$. KDDI had revenue of about half this size and Willcom’s
revenue is was about 15 times smaller. Looking at these numbers Willcom has to
uniquely distinguish itself and the key factor in this is the capacity.
Apart from size, there is a second competition hurdle. The vertical integrated business
model which is common in Japan makes it difficult for smaller operators to compete.
This business model integrates all aspects of the value chain; the network, content,
service and handsets are all ruled by the operator. In Japan there are no ‘free’ content
providers.
But in the global IP world there is no vertical business model and if a global all IP
converged network is promoted than the NTT model would be troublesome. An alliance
type of model would be more suitable in this case.
In order to promote fair competition this vertical integrate business model should be
abolished, especially since the operators do not own the frequency licenses but are merely
renting them from the government, who is in this sense directly involved. This creates
unfair competition conditions.
In Europe there is no vertical integrated model and thus the operators do not have that
much power as they have in Japan. In Europe the vendors like Nokia have much more
power.
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Table: Next generation PHS system

type

Mext Gen PHS

Current PHS

Frequency Band

1G-3GHz

1.9GHz

Data Trans. Speed
[max.)

20Mbps or more (Up/
Down)

IMbps or more (Up/
Down)

Access Method OFDMA+TDMATDD 4 TDMASTDD
Carrier Freq. Width 5M-20MHz 300kHz
Frame Length 5ms Gms

MModulation

BPSK - 256Q0AM

BPSK - 256QAM

Voice Codec

SIP compliant

G.726 ADPCM

Cell Structure

micro-cell

micro-cell

Technology

Adaptive array, SDMA,

NIMO

Adaptive array,
SOMA

Figure 2: Next generation PHS system
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Technology and context

The technology WiMAX
1. How do you position the fixed and the mobile WiMAX standard with respect to other

technologies?
N/A

2. What are the strengths of this WiMAX standard with respect to these other
technologies?

An important advantage of WiMAX is the fact that it is an international standard and not
some sort of proprietary technology. Another important aspect is the support of this
standard by Intel. Intel is together with the WiMAX Forum the main driver behind the
promotion of the WiMAX standard. Intel can market WIMAX with a unique WiMAX
campaign in a similar way it has done with the Centrino marketing initiative.

Yozan is in cooperation with Intel marketing such WiMAX initiative in Japan.

An important economic advantage of fixed WiMAX is that it strongly reduces the
CAPEX by reducing for example the lease and property fees. One fiber optic line can
support many customers.

3. What are the technological weaknesses of this WiMAX standard with respect to these

other technologies?
N/A

4. I have identified three basic deployment options for WiMAX, namely for WLL access,
backhaul (Wifi/WiMAX or cellular/WiMAX) or mobile.Do you agree with this
division? If not, what are other deployment options?

N/A

5. What do you consider to be the most important opportunities for this WiMAX
standard in Japan?
N/A

6. What do you consider to be the most important threats for this WiMAX standard in
Japan?
N/A

The Japanese context

7. Which regulatory factors does Yozan consider to be of critical importance for the
success or failure of this WiMAX standard in Japan?

N/A

8. Which technological factors does Yozan consider to be of critical importance for the
success or failure of this WiMAX standard in Japan?
N/A
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9. Which economical or marketing factors does Yozan consider to be of critical
importance for the success or failure of this WiMAX standard in Japan?
N/A

10. Which social factors does Yozan consider to be of critical importance for the success
or failure of this WiMAX standard in Japan?
N/A
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Deployment strategy

WiIMAX players

11. Which companies in Japan, besides Yozan, are focusing their business on the fixed
WiMAX standard?

Currently, there are no other carriers focusing their business on the fixed WiMAX

standard besides Yozan.

12. Which companies in Japan are interested in the mobile WiMAX standard?

There are many operators which have expressed their interest in the mobile WiMAX
standard in Japan. These include Yozan, NTT Docomo, KDDI, e-Access and Acca
networks.

Spectrum
13. Currently, Yozan has deployed its pre-WiMAX network using the unlicensed 4.9Ghz
spectrum band. What were the most important strategic reasons for this choice?

There are several reasons why Yozan was the first to deploy a pre-WiMAX network
using the 4.9Ghz band. First of all the 4.9Ghz is an unlicensed band and it cost free.
Another reason is the large spectrum availability of 100Mhz in this 4.9Ghz band. An
important aspect herein is the carrier sensing rule. This rule is based on the first come
first serve concept. So if a second carrier wants to use the same 4.9Ghz spectrum than it
has to give way to the first carrier. By being the first Yozan now has the first right of
way.

Besides these spectral aspects, Yozan already owned base station sites of the PHS
network and is therefore in the position to facilitate a fast roll-out of the fixed WiMAX
network.

14. Are there other frequencies in which Yozan is interested for offering WiMAX
services? If so, in which frequency is Yozan interested?

This coming month or next month the 2.5 GHz spectrum band will be allocated by the

Ministry of Internal Affairs and Communication. In this 2.5 GHz band there is 70Mhz of

spectrum available for two or three licenses. At this moment it is not sure yet whether

two or three carriers will be able to obtain a license.

Yozan is much interested to obtain such license, but it is not absolutely necessary. If only

two licenses will be allocated to for example NTT Docomo and KDDI and if Yozan is

not able to get a license then there are several alternative ways for Yozan to operate.

Yozan could operate as a MVNO in offering their wireless services by using the network

of another carrier.

Secondly, Yozan could also develop its network based on the 4.9 GHz band to be suitable

for nomadic use.

Currently, Yozan is also experimenting with Japanese broadcasting corporation NHK to

offer live broadcasting services by using the WiMAX standard.
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Geographic area

15. Currently, Yozan is offering its WiMAX services in the urban area of Tokyo. What
were the most important strategic reasons for this geographic choice?

