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Abstract

WiMax stands for the Worldwide Interoperability figlicrowave Access and is also
known as the IEEE 802.16 wireless metropolitan astevork. Along with the
development of mobile communication and broadbanbriology, WiMax has become a
hot spot for global telecom operators and manufacsuln 1998, a working group

named 802.16 was formed by the Institute of Eleatrand Electronics Engineers (IEEE),
and their responsibility is to develop the speatficns of broadband wireless access
technology.

WiMax promises to deliver the Internet throughdé globe, and connect the "last mile"

of broadband wireless connectivity services.

This thesis is a technical and application analgéiWimax, and it is understandable and
useful to readers who do not want to worry abontfions and technical particulars. This
thesis analyzes the different historical stagat@®fvireless communication, from 1G in
the past to the most popular 4G nowadays. Stafitimg the broadband wireless access
technology developing rapidly, it expounds the WiMeachnology and its applications,
focusing on the WiMax network system, key techn@sdMIMO, OFDM, OFDMA)

and application solutions. Finally, by comparingWslix with the popular WiFi, 3G and
LTE (TD-LTE) in the market, it analyzes the currsittiation and future development

trend of WiMax in terms of the differences in teolagy and application.
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Chapter 1 History of
Telecommunication

The mobile communication comes into being, as itewsince the invention of radio
communication. In 1897, M - G - Marconi completesl \wireless communication test
between a fixed station and a towage, in a distah@8 miles.

The development of modern mobile communicationrietdgy started from the twenties

in the last century, and undergone four generations

1.11G

1G was a stage of flourishing development for r@bdmmunication. In the end of 1978,
American Bell Laboratory successfully developeddawanced Mobile Telephone
System (AMPS). The system capacity was largely awgd by the establishment of
cellular mobile communication network. In 1983y#s put into service at Chicago for
the first time, and applied to Washington in Decentddf the same year. Later, the
service area expanded gradually in the USA. Tilkdheof 1985, it expanded to 47
regions covering 100,000 users. Other industridlzeuntries also developed the cellular
public mobile communication network successiveypah presented a 800MHz
telephone system for cars (HAMTS) in 1979, whicls\wat into service at Tokyo and
Kobe. West Germany completed C Network in 1984hwhe frequency range of
450MHz. Britain developed a Total Access CommuimecaSystem (TACS) in 1985,
which was put into service at London firstly andrtapplied to the whole country, with
the frequency range of 900MHz. France developed8@eSystem; Canada presented
450MHz Mobile Telephone System (MTS); the four Nor@ountries including Sweden

developed NMT-450 mobile communication system in 1980 and puitd service in

the frequency range of 450MHz.

This stage is characterized by cellular mobile ©amication network as practical

system, which developed rapidly all over the worlthe reason for the flourishing



development of mobile communication, in additiorthe increasing demand of users as
impetus, also came from the conditions offeredheydevelopment of other technologies.
Firstly, the microelectronic technology developaéntendously during this period,
making the small-size and mini-size of communigatEquipment possible. Various
knapsack stations also came out. Secondly, a nstgrayof mobile communication was
proposed and established. Along with the increasjogntity of users, the capacity
provided by large field system became saturatedkguiwhich necessarily requires the
exploration of new system. In this respect, the tmiogportant breakthrough was the
concept of cellular network proposed by Bell Lalborain 1970s. The cellular network,
i.e., a small field system, largely improved thatsyn capacity by realising the reuse of
frequencies. The concept of cellular system, awedte, actually settled the conflict
between large capacity demand of public mobile camipation system and the limited
resource of frequency. The third was the graduaddture micro-processor and rapid
development of computer technology after the deuekent of large-scale integrated
circuit. They offered technical means for managemand control of large-size

communication network.

This stage is called 1G, which mainly adopts sithateand frequency division multiplex
access (FDMA) technology. As the limited transnaesiband width, long-distance

roaming is impossible, and it is only a local melbmmunication system.

The first generation of simulated cellular netwofkmobile communication, represented
by AMPS and TACS, achieves a great success, Ihatsisome problems such as limited
capacity, too many and incompatible systems, palbr quality, no data, no automatic
roaming, lower utilization rate of frequency spaott complex mobile equipment,
expensive fees and easy wire tapping, etc. Thetegearoblem is that the capacity

cannot meet the increasing demand of mobile teleplugers.



