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Abstract

The purpose of this paper is to discuss Worldwderbperability for Microwave
Access (Wimax) technology-based network deploymepbrtunities in Kazakhstan. To be
widely adapted and be profitable, even the verynsmg technology with advantageous
features must experience market testing and meetaeds. This project consists of two
parts; the first part consists of analysis while $econd part focuses on implementation.

In the first part, the telecommunications industf)Kazakhstan is divided into three
main segments: fixed communication, mobile commaftioo, and internet & data
communication. Some market characteristics areadeldased on data from National
Statistics Agency of Kazakhstan, with the rolehe segments in the telecommunications
industry identified and their future growth discedsWith regards to Broadband Access
Services, some user requirements are considerbevgobvernment and e-commerce
applications discussed. As a result of market rebea Mobile Wimax is selected for
Broadband Access Services implementation for iete®&ndata communication segment.

The second part considers Wimax technology deploymnethe access network.
Distinctive features such as scalability, range&ecage and QoS; standard specifications, and
modulation techniques are explained. The differdreteveen “mobile” and “fixed” Wimax
along with their target markets are discussed. #althlly, the approach for estimating user
capacity requirements for a metropolitan areavgereed. Further, a core element of access
network Base Station deployments and review of AidapAntenna Configurations are
provided. A comparative analysis regarding the nemab required Base Stations in different

implementation scenarios provided by Wimax Foruerariewed.



Introduction

The telecommunications infrastructure of Kazakhstagh other post-Soviet nations
was inherited directly from the Soviet Union, whasiastructure was problematic. As
history shows in Soviet Union, all industries wiikal significance for the nation had been
under the control of the government and followexbarse that the government determined.

Historically, the development of a telecommunicasieystem in the country took the
shape of a natural monopoly, where a single caomered the majority of the
telecommunications network (cables, channels, mgk] and communication installations).
The Development of the telecommunications sectaffested by the economical growth and
stability, geographical and demographical featuresrket and user requirements, étes
acknowledged that there are also internal polificades; activity of the regulatory body,
Agency for Informatization and Communication (Al@presenting government; as well as
the Agency for the Regulation of National Monopsl{&RNM), which influences the
system. This project, however, focuses on the guest how a Wimax technology can be
used for the development of broadband access nietvaoid the telecommunications system.

Market research is formed by comparing data aratimétion about the industry,
customers, and existing providers. This researfstbe launching of a new product and
identifies the population using the services based diverse data, such as: age, location,
income level, and user requirements. This projstt eonducts secondary market research as
used data is free and easily accessible. Whiledsfwlity is an advantage, there may also be
collateral effects such as biased data, whiclaid o validate or materials unspecified to the

research area. The primary research is an expemsigess and requires focus groups,



surveys, interviews, as well as field tests conellisipecifically to research a product
Questions such as the following are addressed:

* What is happening in the market?

* Who are the competitors?”

* What are the trends?

» Which customer needs are important and are cuyrbathg met by current services?

The technology of Wimax allows great opportunif@sovercoming the provision of
wireless broadband access and backhaul networkB.tiié emergence of mobile Wimax, it
provides even more capacity and scalability as aslhtroduces portability. With
appropriate market research and network planningj)ad/ operators take the leading
positions in the provisioning of broadband accessices worldwide. Wimax has different
implementation scenarios and a range of applicatimeluding fixed and mobile voice
services as well as fixed, portable, and mobila datess. Along with the definition of the
Wimax technology during the course of the projdw, difference between mobile and fixed
Wimax are also discussed.

Network implementation is a complex, long term, a@gsburces demanding process.
Initial market research and business sustainalgipyroval are followed by a substantial
planning process before actual network design implgation. The network design process
undertakes future needs, infrastructure flexibii@ysupport future changes, and balances
hardware with budgetary concerns. Regarding thelegs Wimax networks, a number of

tools are reviewed including tools for identifyingtwork coverage and capacity for



metropolitan area, frequency band and channel bigitiiwonsiderations, and base-station
configurations.

Finally, the project delivers some assumptionshentérms of the network
development, goals for mass use, coverage requitsirand other considerations regarding

Wimax technology to be adapted in Kazakhstan.



A. General Information

1. Country profile

A former Soviet Union country the Republic of Kahatan gained its independence
on December 6, 1991. Kazakhstan is the ninth lagestry in the world. It is slightly less
than four times the size of Texas. The populatsob5.34 million. Kazakhstan is located in
Central Asia, bordering with China in the northwéstrgyzstan, Uzbekistan, Turkmenistan
in the south and Russia in the north and northwiédst.capital of Kazakhstan is Astana.

Kazakhstan's economy is larger than those of albther Central Asian states
combined, largely due to the country's vast natesburces and a recent history of political
stability. However, “the country has embarked uparindustrial policy designed to diversify
the economy away from overdependence on the dibisbg developing its manufacturing
potential. The policy aims to reduce the influentéoreign investment and foreign
personnel. Aided by strong growth and foreign ergeaearnings, Kazakhstan aspires to
become a regional financial center and has createthking system comparable to those in
Central Europé®

The scientific base and culture of Kazakhstan wherited from the Soviet regime,
after the Soviet Union’s collapse. Kazakhstan wamtseet its development goals largely by
recruiting, educating and retaining qualified yoyrepple in key fields of Science and
Technology. Currently Kazakhstan has an excellatghak (meaninfuturein Kazakh)
Program, under which 3,000 Kazakhstani studerdsgaten time are given opportunities to

study at leading universities in several foreignrdaes.



Since 1991, after claiming its independence Kazakhlsas become “a leader in
economic reform, implementing bold programs thatehattracted investment, created jobs,
and established a vibrant banking system in CeAs&@™. As a result of the country’s
economical growth potential, today many foreigneistors have expressed interest in
developing technology sectors in Kazakhstan. Inkernet Technology sector there are
companies such as Microsoft, Oracle, EMC, Cisan,M#tin vendors of telecommunications
equipment in the country are Ericsson, Alcatel-lnicBlortel, Huawei, Cisco, etc.

Kazakhstan is a cosmopolitan country as many matieere forcibly moved to these
places during the Stalin’s regime. Ethnic Kazakieshalf of the population; also, there are
many other large ethnic groups such as Russiaraitl&an, Uzbek, German, Tatar, Uygur,
etc. Most people are Muslims and Russian OrthoHaxakhstan has two official languages
Kazakh and Russian. Kazakh is a state languag&assian is designated as “the language

of interethnic communication”. The literacy rat9&5 %?

2. Government

In conformity with the constitution, the RepublitKazakhstan “proclaims itself as a
democratic, secular and social state whose higladis¢s are the individual, his life, rights
and freedom®. Kazakhstan is a unitary state with a presideffiah of government. The
president is the head of state and the commandbearmed forces. The head of the
government is the prime minister and is respongdyléhe cabinet of ministers.

The bicameral Parliament consists of the Senats€di®, 7 members are appointed
by the president other members are elected by &ms@mblies; to serve six-year terms) and

Mazhilis (107 seats; 9 out of the 107 Mazhilis menskare elected from the Assembly of the



People of Kazakhstan, which represents the cosretighic minorities; members are

popularly elected to serve five-year tefm)

3. Population and environment

During its first decade of independence Kazakhbktsexperienced a decline in
population due to immigration to historic homelaindthe CIS and western countries.
Recently the government has developed good soeradflis and credits to ethnic Kazakhs
living in foreign countries provided they returntteir homelands. This entailed the
resettlement obralmans(returnees) from China, Uzbekistan, Kyrgyzstanpiytaia, etc. As
mentioned before the population of Kazakhstan i8 tfllion. For a large territory of 2.7
million square kilometers the population densitiois. Also, due to the various geographical
and economical development in different regionKatakhstan the population density is
uneven. The highest population density, almostdfaifie urban population, is concentrated
in the south (Almaty, Shymkent Taraz and Kyzylorddjis region’s climate is favorable for
agriculture and livestock breeding. The next byagpulation density is north of the country
(Astana, Karaganda and Kostanay), explained binthestrial character of the region

The contamination of the environment is becomiisgr@ous issue. There are issues
such as land and soil degradation in the northarhgaused by overuse of agricultural
chemicals. As a result of improper use of wateoueses there is an issue of Aral Sea
disappearance. Although several years have passmtse last nuclear explosion in the
Semey firing test ground, the region and peopleestperience the irrevocable
consequences. The land of the western part of Kestak is unsuitable for agriculture due to

saline soil. These are a few of today’s importani®nmental issues.
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4. Government policies

Kazakhstan has several short term government pregaad strategies directed to
develop different branches of economy. Among thlesamost important program is the long
term strategy the “Kazakhstan 2030”. This plan eoiates the attention of the state on a
pretty narrow range of priorities, thus, urging GBevernment to settle these tasks and
strategie® (Kazakhstan 2030). There are 7 priorities spetifi this strategy such as:
National Security; Domestic Political Stability; eopment of Open Market Economy;
Health & Education; Power Resources; Transport@oehmunication; and Professional
State.

An issue of Communications and Telecommunicatiotweks is given special
importance since they are “considered to be vitallgortant and necessary prerequisites for
modern business developméeniThe strategy notes the importance of information
technology development in health care, educati@hesavironmental protection. The
program expects development of the independene#iadtive telecommunications network,
competitive in future with the similar infrastrucéuof the world developed economies. It is

admitted that underdevelopment of this sector edllse serious economical problems.