N/A

16. Is Yozan planning to expand to other geographic areas in the near future?

Yozan will keep focusing on the urban area and will extend its business to other urban
areas like Nagoya, Osaka and Kyoto.

Yozan is already doing WiMAX trial experiments in these areas. The reason why Yozan
is in such position to relatively easy deploy such trials, is because their good relation with
the Tokyo Electric Power Company TEPCO and thus subsequently with the Kyoto
Electric Power Company KEPCO.

17. Which geographic area is most interesting for mobile WiMAX deployment in Japan?
Yozan will keep focusing on the urban area.

Customer segment

18. Yozan is offering WiMAX services to both the business customers and the
residential/end-user customers. What were the most important strategic reasons for
this choice?

The main focus of Yozan now is not so much on residential users, but mostly on business

users. Application areas are business parks, company buildings, but also parking

surveillance applications are among the possibilities.

19. Which customer segment is of greatest interest when offering mobile WiMAX
services?

The B2B model for offering mobile WiMAX services should not be seen separate from

the fixed WiMAX services. The possible extension of the current fixed WiMAX network

with the mobile WiMAX standard, using both the 2.5 and 4.9 GHz frequencies for

outdoor and indoor use, can facilitate the creation of a seamless coverage area.

Market

20. In which market is Yozan getting market share with offering fixed WiMAX services?
With offering our fixed wireless services Yozan aims to get a share of the fixed
broadband market. Yozan is striving to attract customers from the ADSL market.

21. What share does Yozan currently have in this market? And, what share of this market
is Yozan pursuing within which period?

At the moment Yozan is not concentrating on getting a large customer base in attracting
many customers, but is merely trying to establish a solid position in the market. Yozan is
trying to create this position by establishing good relations with several parties.

First of all, Yozan has a good relation with Tokyo Electric Power Company TEPCO.
Yozan bought its PHS network for 1 yen and received a business gift of US$ 80 million.
Secondly, Yozan has a good business relation with NTT Communications and uses its
fixed line network as a backbone. Yozan is thus in the unique position to offer other
wireline companies the wireless end. On the longer term Yozan is aiming on a customer
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base of about 900.000 users of the total broadband users in Tokyo in order to be
profitable. This corresponds with around 30% of this Tokyo broadband market.

Services

22. What type of services (e.g. broadband data, VoIP, IPTV) is Yozan offering using fixed
WiMAX?

Yozan is offering broadband data services over its fixed WiMAX network. Besides this,

Yozan is also carrying out experiments with Japanese broadcaster NHK to offer live

broadcast services over WiMAX.

Revenue

23. Yozan is using a fixed rate revenue model when offering fixed WiMAX services? What
were the most important strategic reasons for this choice?

N/A

24. What is the expected revenue for offering fixed WiMAX services?
N/A

25. How important is WiMAX for Yozan regarding the share of its total infrastructure
investment and the share in its total revenue?
N/A

Competitive environment

26. Against which technologies will fixed WiMAX compete in Japan?

In Japan fixed WiMAX will compete against technologies such as fiber optics and
ADSL.

27. Against which technologies will mobile WiMAX compete in Japan?

An often mentioned competing technology of mobile WiMAX is HSDPA, but HSDPA
will not be used in laptops and merely in handsets or PDA’s. Therefore, HSDPA is not
necessarily a competing technology of mobile WiMAX. Possibly only by the year
2009/10 will mobile WiMAX chipsets be incorporated in handsets or PDA’s.

28. Which aspects were of crucial importance during the selection process of equipment
manufacturer Airspan?

Yozan selected Airspan for the following reasons. Airspan is on the board of the WiMAX

Forum and therefore is in close contact with Intel. Airspan was the first manufacturer to

deliver products based on the fixed WiMAX standard. Another reason is the fact that

their fixed pre-WiMAX products are upgradeable to mobile WiMAX enabled products

by just a software upgrade. This is greatly reducing future network investments.

The WiMAX products of Airspan are the EasyST and ProST CPE’s and the MicroMax

base stations. In both the ProST and the EasyST products are Intel WiMAX chips inside.
There are 30000 Intel chips now in the ProST products acquired by Yozan.
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Implementation

29. What are the implementation experiences of Yozan with fixed WiMAX?

The roll-out of the fixed pre-WiMAX network is going steadily, but Yozan is running
behind its original schedule. Therefore, the number of deployment teams is being
increased in order to catch up. The deployment plan for Tokyo is to roll-out 3000 base
stations and 30000 ProST terminals. Two base stations will be needed per site in order to
create a 360 degree coverage area. The total expected CAPEX is around US$ 50 million.

30. What are the experiences of the users with these fixed WiMAX services?

Currently, Yozan does not have that many fixed WiMAX users, but this is for the
moment not the main aim of Yozan. It is now getting familiar with the WiMAX
technology and is fine tuning its network.

By the end of June 2006 a good network availability is expected.

31. Does Yozan have future plans to offer services based on the mobile WiMAX
standard? If yes, when?

Yes, Yozan is planning to offer mobile WiMAX related services by the end of the year

2007.

32. Which uncertainties concerning this do exist?

Yozan will not only focus its business on mobile WiMAX in the future, because there are
still many question marks to be answered about the capabilities of the mobile WiMAX
standard. Insecurities about the authentication process during handovers between the
cells, the battery support of the various handsets and the mobility features of this mobile
WiMAX standard are crucial aspects to be solved.

Another aspect for which caution needs to be taken is not to hype the importance or even
feasibility of mobile VoIP.
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