1.2 2G

It mainly adopts digital Time Division Multiple Aess (TDMA) and Code Division
Multiple Access (CDMA), corresponding to the glok&$M and CDMA systems

respectively.

A competition for 2G occurred at the very beginnioigits appearance, that is, the
competition between two interest groups represebietd SA and Europe respectively.
When all goes to all, before CDMA technology of QUROMM became mature (1995),
2G adopted Time Division Multiple Access (TDMA) esre technology, and American
standard was adopted as 1S136. However, the madeetin the USA basically. European
TDMA standard is GSM nowadays, which is familiaiatb

GSM was put into service since 1991. Till the ehd @07, it operated in more than 100
countries, which was actual standard for Europe/Asid. The GSM digital network has

good confidentiality and interference immunity, hvitclear timbre and steady

communication. It has large capacity, high utiiizatrate of frequency resource, open
interface and powerful functions. However, it canlyqrovide a data transmission rate of
9.6kbit/s, equivalent to the speed of ADSL on filiee telephone five or six years ago.
The Internet at that time only provided plain text.

Aiming at the defect of GSM communication, a newnoaunication technology GPRS
came out in 2000. It is a transition on the batiG®M. The appearance of GPRS marks

a most significant progress in the developmenbhysbf GSM.

Later, the communication operators presented thé&sEDiechnology, which is a
transitional technology between 2G and 3G. Sodtise called the“2.5G” technology.

It effectively improves the high speed mobile datandard of GPRS channel coding

efficiency, allowing a data transmission speedap84Kbps.
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1.33G

The 3% generation of mobile communication technology nefe® the cellular mobile
communication supporting high speed data transonssG service transmits the sound
and data information simultaneously in a speed ofenthan several hundred kbps. A
present, there are four standards for 3G, CDMA20EDMA, TD-SCDMA, and
WiIiMAX.

The main difference between 3G and 2G is the imgmmmant of speed for transmitting

sound and data. 3G technology realizes wirelessiirgaall over the world, processes

multiple media forms like picture, music, videoestm and provides various information

service including website browsing, conference, d&tommerce considering the good

compatibility with the existing 2nd generation. TBdfer such service, the wireless

network must support different data transmissiceeslg, that is to say, it at least supports
2Mbps, 384 Mbps and 144 Mbps (which vary with thetwork environment)

transmission for indoor, outdoor and driving enmiment respectively.

1.44G

4G is 4" mobile communication and technology in short. dta technical product
integrating 3G and WLAN. It transmits high qualitiyleo and pictures, with the quality
of pictures equivalent to high-resolution TV. Th& 4ystem downloads in a speed up to
100Mbps, 2000 times faster than the ADSL, and wWsdad a speed up to 20Mbps. It can
meet the requirements of nearly all users on theless service. As the price is the most
immediate concerns of users, 4G is equivalentediked broadband network, with more
flexible pricing system. The user can customizeliregl services subject to this demand.
Additionally, 4G can be deployed in the areas wlaoh not covered by DSL and Cable
TV Modem, and then be expanded to the whole red@dviously, 4G has incomparable

advantages.
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Figure 1.1 Overview of Wireless Telecommunicati{8js

Chapter 2 Introduction to WiMax

2.1 What isWiMax?

With the further development of the communicati@work, WiMax has major realistic
significance and strategic value as a standarchdat “the last kilometet access,

especially when no globally uniform standard isabkshed for broadband wireless
access. There are two main types of such standaedlEEE 802.16d supporting air
interface of fixed broadband wireless access syséeh the IEEE 802.16€ in the works

supporting the air interface of both fixed and nielbroadband wireless access systems.

WiMax is a Broadband Wireless Access MetropolitareaA Network (BWA-MAN)

technology based on the IEEE 802.16 standard, wkigliso called the IEEE Wireless
MAN. It is a new air interface standard in connegctiwith the frequency ranges of
microwave and millimeter wave. Its main purposdadsprovide a broadband wireless
access approach which can be interoperated eféégtim the environment of multiple

manufacturers with "one-point to multi-point” iretimetropolitan area network.
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2.2 Background of WiM ax

The broadband wireless access technology develoggadly in 1990s. The wireless
technology, represented by Local Multipoint Disttion System (LMDS) and
Multichannel Multipoint Distribution Service (MMDS¥ound its position in the market
oriented to the users of soho, medium/small congsanirban commercial centers and so
on.[1] However, beyond the expectation of all, timdustry did not boom and expand
further. The main reason is the lack of globallyfenm standard for broadband wireless

access.