5. Wars and conflicts

Since its independence Kazakhstan has been astiagp@aceful country as it is
stated in the constitution. Neither has Kazakht&lan activity in any international conflict,
nor has it been an epicenter of any conflict orggoment revolution. Kazakhstan has
commenced demarcation of its boundaries with neigh Russia, Uzbekistan, Kyrgyzstan,
China, and Turkmenistan. No resolution has beeremad seabed boundary of the littoral

states in the Caspian Sea; however, there arégegeatifying equidistant seabed.
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6. Economy

The second largest of the former Soviet repubhdgiritory, Kazakhstan, possesses
supplies of metal and plentiful supplies of mingralcluding enormous fossil fuel reserves.
“Kazakhstan's share in world output of commercialarals and products of procession
thereof (according to estimates of the Union Bain®witzerland amounts to the following:
Beryllium - 24%, Zink - 7%, Tantalum - 33%, Titamu 26%, Chromite - 27%, Copper -
3%, Barite - 7%, Molybdenum - 3%, Lead - 7%, Baesit 1%, Uranium -14%, Manganese -
5%, Silver - 6%, Iron ore - 2%, Tungsten - 12%, @01 %"

The agriculture sector features livestock andrgraktracting and processing natural
resources is the basis of the industrial sectaur lfears after the collapse of the Soviet
Union the economy experienced contraction dueléevademand in Kazakhstan’s traditional
heavy industry products. Economic reforms and pida#ion carried out by the government
resulted in shifting of assets into the privata@edot only the country’s booming energy
sector, but also economical reform, good harvesid,foreign investments allowed double
digit growth of Gross Domestic Product (GDP) in gregiod from 2000-07°.

In the next few years Kazakhstan has an ambitiougram to increase its
technological competitiveness in the global mareetp. The government of Kazakhstan has
concluded “that the countries long-term economit-ixeing will depend in large measure
on how wisely its financial resources are investetthe development of non-oil sectors of
the economy and in promotion of sustainable, bizes®d economic growth.” There is a
need in transition “from producing and exportingr@rily unprocessed raw material to

producing more knowledge-intensive, value-addedig@md materiald®.
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B.

Status of telecommunications system in the
country

Today the development of telecommunications systarascountry is of great

significance as it is the conditional factor fotagration with the world community.

Kazakhstan’s telecommunications market is dynaiyickdveloping. For the last three years

the average annual increase of income from teleaamuations services was 28%, which

can be compared with the developing dynamics df §ietds of economy as gas and oll

production services 35% Despite the high growth of the index, which ighr than the

world’s average growth index, numerous indexesasgmting the growth in this sector of the

economy in the Republic of Kazakhstan does not ¢pmith the overall economical

situation in the country. For instance, the shédith® telecommunications market of

Kazakhstan hardly exceeds the amount of 0.1% dfefeeommunications market of the

world™.

At the same time the share of “telecommunicatidiedd in Gross Domestic Product

(GDP) of Kazakhstan in 2006 formed 1.8%. Russia&@sin GDP was 3.5% whereas, the

development model of telecommunications markeh@sé countries is similar.

Table 1 Income from telecommunications services and growth, 2005-2007

million USD
2005 2006 2007 2005/2006 (+ %) | 2006/2007 (+ %)

Total 1789.89 2324.00 2981.76 29.84 28.30

Intercity and International traffic | 368.56 424.09 446.49 15.06 5.28

local telephone services 145.31] 167.46 190.75 15.24 13.91

data transfer services 26.60 36.83 47.01 38.43 27.66

Internet access services 80.51 121.49 184.91 50.91 52.19

Mobile telephone services 778.34 1153.04 1621.57 48.14 40.63

Cable television 64.02 73.54 92.15 14.87 25.32

other telecommunications

services 298.86 347.56 398.88 16.29 14.77

Source: The Agency of Statistics of Kazakhstathiyears cited (www.stat.kz)
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In money terms the volume of the telecommunicatimarket in 2007 reached 357
billion Kazakhstan Tenge (KZT) or $2.98 billion U8Dwhile Russia’s — 1,035 trillion
Russian Rubles (RUR) or $44.55 billf8niThe following figures are indicative: the net
income of Verizon Communications Inc. for 2007 kete$5.5 billiort” which is almost twice
the income from the whole telecommunications maoké&tazakhstan.

According to the statistics agency of Kazakhstapd@8 the volume of national
telecommunications market can amount to $ 3.8IbhillAt the same time, for 2008-2009 it
is forecasted that the rate of growth of the tati@rmwnications market in financial terms will
be reduced, since the Government of Kazakhstaraksnm efforts on reducing tariffs to
fixed, mobile communication and Internet data ssi This short-term government policy
will reduce the rate of growth in income of playarshe telecommunications market.
However, this policy will not directly affect thadgrease in customer base and consumption
of telecommunications services.

Figure 1 Growth dynamics of the telecommunications market of Republic of Kazakhstan

Total Income (million, USD)

3500+

3000

2500+

2000+

1500

1000

500+

2001 2002 2003 2004 2005 2006 2007

Source: The Agency of Statistics of Kazakhstan (statikz)
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Some of the features that influences the developwiehe telecommunications
market in Kazakhstan are geographical and demomapbr namely the large territory of
the country and the low density of population. Byritory Kazakhstan is the ninth largest
country in the world after Argentina and Brazil,iteht is 60th by population. Thus, the
density of population is very low, approximatel$ person/sq. meter, which is 1.5 times
smaller than Russia’s figure and dozens of timegtdhan that of European countries. The
large territory in aggregate with the low populatibigh number of rural population (40%)
and high coefficient of family size (on average5 Berson/family and 4 persons/ family in
rural areas) partly explains the low penetratiotetdcommunications services in the
country. For instance, fixed telephone servicespration in households is 62% in Russia
and 97% in Germari§

Table 2 General geographical and demographical characteristics of Kazakhstan compared

with other countries, 2005

Population | Area (thous. Population Average annual
(mill.) sq. km.) Density telecommunications
(people/sq.km) | services
consumption per
capita, USD
Kazakhstan 15.2 2717 5.5 105
Russia 142.7 17045 8.4 250
Europe 727 10000 72.7 343
by
countries
Czech Rep 10.8 78.9 129 539
Hungary 10 93 109 220
France 62.4 547 110 600
UK 60.4 244 247 1826

Source: Euromonitor's Global Market Information Rhagse, 2005 (www.portal.euromonitor.com)

It is necessary to emphasize that fixed telepls@neces penetration is significantly

15

varied between urban and rural areas: in metr@oliteas and large cities from 76% to 87%



of households are equipped with fixed telephoneiges, while in smaller cities and rural
areas only 38-44% of households are equipped it ftelephone servicEs

The average per capita telecommunications seruga&ge index in the country is not
the highest and totals in $105 US dollars annu&lly.comparison in Russia this index is
250 US dollars in average per capita. One of thie faators defining the development of
telecommunications sector is low index of GDP @git@. In 2007 the level of GDP per
capita in Kazakhstan amounted to 11,100 US déflanich is several times lower than in
some developed countries.

Figure 2 GDP per capita, 2007%

(U.S. dollars in thousands)

60

552

Source U.S. Department of Labor, Bureau of Labor Statj2i@07
Thus, in Kazakhstan the presence of computershaiddonnection to Internet

services in households stays considerably lowifstance, only 17 % of households are
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equipped with a computer, (2/3 of which are in urageas). To compare in Czech Republic
29 % of households are equipped with computerduimgary 32% and in UK 65%. Among
all households in Kazakhstan only 5% are conndatélde Internet (in Czech Republic 19%,
in Hungary 14%, in UK — 56%). On the whole 35% otikeholds, equipped with computers
have connection to the Internet. In Czech Repubigfigure is 65%, in Hungary — 44% and
in UK 869",

Let us examine the structure of Kazakhstan'’s telenanications system according
to income from different services.

According to the data from the Statistics AgencKafakhstan in 2004 the shares of
income from fixed telephones and mobile communicatvere almost the same — 36% and
37 % respectively. However, in 2007 the largest pathe income from telecommunications
services came from mobile telephone services amiatad in 1.62 billion USD, which is a
54 % share of total incorfie The second largest segment of income is fixegpteine
services with 632 million USD or a 21 % share. iné access and data transfer services
forms only 7 % of total income from telecommunioas services. As a result of rapid
development of new means of communications theesbfancome from fixed telephone
services changes very slightly compared to moblephone services and Internet data
transfer services. In other words, in later 4-5rgeehile consumers spent almost the same
amount of money on fixed telephone services, tgdenses on Internet access and

especially mobile communication increased consligra
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Table 3 I ncome from telecommunications services

million USD

2001 2002 2003 2004 2005 2006 2007
Total 715.73 | 789.33 | 1003.92 | 1341.25 | 1789.89 | 2324.00 | 2981.76
Intercity and International 279.71 | 294.48 | 350.01 | 390.11 | 368.56| 424.09| 446.49

traffic from fixed telephones

Local fixed telephone 164.74 | 156.40 | 110.25| 122.87 | 14531 | 167.46| 190.75

services
Data transfer services 18.56 33.82 41.39 38.78 26.60 36.83 47.01
Internet access services 27.24 31.13 26.01 52.36 80.51 121.49 184.91

: , 166.88 | 194.83 301.61 486.37 778.34 | 1153.04 | 1621.57
Mobile telephone services

Cable television 30.34 35.87 41.93 55.60 64.02 73.54 92.15

28.26 42.81 99.51 156.34 298.86 347.56 398.88

Other services

Source: The Agency of Statistics of Kazakhstamcdeimunications (www.stat.kz)

Thus, from the table above we can define the nmgbitant three sectors of the
telecommunications market of Kazakhstan - fixed wamication, mobile communication
and Internet & data transfer services. Since datester and Internet access are inseparable

and develop together we will consider them as one.

1. Fixed telephone services market

The following segment is presented by local tetefghservices, intercity,
international communication as well as by transiorsnes interconnecting mobile
operators’ networks and outgoing calls to mobilavoeks. In 2005 the average expense on
every single fixed telephone line was 11 USD falividuals and 93 USD for enterprises.
The increase in income from 2005 to 2007 is maiméyresult of the increase in local
services and intercity communication. In the pend@004-2005 there was no growth in
income of international communication services. glf@vth was expected by the

government, as a result of market liberalizatiod seduction of tariffs on fixed
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communication. Although, the international traffioe number of minutes) increased
compared to previous years the income from inténat calls services in 2005 decreased
(table 3).

In order to enter the World Trade Organization (W,f@om 2003-2005 the
government carried out measures to rebalance tffs t& fixed communications services.
As a result, under the pressure of the governntieatnain provider of fixed
communications services in Kazakhstan Kazakhtelesaiuced the prices for international
calls by 339%". At the same time the tariffs on local serviceseniacreased by 20 %. The
government expected growth in this market; howewreie showed that the international
communications services did not provide enoughilfiety to cover the losses followed by
the tariffs rebalancing. There were some reasanthéd: the number of households willing
to make international calls is not large. Accordioghe Statistics Agency of Kazakhstan
only 22 % of households in Kazakhstan wish to maternational calls, where half of the
households are already using international callices.

The possibilities for growth in local telephonevsegs are limited as well. By the end
of 2007 total number of fixed landlines reached8.million lines (figure 4), where the
market capacity (or the maximum possible numbéamdlines) is 4.7 million telephone

lines. Thus, the maximum possible growth is apprately 1.2 million fixed telephone lines.
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Figure 4 Growth dynamics of mobile and fixed telephone users
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@ Mobile users ('000) | 834.50 | 912.80 | 1317.00| 2447.00| 5398.20 | 7830.40 |12587.80

‘D Fixed lines ('000) @ Mobile users (‘000) ‘

Source: The Agency of Statistics of Kazakhstan (atatikz)

There is no doubt, despite the reforms of 2003-2&08ed out by the government of
Kazakhstan to demonopolize the market; therellsosie central and powerful operator. The
main provider of fixed local communication servite¥azakhstan remains Kazakhtelecom
whose share among all provided telecommunicatiensces is 48% (mobile, internet and
fixed), and 96 % of all fixed communication. Theshonportant improvement of the reform
is that Kazakhtelecom is no longer a single opetiatprovision of international and intercity
communicatiof”. Today six new operators hold licenses for provisif international and
intercity communication: Astel, ARNA, Nursat, TN&8B, KazTranscom and Transtelecom.
The last two are the branches of KazMunaiGaz (KM@®) KazTemirZhol (KTZ). KMG is
the largest national oil company and KazTransConmiparovides telecommunications
services for KMG and in some regions for individudlranstelecom provides

telecommunications services only for KTZ, whiclthe national railway transportation
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company. Since both KazMunaiGaz and KazTemirZheleavned by the government, the
KazTransCom and Transtelecom are also indirectiyamby the government.

Legally the reform gave the opportunity for new igers to provide these services;
however, they do not have enough resources forl equgpetition.

The main issue is that none of these new compaiaies a network as broadly
developed as Kazakhtelecom’s. All of them do neeh@any options: either to build their
own network, which is completely unattractive daesignificant expenses, or to rent
channels from Kazakhtelecom. In its terms Kazaldet@in resists in order not to lose its
international traffic. The main customers of Kazadcom’s competitors are corporate
enterprises, since new operators have high bofdeetrance in the market for mass usage.
As a result, all new operators in any event degeniazakhtelecom. In the view of
developed countries there is a lack of competitnathis market.

None of the new operators have made any attempovide services for rural areas,
due to economical unprofitableness and yet 40%uwohtry’s population lives in the rural
areas. Telecommunication services in rural areap@vided only by the national operator
Kazakhtelecom. In 2007 Kazakhtelecom supplied vatBphone access all of the settlements
in the country exceeding 50 pedfle

Recently, the regulatory body, Agency for Information and Communication (AIC)

has promoted a proposal to separate Kazakhteleodiredasis of its functionalft{
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Table 4 Communication facilities and services

2001 2002 2003 2004 2005 2006 2007

Intercity, International
outgoing traffic (million

min.) 1187.90 | 1380.50 | 1724.80 | 1925.60 | 2286.40 | 2602.80 | 3025.90
Fixed telephone lines
(‘000) 2144.00 | 2238.00 | 2512.00 | 2550.00 | 2700.90 | 2928.40 | 3236.90

Fixed telephone lines
used by individuals

(‘000) 1758.00 | 1901.00 | 2083.00 | 2150.00 | 2330.20 | 2495.10 | 2757.30
Mobile telephone

users (‘000) 834.50 | 912.80 | 1317.00 | 2447.00 | 5398.20 | 7830.40 | 12587.80
Mobile telephone

users (%) 5.61 6.14 8.83 16.30 35.64 50.82 81.29
Internet Users (‘000) 91.70 | 133.70| 185.00 | 203.00 | 301.60 | 310.80 381.20
Internet Users (%) 0.62 0.90 1.24 1.35 1.99 2.02 2.46

Source: The Agency of Statistics of Kazakhstamcdehmunications (www.stat.kz)

I. Voice over Internet Protocol (VoIP) in Kazakhst an

A reasonable alternative for high tariffs of natboperator on international and
intercity calls became calls by means of VoIP tetbgy. Numerous companies provide IP-
telephony services. Despite the significant chespioé VolP compared to tariffs of fixed
operators, the service is not widely used. Onlyddf all international calls are made by
VolIP technolog$?. While sometimes poor voice quality could be aso@afor not choosing
VoIP, another possible reason could be inconverieaased by the dialing process: access
number + pin number + destination number (up tdiggs).

The usage of IP-telephony for international caléswne of the main advantages,
which allowed the new mobile operator Neo (workamgGlobal System for Mobile (GSM)
standard) to enter the most competitive markehbéncobuntry - mobile communications. Neo
created a pricing policy of 0.26 USD per minuteuty part of the world allowing a
competitive business model (see table 5). Therdjglrocess is also easier compared to

VoIP cards, users need to dial only the destinatiomber.
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Table 5 Comparison of tariffson 1 min international callsto Germany

Operator USD/min
Kazakhtelecom (Fixed) 0.82
Ducat (fixed) 1.37
NEO (mobile GSM) 0.26
Kcell (mobile GSM) 1.11
Dalacom (mobile CDMA) 0.83
KazTranscom (fixed) N/A
VolP

NetCard (Ducat) 0.31
Call Card 0.25
i-Card 0.28
Tarlan (Kazakhtelecom) 0.23

Although, fixed communication has slower penetragod overall limited market
capacity (as previously mentioned only 1.2 milltefephone lines for possible growth) for
the majority of the time it is the preferable clettue to unlimited talking time with a
comparably lower monthly price. None of today’s nil@bperators provides the same voice
quality as can be provided by fixed telephone lif@@s the other hand, the emergence of
operators providing services of international ealthanges reduces the profit of traditional
fixed operators. In several countries more and rpemple make their choices in favor of
mobile phones. For instance, according to the sucaeried out by the US Center of Health
Statistics in 2007, among 13, 000 respondents, df836useholds are not equipped with
fixed telephones and another 13% have a telephain@lkely use it. Thus, almost 29% of
households have no need in fixed telephone. Clyrehe situation in Kazakhstan is slightly

similar since the number of mobile users is asawis the number of fixed telephones.

2. Mobile communication services market

This sector of communication is generally presetgedellular communication,

which in 2007 formed 97 % of the whole mobile conmication market. The sector of
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mobile communications is the most dynamically depelg sector of telecommunications
market of Kazakhstan.

In 2007 the income from this sector increased by#@nd the total number of
mobile subscribers has doubled since 2005 resuhiig.5 million users. According to
world practices, there are two critical threshaddires in analyzing mobile services
penetration. After reaching 20 % penetration theeboost in growth of subscriber base. In
a short period of time, three to five years, thegigtion can reach 50-60%. The second
critical period is the 70% threshold. Accordinghe specialists in mobile communication
70% penetration is a saturation point. After pagsiry0% penetration threshold the growth
in customer base distinctly slows ddtin

According to the Statistics Agency of Kazakhstam filenetration of mobile services
in 2007 reached 60-65% in the country, and 82%iialrareas. Thus, this market in large
cities is over the satiation point and mobile opesaare headed to cover urban areas,
highways and railways connecting cities as futuoewh for subscriber base could be
reached through urban area users.

One of the distinctive features of the mobile comioation market development in
Kazakhstan is that at initial stages the markeelbgped as a monopoly. From 1994 to 1998
the single holder of licenses for mobile communaratervices was Altel. In 1998 the
government of Kazakhstan arranged a legal tenddicémses in provision of mobile
operating services. As a result, another two maiplerators GSM-Kazakhstan and Kar-Tel
(now Beeline) emerged in February 1999.