In 1999, IEEE organized the 802.16 workgroup to cepdee in the technical
specifications for broadband wireless access, @ntin establish a globally uniform
standard for broadband wireless access. At preHeBE 802.16 mainly comes down to
two standards: the 802.16-2004, i.e., the 802.1&adsrd for fixed broadband wireless
access, and the 802.16e standard supporting mmbielband wireless access. Issued on
October 1!, 2004, the IEEE 802.16d standard specifies thintgrface between the user
terminal and base station system in fixed access,naainly defines the physical layer
and MAC layer of air interface. The main feature80R2.16e standard is the support to
mobility. This standard specifies a system suppgrboth fixed and mobile broadband
wireless access, which works in a permitted frequeange less than 6 GHz suitable for
mobility and supports the user terminal movinghe speed of vehicle. Meanwhile, the

user capacity of fixed wireless access specifie@808.16d will not be affected.

The IEEE 802.16 workgroup established the spetificaand standard specifically to the
physical layer and MAC layer of the wireless MANo Gompose an operational network,
IEEE 802.16 technology requires the support of t#t@mponents. As a result, the
WiMax Forum emerges because of demand. The WiMadrravas established in April,
2001. At the beginning, the organization intendedoffer certification service for

conformity and interoperability of broadband wisdeaccess products based on the IEEE
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802.16 standard and the ETSI HiperMAN standard.grbeuct certificated by WiMax is
identified by the mark of “WiMax Certified”. Alongvith the development of 802.16e
technology and specification, the purpose of thgaoization expands gradually. It not
only intends to establish a whole set of certifmatsystem based on the 802.16 standard
and the ETSI HiperMAN standard, but also turnsh® tesearch on broadband wireless
access system, analysis of demands, exploratioappfication modes, expansion of
market, which greatly promote the development oldband wireless access market. It
is generally agreed that the IEEE 802.16 workgiisupe constitutor of the IEEE 802.16
WiMax air interface specification, while WiMax Faruis the propellant of technology
and industry chain. Nowadays, WiMax is nearly arothame of IEEE 802.16 WiMax

technology, with the air interface specificatiorvenong IEEE 802.16d/e standards.
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Figure 2.2 WiMax Forum’s Members [4]
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2.3 Introduction of | EEE 802.16 Standards

When a user wants a network service of broadbacesac he or she generally considers
(or be restricted) to use DSL, T1 or Cable-modemroianect with the network. However,
for the expensive infrastructure construction afstable network, an ISP is not likely
willing to install necessary equipment, such asicaptfiber and cables, in the areas
sparsely populated or out of the way. As mentioabdve, some broadband access
technologies like LMDS or MMDS have been proposadyen the past. However, there
was no uniform technical standard for LMDS and MMB@n, and the air interfaces
provided by different manufacturers were incompatilwhich limited the development
of the whole communication industry severely. Itswalso the major obstacle for the
development of broadband wireless access technolbgysolve this problem, IEEE
organized the IEEE 802.16 workgroup in 1999 to &hee in the development of
broadband wireless access technology. It issuetEBE 802.16-2001 standard formally
in December 2001.

2.3.1 |EEE 802.16-2001

At the beginning of development, considering thepatibility with the existing LMDS
system, the IEEE 802.16-2001 standard only regiilte frequency range of 10-66
GHz. IEEE 802.16-2001 is a wireless network speaiion applicable for Wireless
Metropolitan Area Network (WMAN). However, IEEE 80B-2001 is only suitable for
clear areas because the microwave signals in #gpdncy range of 10-66 GHz have
poor penetrativity, and the signals are easilyci#ié by rain attenuation. Therefore, the
LOS approach must be adopted for communicationdmtvihe base station (BS) and the

subscribe station (SS). It also has higher requeremon the antenna installation.

15



2.3.2 |EEE 802.16a

To make the IEEE 802.16 standard smoothly operagreas with extensive buildings
and structures (e.g., metropolitan areas), the IBEE16 workgroup presented the IEEE
802.16a version in April, 2003. The IEEE 802.16andard is the extension of IEEE
802.16-2001. It operates in the frequency rang@-dflGHz, including the frequency
bands requiring and without requiring the licen§he signal coverage reaches up to
50km (generally within radius of 10km). Comparedthwhigh frequency band, the
frequency band used by IEEE 802.16a can operatBeifNLOS (Non-Line-of-Sight)
environment, seldom affected by rain attenuatidrer&fore, the requirements on antenna
installation are reduced a lot. Additionally, thepport of Mesh topology is added to the
IEEE 802.16a, and MAC also offers guarantee to Qdfich supports voice and video
messages. All of these features make the IEEE B88Ztandard more competitive in the
market. From a different perspective, this kindMiMAX transmitted by fixed NLOS is

a super WiFI base station. As the coverage of WiMaXar beyond the WiFi, and the
transmission rate is also higher than the lattels more attractive for ISP, and can be

used to realize broader and faster Hot Spot wisaleswork access service.