Currently there are six operators of mobile comroatidn services. Three of them

are operating in GSM standard and another thr&@ode Division Multiple Access (CDMA)
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standard. GSM operators are GSM - Kazakhstan, iieahhd Neo. CDMA operators are
Altel, Mobile Telecom Service and Nursat. Howevbg market is virtually divided by the
three players GSM-Kazakhstan, Beeline and Altelm&ntioned earlier, at the end of 2007
the total number of mobile subscribers reached a®llton. The largest number of
subscribers uses the services of GSM-Kazakhstanrdiog to official releases they serve 7
million mobile subscribers. The next largest suibserbase is served by Beeline 4.6 million.
The third largest operator is Altel with a 0.8 moill subscriber base. There is a need to say
that both the companies and the Statistics Ageh&amakhstan count the number of
registered Subscriber Identity Modules (SIM-CardisKazakhstan most of the operators do
not have terms for service contract with lockeégpébne, thus, users can have as many SIM-
Cards as they want. In most cases users are b8l¢dey make calls with no monthly fee. It
is believed that up to 7-10 % of users have twihire mobile telephones and additional
telephones can be either active or not. As a résellhumber of actual active mobile
subscribers is approximately 10% less than theiafffigures.

According to the research results of ICT-Markgt@gency, from the period of 2005-
2007 there was a tendency for traffic flow fromefiknetworks to mobile networks. It can be
represented by the growth of income shares insetsor, in 2005 the income increased by
35 % and by 48% in 2006. In 2007 the growth rigeved down with 38%, which to a
certain extent can be explained by market saturatial decrease in SIM-Cards sales.

In order to better understand this market it wdagduseful to represent some
consumer characteristics of the market in Kazakh&the three most frequent services used
in mobile communications are: outgoing calls witthie network; outgoing calls to the

network of other mobile operators; and outgoindsdal fixed telephones within the same
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city as the caller. According to the results of skevey by ICT-Marketing mobile subscribers
rarely make international calls and calls to fixeléphones in other regions of Kazakhstan;
although, the tariffs on outgoing calls to the €ixelephone in other regions of Kazakhstan is
the same as the calls within the same region asaltey. There are no fees on incoming calls
for mobile subscribers in Kazakhstan. Among adddlservices, the leader is Short
Message Service (SMS). According to the survey, 68%gdult respondents use text message
services, and only 3% of adult respondents useiMettia Message Services (MMS). The
number of Internet content users is considerablgillemthan the number of users of
traditional voice services. Main services usedis &rea are downloads of ringtones and
media graphics.

Even though, the mobile market in Kazakhstan rsmered as the most competitive,
traditional fixed operator Kazakhtelecom has inficee in this market as well. The board of
directors of Kazakhtelecom is also the major shaldshr of the three mobile operators: GSM
Kazakhstan with 49% shares; Altel with 50% shaaest Neo with 100% shares. The
strongest competitor is Beeline, which is the brahdympelcom, one of the largest mobile

operators in the Russian Federation.

3. Internet and data communication market

This segment of the telecommunications marketisray the three most dynamically
developing. The growth of income in this marke2@06 was 50 %, and 52 % in 2007. In
2006 the Internet penetration was 6% among hougslamid 59 % among enterprises and
businesses. Despite the small share of Internetrieq7%) from total income this market is

considered as the most perspective. Accordingadthtistics Agency of Kazakhstan the
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number of actual Internet users is approximately tibusands, and the estimated market
capacity (the maximum number of Internet userg)@smillion users. The development of
the Internet services market in Kazakhstan isaestd by lack of Internet content
development, high Internet tariffs and high compptées, which are not affordable for a
considerable number of the population.

Currently, there are five primary Internet provglevho have their own access to the
global network, thus, they are independent fromatiher Internet providers: Kazakhtelecom,
Nursat, Ducat, GoldenTelecom, and Astel. The largesvider of Internet services is the
national company Kazakhtelecom, whose shares i 2@0e 61% from whole Internet
services market in Kazakhstan.

The problem of Internet accessibility for the massean issue that is given
consideration at the national level. In particutag program of telecommunications sector
development for 2006-2008, considers the oppoitsmior tariffs reduction and increases
the Kazakhstan’s Internet content attractivenespets in the field say that the development
of Kazakhstan'’s Internet content by the governnséould urge the content development in
the private sector. Electronic Government (e-govemt) — the latest Government
perspective program (2004-2008) not only will faate the work of government structures
but also make the population get acquainted with teehnologies, thus, improve the

internet content attractiveness for users.

i. Electronic government program

In the 1990’s governments of many nations facedc@ssity to revise the

management models which appeared inadequate tormoaieditions. With the
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development of information technologies the oppatjuto organize the work of State
institutions in more effective ways primarily redarg the services to population and
businesses has appeared. Thus, in the middle 66188 concept of “the electronic
government” (e-government) was born.

Realization of the e-government should lead totp@stchanges concerning
government’s relations with three types of useit&zens, state employees and business
representatives. Accordingly, these relations aseghated as Government-to-Citizen (G2C),
Government-Government (G2G) and Government-Busase&32B). Thus, e-government
should modernize all levels of management: froraroieépartmental interaction to interaction
of government and population. By means of infororatechnologies and the Internet it
should provide organizations and population withrapriate servicés.

Many countries have developed national progranteokition to an information
society, through creating and developing electrgonernment. Different resources specify
four basic development models: Continental; Anglnekican, Asian and Russian mod@ls

The continental model is characterized by theges of non-governmental
institutions such as (the European Parliament, &monission, the European court),
recommendations of which are obligatory for exemutyy all countries of the European
Union (EU); by the high level of integration of Eypean people and the countries; by a rigid
legislation system that regulates information streairculating in the European information
space.

The Anglo-American model is developed in the U&4ds Britain and Canada. In the
US the model emphasizes creation of an informagigerbackbone, which provides

universal services for the population and provithesn with the information concerning
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problems of the government. For instance, theam iAsk the White House” Internet-
service that allows for submitting a question t® Eresident’s Administration officidfs The
interaction is in real time so the visitors of 8ie have the chance to receive the answer
immediately.

The Asian model of e-government is based on a pstyle of management, on
Asian corporate culture and multilayered systerthefgovernment organized by a principle
of a hierarchical pyramid. The accent is directedatisfaction of informational needs of the
population through development of electronic comitations and formation of unified
information space.

The basis for the Russian model is the federalrpradElectronic Russia 2002-
2010” The basic purposes of the program are didemteincrease of the functioning of
economy, government and local administration, miowi of means for the population to
receive necessary services concerning activities imformation society.

According to the Isin Nurlan, the president of Kidzstan’s IT companies
association, the architecture of information infinasture of the electronic government
depends on development of telecommunications icd@try. The Experience of the
countries that have staked on development of thadiistry, shows, that realization of such
major objectives as construction of electronic goweent can and should become the
catalyst of development of the IT-branch of therdou

Today, we can view only some of the functions ef ¢hgovernment program of
Kazakhstan. The most advanced work of the progsatime creation of e-gov (http//e-gov.kz)
Internet portal, where information services of tétenic government” are realized. All state

authorities have started the work in provision lbfrdormation resources provided on
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Internet Portaf. United Nations Organizations (UN) conducts thekiiags of the countries
on a level of development of electronic governméfdzakhstan has progressively
improved in each of the three annual surveys. Teumprise then, it has markedly enhanced
its overall position and solidified its online peese. Notably, its true national website

http://government.kprovides extensive information and useful linfksAccording to the

2005 ranking the leading positions are after U8ntBenmark, Great Britain, Sweden, South
Korea, etc. Although, Kazakhstan holds first positamong South and Central Asian
countries it holds only 85position of the world rankings.

Table 6 E-Government readiness rankings: South and Central Asia

Rank
Index FRank in change
2005 2005 2004
1  Kazakhstan 04813 G5 &l 4
2  Kyrgyzstan 04417 7B s -10
3 Maldives 04321 77 74 1
4 Uzbekistan 04114 74 21 2
5  India 0.4001 B7 B -1
G S0 Lanka 0.3850 54 G 2
7 Iran {lslkBmic Republic of) 03813 a8 15 17
B Tajikistan 03346 17 »
9 Mepal 0.3021 126 132 i
10 Bhutan 02841 130 165 25
11 Pakistan 0. 2836 136 122 -14
12 Bangladesh 01762 162 158 -3
13 Afghanistan 0.1490 168 171 3
Average 0.344.8

Source: United Nations Global E-Government Readirieport, 2005

ii. Electronic commerce in Kazakhstan

The issue of electronic commerce (e-commerce)apakhstan considerably lags
behind the advanced countries. There is no authdata on the volume of Kazakhstan’s

retail Internet-trade market; however it is vekely that the volume of retail Internet-trade
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in Kazakhstan is in times less than in neighboRwngsia. This has concerns for a smaller
share of Internet users and a much smaller quanttityternet-shops. For example, the total
number of Internet shops in Kazakhstan is no nioaia 60 (in Russia around 4500 Internet
shops). For comparison, in 2005 the total volummodme of e-commerce in Russia
amounted to 1 billion US dollars, where in US ir2 billion dollars.

In general, the factors that hold up the develagmée-commerce in Kazakhstan are
similar to those of Russta

* Small amount of Internet users (favorable condgifor e-commerce in the country
starts after overcoming the threshold of 10% irgecrsers from total population)

» Lack of development of Kazakhstani Internet contdtajority of Internet users in
Kazakhstan prefer to use pithier Russian web-ressur

» Distrust of Internet users for reliability of commaation facilities transferring
confidential financial information.