2.3.3 | EEE 802.16-2004 (I EEE 802.16d)

The IEEE 802.16a standard is actually a mere addddevised version of IEEE 802.16-
2001 (IEEE 802.16c is the supplementation of IEBR.86 standard, omitted here). In
2004, the IEEE 802.16 workgroup integrated the IEHBR2.16-2001 and IEEE 802.16a
standards revised them again, and issued the IHEREL®-2004 (generally called the
IEEE 802.16d) standard. IEEE 802.16-2004 definaaildespecifically to the physical

layer and the MAC layer of the 2-66G frequency mn@ompared with the old IEEE
802.16 series, IEEE 802.16-2004 is a version redbtimature and practical.

16



2.3.4 | EEE 802.16-2005 (I EEE 802.16¢)

In its constitution, the IEEE 802.16 standard fyr&mphasized the application of fixed
network. However, resulting from the progress ofeldss communication technology
and demand of user market, only the mobility feegutan guarantee a broader market
prospect of wireless broadband access service. uppost such mobile wireless
broadband access service, the IEEE 802.16 workgpyepented the IEEE 802.16e
standard version based on the IEEE 802.16-2004latdnaiming to propose a wireless
broadband solution providing high-speed informati@msmission and supporting high-
speed moving. Just because |IEEE 802.16e suppoes hith-speed information
transmission in moving, it is considered the soleel@ss broadband technology of the
next generation competitive to 3G. In addition tgorting mobile communication,
IEEE 802.16€ also defines some functions in clasmection with the mobility features,
including supporting Handoff, the sleep mode sawengrgy, call search, and improved

safety. Table 2.3 is the comparison between 80&didards.

802.16 802.16a 802.16e
Spectum 10-66 GHz 2-11 GHz 2-6 GHz
Channel bandwidth 20, 25, and 28 MHz 1.5 to 20 MHz 1.5 to 20 MHz with UL
sub channels
Modulation QPSK, 16QAM, 64 QAM OFDM 256 sub carriers OFDM 256 sub carriers
QPSK, 16QAM. 64 QAM QPSK. 16QAM. 64 QAM
Bit rate 32-134 Mbps (28 MHz) 75 Mbps (20 MHz) 15 Mbps (5 MHz)
Channel conditions LOS Non-LOS Non-LOS
Typical cell radius ~ 2-5 Km 7-10 Km, max 50 Km 2-5 Km
Application Fixed Fixed and portable Mobulity

Table 2.3.4 802.16 standards [5]
24 PHY and MAC Layer of WiMax

2.4.1 Characteristics of Physical Layer

The working frequency of WIMAX ranges from 2 to 686 (2-11GHz for IEEE802.16
standard; 10-66GHz for IEEE802.16a standard), &edchannel band width can be

17



adjusted flexibly within the range of 1.5-20MHz, iain is favorable for fully utilizing the
frequency spectrum resource in the distributed cbkimandwidth.

WIMAX adopts macro cells with the maximum coverage to 50km. In the 20MHz
channel band width, it supports a sharing datestrassion rate as high as 70Mbit/s (the
maximum coverage is 3-5km in such case). Multiegreteéchnology can be used to
expand the system capacity, with each sector stipganore than 60 company users or
hundreds of family users of E1/T1 simultaneously.

WIMAX adopts various advanced technologies to eealthe NLOS and ONLOS
transmission, such as OFDM, receiving-transmittaigersity, adaptive modulation,
which greatly improve the efficiency of wirelesarismission in cities. The physical layer
supports two kinds of wireless duplex multiple a&sei.e., TDD/DMTA and
FDD/TDMA, to adapt to the requirements of telecommation system in different
countries or regions. It supports single carrieC)SOFDM (256 points), and OFDMA
(2048 points), which can be selected flexibly asdeel. The physical layer may change
subject to the performance of transmission chanfiéle modulation mode and
parameters of physical layer (such as, modulatiarampeters, FEC parameter, power
level, polarization method, etc.) can be adjustgehadchically to guarantee good

transmission quality.