» Low purchasing power of most of the Kazakhstaniytajoon, especially in rural
regions (37% of families of cities and 42 % of tuegions mark that their income
suffices for no more than the purchase of livingegesials)

» Imperfection of traditional retail channels (e-cosroe introduces progress when
these channels are well advanced)

* Relatively low development of electronic paymergteyns

» Absence of legislation for regulating electronicrooerce in Kazakhstan

Thus, in order to develop the electronic commereeket in Kazakhstan the society

should overcome many complex issues that concdranmyp the telecommunications system
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and internet technology industry. According to tlag¢a of the national internet award agency
Award.kz, there are about 50 websites performiegtedbnic commerce services in the

country.
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C. Wimax Deployment Alternatives in Kazakhstan

In the previous section of this project, the telaowunications system of Kazakhstan
was analyzed where some positive and negative @sswece discussed. For the positive, it
was mentioned that Kazakhstan and the governmekedtbforward to implementing new
technologies in the sector of the telecommunication

New policies considered to grow this sector aradpelieveloped and implemented.

On the other hand, there are several negativedssueh as the monopolistic character of the
market and lack of development compared to stasdand trends of developed countries. In
analysis of current fixed operators and internetjalers, the data of Statistics Agency of
Kazakhstan was used. Accordingly, the telecommtioizs. market was divided into three
main sectors based on the income share from thkinacbme of the telecommunications
sector. Deeper analysis includes the situationystuthe regions, the technologies being
used, and the services being provided. The entiaysis was based on currently popular
communication services that the Kazakhstan pomuatses. According to research, the
followings assumptions can be considered.

Kazakhstan’s fixed communication market is at tiage when growth slows down
(68% of households are equipped with fixed teleghores and on average since 2004 the
number of fixed lines have increased for 250-3@ugands annually). The national operator
provides the majority of fixed line services. Thare several scenarios of Wimax technology
application in this field. The most probable scéna the national operator considers Wimax
for fixed Wireless access. It is very unlikely tipabvided access networks be designated for
voice services. In addition, it is clear Wimax isstlikely to be implemented in urban areas.

Although, Wimax technology could bring great adeaas in rural areas, there are several
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barriers for Wimax operators to enter rural areash as very low demand in broadband
services and high costs of network deployment farators driving to future
unprofitableness.

The mobile communications market is the most dyealtyi developing market in
Kazakhstan. The average coverage has reached @&nper the country and the number of
mobile users has reached the population of thetopudurrent mobile networks in the
country are mainly designated for voice servicesugh CDMA2000 and GSM standards.
Cellular service providers can deploy Wimax equiptras an overlay to their current
cellular network to offer affordable broadband dsgavices to enterprise customers. For
example, after researching and deploying commengraless broadband systems, Aircel
India, a cellular service provider, has elected Wfrfor their network expansion. There are
numerous other examples around the world wheregeovare deploying “Wimax
equipment as a complementary technology to celandras a means to rolling out
broadband services to their subscrib&ts”

Internet and data exchange market has little shartegal income of the
telecommunications sector; however, it is considéoehave the most promise. The exact
number of Internet users in the country is unidetti According to the estimates of
National Statistics Agency, however, there are axprately 250,000 to 300,000 Internet
users. Since the total market capacity is estimasetl6 million users, this market has
promising future growth.

News releases report that there are currentlydperators willing to deploy Wimax
equipment on their networks for Internet and dathange. In May 2008, the alternative

operator Aspan Teleconmgnnounced the start of commercial operation ofitseWimax
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metropolitan area netwotk They represent their wireless network as a mefins

overcoming access network and their future pergpettinsition to mobile Wimax. Aspan
Telecom was created by National Innovation Fundwunif.kz) with the capital of $655
thousands and currently has three base statiorsage. The other three alternative

operators areDucat Black Sea TelecofBST), Russian broadband services operator who do
not have any network infrastructure in Kazakhstarg Greenfield operataBitel-Telecom.

All operators consider Wimax deployment for fixedr®less Access and future transition to
Mobile Wimax.

The market analysis and the intentions of the dpesan today’s situation of
Kazakhstan show that service providers are intedastdeveloping Broadband Wireless
Access network. Wireless access networks can bdeyszpfaster without any need to dig the
ground around customer premises and lay out the<adln addition, capital expenditures are
lower since it is mostly dependent only on instadla of base stations or access points. At
the same time, single base station can provideginooverage for a very wide range of
customers or businesses. The following sectioniderssome deployment scenarios of

Wimax in the access network.

35



1.

Why Choose Wimax

When first emerged, Wimax was implied “the nexteyation network or Wireless

technology connecting you to the Internet at faspereds and from much longer ranges than

current wireless technologies allot’In a customer’s view, the benefits of Wimax ase a

follows

It provides additional range of choices from boted and wireless broadband operators.
It provides Digital Subscriber Line services witlom portability.
It provides a lower installation cost at customeampises, causing a rapid decline of fixed
broadband prices.
Wimax-based access does not incur “installatioesfgom the incumbent.

From the service provider perspective, the benefit&/imax include:
Delivery of high throughput for broadband-basedises (VolP, high-speed Internet and
Video).
Wimax reduces the capital expenditures requirechédwork expansion.
Wimax provides improved performance and extendadea
Wimax is an open standard supported by Wimax Fowingh counts for “522 members
comprising the majority of operators, component egdipment companies in the
communications ecosysteffi'it helps in facilitation of equipment compatibjliand
availability*.

There are different drivers for Wimax adoption thaties from provider to provider.

Today, the Wimax Forum members offer numerous saenaf technology application for a

range of companies of different profiles from Grgsdd operators to traditional service

providers with developed infrastructure. These dgmplent scenarios are based on crucial
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features of Wimax which helped in increase of op#itg around the world. The followings

are some of the Wimax significant features.

I. Range and Coverage

Theoretically under ideal circumstances, Wimax ptes connection in a radius of up
to 30 miles without line of sight.

“The IEEE 802.16 is the air interface for fixed ptto-multipoint Broadband
Wireless Access (BWA) standard designed for opfadbrmance in all types of
propagation environments, including line-of-sigh©S), near LOS and non-line-of-
sight (NLOS) environments, and delivers reliableust performance even in cases
where extreme link pathologies have been introdu€kd robust Orthogonal
Frequency Division Multiplexing (OFDM) waveform sapts high spectral
efficiency (bits per second per Hertz) over raniges 2 to 40 kilometers with up to
70 Mbps in a single radio frequency (RF) chanfi&l”

The coverage basically depends on tower heightnaatgain, and transmission

power. In real world conditions, the coverage regudue to interference, typical in urban,
high-dense areas. According to the survey amorlgé&#ing Wimax operators around the
world, in general operators are satisfied with ootdcoverage, which they provide with the
average cell radius of 1-1.5 km (pure outdoor cage). The small cell radius is explained
by the high density of users within the area amtéd to the bandwidth capacity within the
cell. The number of base stations needed depentsamghput demand, rather than range.
Furthermore, the majority (86 percent) of the ofmrsasurveyed consider that indoor
coverage is also very important because most af thetomers connect to Wimax network
from indoor locations. For the provision of indamverage mentioned, cell radius shrinks to
400-500 meters due to a loss of 15-16 dB for firall building penetratiott. As a solution

to expanding indoor coverage, operators indicate thadiness to move further than
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macrocell topology and focus on deployment of naeils and picocells in urban, high

density areas.

il. Scalability

As the network expands and there is a demand ve $&nger amount of users, the
cell capacity can be increased because the stasdppabrts flexible radio frequency channel
bandwidth and frequency reuse. The spectrum reatltn through cell splitting and
sectorization allows dealing with subscriber grawdthe additional tool for the efficient
spectrum use and cell deployment is achieved shestandard supports automatic transmit
power control and provides measurements for chaquedity. The regulations for spectrum
allocation are different from country to countrytWimax supports several channel sizes
ranging from 1.25 MHz to 28 MHz with many optiomsbetweeft. This is very handy for
operators since there is more chance for bettetgspe use. For example, an operator who
has the license for 30 MHz of spectrum and paygd&eh MHz has many options for channel

allocation without wasting the spectrum.

iii.  Quality of Service

The performance of wireless network is extremelyeshelant on QoS ensured by
radio resource management. Compared to Wi-Fi, wbifgrs poor quality for real-time
applications, Wimax presents good QoS settinga@ipyito the time sensitive traffic such as
VolIP or video streaming. 802.16d (or fixed Wimatgralard provides four categories of
traffic prioritization required for different types traffic from VolP and video to web

surfing. Mobile Wimax offers five such categoridspdoritization2.
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Table 7 Prioritization of Traffic in Wimax

Service Class Applications QOS Specification
Unsolicited Grant Service | VolP « Jitter tolerance
(UGS) e Maximum latency

tolerance

e Maximum sustained rate

Real-Time Packet Service | Streaming audio or » Traffic priority

(rtPS) video e Maximum latency
tolerance

*  Maximum reserved rate

e Maximum sustained rate

Extended Real Time PacketVolP (Voice with » Traffic priority
Service (ERTPS) activity detection) » Maximum latency
tolerance

* Jitter tolerance
« Maximum reserved rate
« Maximum sustained rate

Non-Real Time Packet FTP » Traffic priority
Service (nrtPS) e Maximum reserved rate
* Maximum sustained rate

Best Effort Data transfer, Web » Traffic priority
surfing etc. e Maximum sustained rate

Source: WiIMAX Forum and IEEE (www.wimaxforum.org)

In addition, 802.16e introduces Extended Real-ThHuakling Service (ERTPS), which
allows controlling traffic rates and transmissiadigies as well as improving latency and
jitter®®,

It is necessary to mention that when considering €@o real-time data, ensure end-
to-end QoS for better performance. Thus, all segsnefina network (access - IP transport -
backhaul) are important. QoS implementation imglsi segment may not bring the required

performance for real-time applications.
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2. Wimax Specifications

In 2001, the Wimax Forum introduced the term, Win(Méorldwide Interoperability
for Microwave Access) to promote the Institute tdédfrical Engineers (IEEE) 802.16, a
family standard for broadband wireless access msthitially, it originated with 802.16a
standard, which addressed the Wimax in the speadfulfi-66 GHz and focused on Line-of-
Sight (LOS) applications. In 2004, the IEEE 802.{&dIEEE 802.16-2004) was published,
introducing some improvements to the specificatittrsddressed frequencies between 2 to
11 GHz and supported Non-Line-of-Sight applicatidn2004, a few providers
implemented Wimax (the 802.16d standard) on thetwarks. The 802.16d is also referred
as a fixed Wimax. In 2005, with the correctionshe fixed Wimax the mobile Wimax or
802.16e standard evolvVEdThe mobile Wimax introduced support for portaifepbile,
nomadic and also fixed solutions.

Table 8 Progression of the 802.16 Standard

Reference # Description

802.16 * Addresses spectrum range of 10 to 66GHz
* Requires Line-of-Sight (LOS)
* Addresses multipath with OFDM

802.16a * Added spectrum range 2 to 11 GHz

* Incorporated Non-line-of-sight (NLOS)

e Enhanced MAC layer capabilities

* Improved quality of service (QoS)

» Supports both Time Division Duplexing (TDD) andduency
division duplexing (FDD)

802.16¢c * Represents updates in the 10 to 66 GHz spectrugeran

802.16-2004(d) « Incorporates 802.16, 802.16a and 802.16¢ standards
* Uses OFDM-256 subcarriers
» Up to 75 Mbps at 20 MHz channelization

802.16e * Adds support for mobile broadband

* Scalable OFDMA

* Enables high-speed handoffs

* Upto 15 Mbps at 5 MHz channelization
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Many of the standards purposes are technical; hemysetandard bodies also pursue
economical purposes. The ultimate effect expectad the standards, if broadly accepted, is

to reduce costs and speed up expansion of broadtiasidss.

I. OFDM, OFDMA, and SOFDMA

Orthogonal Frequency Division Multiplexing (OFDM) a digital modulation scheme
using multiple orthogonal frequency sub-carrie@chEsubcarrier is modulated by a
conventional modulation scheme (e.g., quadraturgiarde modulation QAM) with reduced
data rates (thus, providing increased symbol domgtkeeping the overall data transfer rate
the same as in the conventional modulation schémthe same bandwidth. OFDM signals
are obtained by using Fast Fourier Transform (FFT).

The main advantage of OFDM compared to a singleetaacheme is its feature to
resist difficult conditions in the channel. For exale, without the use of sophisticated filters
or equalizers the channel is sustainable to th@whand interference and frequency-
selective damping caused by the multipath propaga€hannel equalization is easier since
the OFDM signal can be viewed as a lot of slow niatgal narrowband signals, rather than
as a fast-modulated broadband signal. Reducedatatanakes it possible to use protective
interval between characters, which allows copintpwime diversity and eliminating
intersymbol interferenéa

Orthogonal Frequency Division Multiplexing Accé€DMA) is not just about the
modulation technique, but also a separation of célsnIn OFDMA, there are more carriers
than in OFDM: 2048 instead of 256 and the numbesubfchannels is sufficient for the
organization of the network: in different modesrthare from 32 to 70 sub-channels, with 24

or 48 information carriers in each. Not all of @48 carriers are used; there are guard bands
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on the sides and pilot sub-carriers in betweene8as a channel condition the coding,
modulation, and amplitude are set separately ih sab-channel to optimize the use of
network resourcé8

Figure5 OFDMA Sub-Carrier Structure
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Courtesy of Wimax Forum, 2006 (www.wimaxforum.org)

Scalable OFDMA (SOFDMA)the difference between this modulation methadi an
OFDMA is in adaptive change of the width of theicachannel from 1.25 to 20 MHz. This
makes it possible to support a large number of kameaous users, while improving the

efficiency of the spectrum use.

. “Mobile” or “Fixed” Wimax?

Today both fixed and mobile Wimax coexist becausedfand mobile Wimax
deployments have very unlike requirements and taggentially different markets. The
distinct demand of the two markets and varying requents of different applications are the
reason for defining two varieties of Wimax.

In a fixed deployment, both the 802.16d and 802(drésent similar performance.

For both versions the maximum throughput in a gsglectrum is about 15 Mbps for 5 MHz
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channel, or 35 Mbps for a 10 MHz charffieAlthough both are referred as Wimax there is a
need to put difference between them.

The multi-carrier modulation technique Scalableh®gonal Frequency Division
Multiplexing Access (SOFDMA) with sub-channelingdadca support for mobile applications
and enables handoffs in introduced 802.16e stan&ated Wimax (802.16d) uses less
complex modulation technigues OFDM and OFDMA. Copsatly, due to less complexity,
the fixed Wimax base station equipment costs less that of mobile Wimdx. On the other
hand, main trends in the telecommunications ingastie diverted to broadband mobile
market and experts in the field say that the depkyt of mobile Wimax is more cost
effective by volume and economies of scale. Somesegeral migration scenarios from
fixed to mobile Wimax exist. However, most of thaions introduce additional difficulties.
In particular, operators would add overlay netwkmnkthe locations where they want to
provide mobile and portable access. Since the speaillocation for mobile and fixed
Wimax is different from country to country, openatonight need to acquire additional
licenses for the required spectrum. Furthermoreraiprs would deploy dual-mode
Customer Premises Equipment (CPE) operable indiatidards and perform an upgrade of
base station softwal® Additionally, there is a problem of backward cartibility between
the standards. For instance, the CPE designatdtkéor \WWimax cannot operate on mobile
Wimax network.

Fixed Wimax (802.16d) standard was first commelgiabailable and operators who
deployed their networks basing on the fixed Wimaghnhhave taken share ahead of
competitors and migration scenarios could be thest choice to compete in provision of

services in broadband mobile market. End-user dawianufacturers and hardware vendors,
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Motorola and Alcatel-Lucent (also the members oAk Forum), suggest the promotion of
the 802.16e standard since it has several improvenoger 802.16d in addition to mobility,
such as backward compatibility and higher perforcean capacity, coverage and quality of
servicé’.

For a provider who has not yet started the depéntrof Wimax, probably the best
choice is the 802.16e. Mobile Wimax supports boted and mobile applications. In
addition to handoffs (both soft and hard) requii@dnmobile implementation, it supports
power saving modes for extension of battery lifenobile devices. It allows better indoor
coverage realized by sub-channelization and thepthda Antenna Systems (AAS).
Nevertheless, fixed Wimax can find application byaeless Internet Service provider
intended to provide a wireless access in a ruessadue to less complexity of OFDM based,

802.16d products.
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Table 9 Comparison of 802.16d and 802.16e

802.16-2004 (d)
Multiple Access Method

1.75/313 5/5.5/7 (OFDM)" 1.252.5/51 0020
125350714728 (OFDMA) 1. 75335557

Bandwidth supported (MHz)

FFT Size 256(OFDM) / 2048 (OFDMA) ' 128/256/5121M024/2048
225 (OFDM @ 5 MHz)*

Sub-carmier spacing (kHz) 11.2 for all BW modes
2.8 (OFDMA @ SMHz)

Duplexing FDOVTDD/Malf Duplex FDD? FDDITDD/Half Duplex FDD
Frame Duration {ms) 202 51475181012 5720 202 5/4/5/8/10M12 5720

Concatenated Convolulional RS | Concatenated Convolutional RS

Channel coder code, Block TC, CTC® code, Block TC, CTC, LDPC

Sub-channelization (DL) FUSCPUSCIBand AMC

Sub-channelization (L) PUSCiOptional PUSC

Frequency reuse 1 cell reuse not supported 1 cell reuse can be supported
Mobility | Handoff Support Mo ¥
Sleep Modes Mo
Sounding Channel Mo
Mo

Multicast / Broadcast
Support

Courtesy of Motorola, Inc. (Wimax E vs D)

3.  Mobile Wimax Deployment Alternatives

The following section discusses general basicsiriaguconsideration before mobile
Wimax network deployment. Based on the coverageireapents, the approach for
calculation network capacity is discussed. Thegyarénce of the mobile access network
depends on a core network element as Base St&aome of the features of the Base Stations

are covered, including antenna configuration, fesguy reuse, and channel bandwidth.
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I. Metropolitan Area Considerations

There are about twenty five middle sized metropaléreas in Kazakhstan, where the
population ranges from 300,000 to 2 million. Preaity, metropolitan areas are composed of
compactly populated city center encircled by treaamwith the less density of population.
For the purposes of this project, | consider a apatlitan area with the population of
500,000 spread on an area of 30¢ ksince this represents the most common middlelsize
metropolitan area come across in the Kazakhstdrypathetical metropolitan area looks
similar to that being presented in table 10.

Table 10 Hypothetical Metropolitan Area

Region Area Year 1 Population| Population Density
Dense Urban 20 kin 225,000 11,250/kMm
Urban 40 km 140,000 3,500/km
Suburban 90 km 110,000 1,222/km
Rural & Open Space 150 knf 25,000 166/km
Metro Area 300 knt 500,000 1,666/km

For a Wireless operator, the key goal is to provideersal coverage in the entire
metropolitan area. This assumes consideratiorfsedbtilding density, terrain, building
heights, and anything that may affect propagaticth@wireless signal. Additionally, for
mobile users, it is necessary to assure robustrageeegardless their location both indoor
and outdoor, or even in the movement.

Wimax operators are intended to provide wide rasfgaoadband services supported
with good Quality of Service. Thus, to guarantessthservices, it is very important to
determine capacity requirements at the planningestdé network deployment. The
deployment of the network should account futurengihoof the customer base and the quality
the user experiences at the busiest periods. $ihesnarkable in dense areas since network

deployment in these regions is driven by the capaeguirements and not the range.
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For determination of user capacity requiremenes,els an approach proposed by the
Wimax Forum. The metric used for determining theazity requirements is Mbps per km
The calculation of the capacity requirements isudtirstep process, which is described in the
following section.

The census data, such as population and populgittorth, can be obtained for
metropolitan areas from authoritative bodies. Tidra@ssable market for mobile users is
assumed to be anyone in a certain age group. Tietéd age group can be different from
operator to operator based on the services provi@dease of calculation during the course
of this project, it is considered to be everyonsveen 15 and 75 years old.

The mature market implies the penetration of 102846 for the total metropolitan
area by the tenth year of operation. Usually, dpesgorovide several service plans
according to the needs of some user groups ideatdy the operator. For calculations of the
capacity requirements users will be grouped ingoftlowing categories.

» Professional User:The individual who usually uses Broadband Accessi&es for
business purposes and for personal use. Key appfidgpes are video conferencing, e-
mail, VoIP, and file downloads. Most of the timegustationary access is required, but
nomadic and portable access are also required.

* High-End User: The individual with high traffic demands primarfiyr personal rather
than business needs. The prevailing applicatiomgiaming, Web browsing, music
downloads, etc.

» Casual User:Individuals who need active access to the broadisarvices only a few

hours a day basically for web browsing and datanbdeid services.
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Table 11 Calculating the Required Capacity

Step Description Comments and Assumptions fo
Analysis

1 Population Density 500 thousand people over 360 k

2 Addressable market Ages 15 to 75, typically 7@30
percent of population

3 Mature market penetration 10-12 % in year 10r@yes to
10.4% over the metro area)

4 Mature customer mix * 50% Professional User

* 35 % High-end user
* 15 % Casual user

5 Peak busy hour (PBH) activity Varies with custoiype

6 Effect of mobility and roaming Must estimate amser
distribution during high traffic
periods (Peak Busy Hour)

7 Desired performance during Determined by applications,

PBH services level agreement (SLA),

QoS.

8 Required data density A simple calculation

Source: Wimax Forum, 2007 (www.wimaxforum.org)

Another important factor while calculating requireabacity is the impact of mobility
and roaming in the metropolitan area. This is tlestsignificant where the businesses are
located since the traffic in this locations is thest dense. The inflow of the users from
suburban and rural areas to these areas coulddeetex in the morning hours and create
additional traffic on a network during the workihgurs. This inflow might vary from city to
city but for our hypothetical example we will coder the increase by 15%, a number typical

for many metropolitan are&s
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The most difficult to determine while calculatingpacity requirements is the peak
busy hour activity level. The activity of users igrthe peak busy hour depends on customer
mix, application type, etc. However, based on tineracteristics of the applications most
probably the downlink traffic will dominate the ugk traffic. Thus, in consideration of
capacity planning, the downlink traffic is accouhtédditionally, the period of time
dedicated to downlink activity versus uplink adijvis necessary for estimating the amount
of active subscribers on the network. Furthermsoene users are in idle mode, for instance,
when reviewing what has just been downloaded, withers idle very little time when using
traditional voice services. The Wimax Forum progideme estimated data on the activity of
subscribers during PBH, which is provided in Talite

The minimal performance level can be defined inSbkevice level Agreement
between end-user and operator. Also, minimal perémce during PBH depends on the
quality level operators wish to provide to theistamers.

Table 12 Estimated Peak Busy Hour Data Rate Requirements

Customer type Mature Peak busy DL duty | Minimal per End-
Customer Mix | hour activity: cycle user DL rate
1 of “N” active during PBH

Professional 50 % N=5 25 % 75 kB/sec
(600 kbps)

High-end user 35 % N=7 25 % 60 kB/sec
(480 kbps)

Casual user 15% N =20 25 % 30 kB/sec
(240 kbps)
Overall customer average over N=7.9 25 % 63 kB/sec
Metro Area (504 kbps)

Source: Wimax Forum, 2007 (www.wimaxforum.org)
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The final downlink capacity requirements for thetteyear of operation results from
the combination of PBH assumptions provided in &4l8, customer mobility during PBH
and estimated 2% increase per year in activityl$evidhe total coverage of suburban and
rural areas undoubtedly meets the capacity reqeinérfor the region, whereas network
deployment of urban areas is performed in phaskkng capacity over time to comply with
growing traffic.

Table 13 Metro Area Capacity Requirements

Metro Region Number Of Adjustments to Downlink Data
Customers Account for Density
Mobility During Requirements in
PBH 10" Year
Dense urban 19,300 + 15% 23 Mbpsfkm
over 20 kn area
Urban 12,000 +15% 7.5 Mbps/km
Over 40 kni area
Suburban 9,400 0 1.8 Mbps/km
over 90 km area
Rural & Open Space 2,100 0 0.26 Mbps/km
over 150 krf area

The required data density calculated in this sad8aeasonable for this hypothetical
metro area, but is not applied without additiorasons to other metropolitan areas. For
instance, in cities such as Tokyo or New York, gbpulation density is much higher than in

this example and capacity requirements differ icgmtly too.

50



il. Antenna Configuration

Today, a lot of vendors produce Wimax equipment@etators have a lot of
options to choose from. All the equipment meetsctirapatibility and interoperability
requirements and it is offered in many differemfagurations. Wimax equipment is
provided with wide variety of features and thera iwide range of spectrum where
equipment can operate. The availability of spectisithe determining factor when
considering whether it is necessary to implemesguency reuse or choose appropriate
channel bandwidth.

According to the Agency of Kazakhstan for Inforrmation and Communication, the
frequency allocation for Wimax in Kazakhstan iga@bws:

* For fixed Wimax 3.5 GHz and 5 GHz band
* For mobile Wimax 2.5 GHz and 3.5 GHz band

Mobile Wimax technology supports several antenmdigarations; namely, Single
Input Multiple Output (SIMO), Multiple Input Multile Output (MIMO), and Smart Antenna
technologies to increase system performance. Smghna technologies support advanced
features such as adaptive Beamforming, Space Tide CSTC) and Spatial Multiplexing
(SM), which are concerned with complex matrix aedter operations on signals from
multiple antennds.

» Spatial Multiplexing: allows increment in throughput through transmittmgltiple
streams over multiple antennas.

» Space Time Codereduces fade margin and allows spatial diversity.

» Beamforming: reduces outage probability and improves capacitycawverage of the

system.
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While these options can be optional for a Basd®tathe Mobile Station should
support all of these features of Base Stationsigeavfrom different vendors to ensure

interoperability.

Figure6 SIMO/MIMO Base Station and Mobile Station Options
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Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)

iii.  Frequency Reuse

Freguency reuse techniques are used to lessecelhidar and intersectoral co-
channel interference (CCI). Traditional cellulastgms use different frequency reuse factors
depending on the range of available spectrum. Usiftgquency reuse factor of 5 requires
five times as much spectrum as would be used wiike factor of 1. Traditionally, cellular

networks use two common frequency reuse factoBsasfd 1 Comparative analys)s
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In the implementation of frequency reuse factot ¢¢, 1, 3 (also universal
frequency reuse), the same channel is used iheaBéctors of the same base station. The
advantage of this approach is that it required l@a®unt of frequency range, and for some
operators could be the only implementation altéveadue to limited spectrum availability.
In traditional cellular networks such as GSM, tlsage of the same frequency causes
interference at the boundaries of the cell and eetwsectors. The Wimax technology
supports pseudorandom subcarrier permutation schatmehannel segmentation, which
allows mitigating the CCI at the cell and sectoges!. Since some subcarriers are not
utilized fully, implementation with frequency reutsetor of 1 has smaller downlink channel
capacity.

Figure 7 Three Sector Base Station with Frequency Reuse Factor Of 1

Reuse =1 B Areas subject to interference

Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)

' “Nomenclature for describing the frequency reustgon is (c, n, s); where ¢ is the number of tséation
sites in a cluster, n is the number of unique fezgpy channels required, and s is the number obiseper base
station site” Wimax Forun
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With frequency reuse factor of 3 (c, 3, 3), eadtaeof a base station is set a
different frequency. This alternative requires éhtienes as much spectrum as it is
used in implementation of frequency reuse factdr.dVith frequency reuse 3, there
is no CCI interference between sectors and sigmiflg less CClI interference
between cells due to the enlarged space betweamelsavith the same frequency.
There is improved use of subcarriers and bettestgpa efficiency. However, when
taking into account additional required spectrumerall spectrum efficiency in a
reuse-3 scenario is lowér

Figure 8 Three Sector Base Station with Frequency Reuse Factor of 3

Reuse =3 B Areas subject to interference

Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)

iv.  Frequency Bands

Mobile Wimax profile supports frequency rangesrird300 MHz to 2690 MHz, and

3300 MHz to 3800 MHZ. Both of the frequency bands are available forlémentation of
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mobile Wimax technology in Kazakhstan. For an ojerailling to provide mobile Wimax,
it is necessary to view some frequency relatediderations.

The decision to choose between either of the &pqgies is generally based on the
range parameter. It is significant to understarmddifference in the “link budget
characteristics” between these two frequencias.vitorth mentioning that generally, the
range parameter is limited by the uplink signadifirMS to BS). Compared to Base Station,
the Mobile Station has limited battery life, whiasults in a weaker signal power. The
antenna size is also small. Portable devices, asi¢aptops, generally have access to AC
power; hence, they have higher transmit power. Ttigscoverage area of a base station is
mostly limited to the uplink budget.

The location of portable users also affects takility to communicate the network.
To provide mobile applications, the network prow@esignal strong enough to address users
located deeply in buildings or in a movement. Madiwalls penetration loss is also taken
into account. Figures 9 and 10 provide some engpidata on range of 2500 MHZ versus
3500 MHz, and range relative to subscriber locati@perators who intend to address fixed
applications do with less number of base statiatiser than operators with intentions to

address mobile applications.
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Figure 9 Relative Range, 2500 MHz and 3500 MHZ'
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Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)

Figure 10 Range Relative to Subscriber Location
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Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)

"“The COST 231 model predicts a path loss at b660MHz and 3500 MHz than either the ITU M.2225
Vehicular model or the Standard Pedestrian motipteldicts a a lower path than the M.2225 Pedestria
Model”.
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V. Channel Bandwidth

The Wimax Forum profile supports the channel badthw of 5, 7, 8.75, and 10
MHz. The 802.16e standard supports even more chbandwidths in between 1.25 and 20
MHz. The key issue in channel consideration isaeehlarger channel sizes since it provides
better system performance. This allows effectiegfiencies reuse and minimal guard bands
resulting in more effective spectrum use. The laojpannel sizes allow the more sub-

channels and higher throughput.

vi.  Comparative Analysis of Different Scenarios

Wimax Forum provides a comparative analysis ded#int Base Station structure and
features implementation in the mobile Wimax accests/ork. The results of this analysis are
provided in Appendix A. Base Station number is ta&e a unit of measurement. The
analysis considers different Base Station deploymeith adaptive antenna techniques such
as Space Time Coding, Beamforming and Spatial pledting. Further, the comparison in

implementing 2500 MHz and 3500 MHz frequency basgsovided.
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Conclusion

Third generation (3G) networks allow great oppoittaa for network operators to
provision a wider range of services with improvegacity and more efficient usage of
spectrum. Today many operators worldwide providetiband wireless data services in a
mobile environment. Germany and Japan started3@shetworks in 2001 and up to
December 2007 there were 190 3G networks worldRidlisers demand for broadband
services grows in geometrical progression and nodtlye 2G operators had implemented
migration to 3G. Implementation of a wireless nataoased on Wimax allows the operator
cost effective path towards efficient business rhode

Current mobile telecommunications operators in Khgtan are categorized as 2G
and 2.5G operators and mainly provide voice sesviBeme mobile operators have
undertaken steps for migration to 3G, while otlaatay transformation claiming the market
is not ready yet for the 3G services. However ahalysis provided by the National Statistics
Agency shows that from 2006 to 2008, the custoreerahd for Digital Subscriber Line
(DSL) ports surpasses the actual available ports50¢6, 57% and 33% respectively,
resulting in 1.2 million households connected td_b$ 2009*. Wimax operators
experience tough competition from the DSL servimewider, the national incumbent
operatorKazakhtelecomThere is a continuously growing demand for br@abaccess
services for fixed applications. Currently, in thajority of cases, the national operator
meets these needs.

Today, Internet users of Kazakhstan can acquiradirand access services from
different providers. Generally, Competitive LocaidBange Carriers (CLEC) provide

broadband access services for businesses andresgsras their tariffs are too high for
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individual users. For instance, the tariffs forl26lbit/s DSL services of Competitive
operators (Ducat, GoldenTelecom) varies from $981@82 The most affordable and the
most popular broadband access is a DSL servicedaw\by a national operator. A user can
connect to DSL service of 512Mbit/s at a price 49 $however the service is not provided
everywhere because of technical reasons such aslasiomile” or archaic switching
equipment.

The development of a Wimax is going to take placa few stages. First, the Wimax
operators in Kazakhstan plan to cover urban anedsrainly for fixed data exchange
applications. At this stage, to collect robust oustr base for profitability, operators must
develop the tariff model that is competitive witisDoperators. As soon as demand for
mobile broadband wireless services grows, operatorsase the network capacity to allow
more users. Since operators implementiodile Wimax, the expenses for expansion are
not going to be as high as they could biex#éd Wimax was deployed. Growth of subscriber
base defines the network capacity and base statiantity. Geographical characteristics,
low population density, and the absence of usedsiaebroadband results in the delay of
Wimax rollout to rural areas to at least 6-8 years.

Household computer penetration also affects theneggirements in data access
services. With predicted 5-7 years of computer mieskturatiort, the Internet data access
services experience their peak not earlier thamptojected period. Currently, users have no
or very little demand in mobile wireless broadbaedvices due to poor local content
development for mobile and portable devices. Tharsnobile broadband to be widely used,
there are issues to overcome such as content ¢gewefd and user devices availability,

which by rough estimates are not to occur eariant4-5 years.
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The issue of spectrum availability, which is ofreunt importance in many other
countries, seems to be insignificant for Kazakhstane both spectrum bands approved by
Wimax Forum (2.5 GHz and 3.5 GHz) are granted Besrformobile Wimax use. The
official data regarding which operators granteériges on which spectrum bands are not
available. It is clear acquisition of larger spaatrbands by any of the operators are to bring
competitive advantage and are essential for netegplansion since it allows more capacity
and scalability.

The outcomes provided by the Wimax Forum on corsparof different
implementation scenarios shows that advanced aatechniques can considerably improve
the performance of the capacity limited networkehwigh density and without unreasonable
increase of the base station count. Also in theicgryears, it is adequate to implement
lower complexity base stations configuration witituke migration to advanced antenna base

station systems as number of customer grows.
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Appendix A

Table A.1 Deployment Options for Frequency Band Comparison

Casel Case 2 Case 3

Frequency Band 2500 MHz 3500 MHz

BS Antenna Gain 15 dBi 17 dBi

Awvailable Spectrum 30 MH=z

Channel Bandwidth 10 MHz

Dense Urban (2x2) MIMO (2x2) MIMO Beamforming

Urban (1x2) SIMO (1x2) SIMO Beamforming

Suburban (1x2) SIMO (1x2) SIMO Beamforming

Rural/Open Space (1x2) SIMO (1x2) SIMO Beamforming
| Total BS Required 316 438 311

Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)

Figure A.1 2500 MHz to 3500 MHz Comparison
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Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)

61



Table A.2 Scenarios with Varied BS Antenna Configurations

Case 1 Case 2 Case 3 Case 4
Frequency Band 2500 MHz
Available Spectrum 30 MHz
Channel Bandwidth 10 MHz
Dense Urban (1x2) SIMO (2x2) MIMO | Beamforming | BF + MIMO
Urban (1x2) SIMO (1x2) SIMO | Beamforming | Beamforming
Suburban (1x2) SIMO (1x2) SIMO | Beamforming | Beamforming
Rural/Open Space (1x2) SIMO (1x2) SIMO | Beamforming | Beamforming
Total BS Required 350 316 229 224

Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)

Figure A.2 Base Station Count for Alternative BS Configurations
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Table A.3 Channel Bandwidth Comparisons

Case 1 Case 2 | Case 3 Case 4
Band 2500 MHz
Base Station (1x2) SIMO
Avail. Spectrum 21 MHz 28 MHz 30 MHz
Channel BW 7 MHz 10 MHz 7 MHz 10 MHz

BS Chan BS Chan BS Chan BS Chan

Dense Urban 140 9 147 ] 105 12 98 9
Urban 81 9 85 6 80 12 80 Y
Suburban 122 6 122 6 122 6 122 6
E‘I‘J‘Ziol’e“ 50 3 50 3 50 3 50 3
T 303 ;32 | 404 Ai_z 357 j‘; 350 f;i

Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)

Table A.4 Scenarios for Analysis of Spectrum Availability

Total Coverage Area 100 km?
Req. DL Data Density 20 mbps/ km’
Available Spectrum | 10 MHz 20 MHz 30 MHz 30 MHz 40 MHz
Channel BW 10 MHz
(2x2) (2x2) (2x2) | MIMO+ | MIMO+
BS Antenna | ymvo | MmMO | MIMO BF BF
BS to BS Spacing | 0.78 km 1.10 km 1.34 ki 1.46 km 1.70 km
Areaper BS | 0.53km’ | 1.05km’ | 1.56km” | 1.85km’ | 2.50 km’

Courtesy of Wimax Forum, 2007 (www.wimaxforum.org)
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Figure A.3 Base Station Requirements for Varied Spectrum Allocations
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