2.4.2 Characteristicsof MAC Layer

The MAC layer is divided into three sub-layers:\ésx Specific Convergence Sub-layer
(CS), Common Part Sub-layer (CPS), and Privacy|8yér (PS).

(1) The main function of CS is to convert and niag éxternal network data received by
SAP to the MAC SDU, and then transmit to the SAPMAC layer. The protocol

provides multiple CS specifications as interfacednous external protocols.

(2) CPS is the hardcore of MAC, with the main fumas of system access, band width

allocation, connection establishment and connectmaintenance. It receives the data

18



from different CS layers via MAC SAP, and clasgfithem into specific MAC
connections. Meanwhile, it implements QoS control the data transmitted and

dispatched on the physical layer.

(3) The main function of PS is to provide autheatimn, key exchange and

encryption/decryption processing.

Data/Control Plane Management Plane
: CLD
- = Management Entity
Service-Specific Convergence | _ _ ” o E
Sublayer (CS) " Service-Specific Convergence * "l @
— Sublayers E‘
—(MACSAR @
& MAC Common Part Sublayer | =
2 (MAC CPS) * Management Entity 9
MAC Common Part Sublayers [« %
. > Security Sublay ®
Secunty Sublayer - o e E
e o
; CErY sae> :
Management Ennity =
E Physical Laver (PHY) Ei " B - * %
o ’ ’ PHY

Figure 2.4 MAC Layer and PHY Layer of WiMax [1]

2.5 Structure of WiMax Network System

The WiMax network system mainly comprises of coeenork and access network. The
core network includes the network management systeater, AAA agency or server,
user database, and Intern gateway equipment. hlynprovides an IP connection to
WiMax users. The access network includes basestéS), subscriber station (SS) and
mobile subscriber station (MS). It mainly provideseless access to WiMax users. See

the following figure.
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IP-Based WIMAX Network Architecture

Internet
[am]

MS {, BS
. MIP-HA ok
-", Connectivity IF
Y PR Access AEN IF ; Metwaork
Ma v, Netwaork GW Network [ Servics Network
(CEM)
1 OSSBSS
MS T BS Access Sanvice PETM
Metwork {ASM) e
aGPRY
3GPP2
Figure 2.5 IP-Based WiMax Network Architect(it¢
2.5.1Core Network

The WiMax core network is mainly responsible foe thser authentication, roaming
service, network administration and providing ifaee to other networks. Its network
administration system is used to monitor and cordatbbase stations and subscriber
stations in the network, and provide the functiaifsinquiry, condition monitoring,

software download, and system parameters configarathe IP network connected to
the WiMax system is generally a traditional switchinetwork or the Internet or other
networks. The WiMax system provides the connedct@rface between the IP network

and base stations. However, the WiMax system doesaver these IP networks.

2.5.2 Access Networ k

The base station provides a connection betweenstlscriber station and the core
network. It generally uses a sector/beam antennandorella antenna, which provides
flexible arrangement and configuration of sub-cl@sinupgrades and expands the
network based on the conditions of users. The siliescstation is a kind of base station,
which provides the repeater connection betweerb#se station and the equipment of

user terminal. It generally uses a beam antenn@lies$ on the roof. The dynamic

20



adaptive modulation mode of the signal is used éetwbase station and subscriber
station. MS mainly refers to the mobile WiMax tenai and handheld devices

responsible for realizing the wireless access fobite WiMax users.

2.5.4 Base Station

The base station provides a connection betweenstlscriber station and the core
network. It generally uses a sector/beam antennandorella antenna, which provides
flexible arrangement and configuration of sub-clEsinupgrades and expands the

network based on the conditions of users.
2.5.5 User Terminal Equipment

The WIMAX system defines the connection interfacetween the user terminal
equipment and the base station, and provides ttesaof terminal equipment. However,

the user terminal equipment does not belong tAWWHEAX system.
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Chapter 3 Key Technologies of
WiM ax

3.1MIMO

The rapid development of wireless communicatios f&tth stricter requirements for the
system capacity and frequency spectrum efficieftyere have been various attempts to
meet these requirements, such as the expanding Wwadtd of system, optimizing
modulation mode, or adopting a complex CDMA systétawever, the application of
these methods is restrictive. Obviously, neither é&xpansion of band width nor the
increase of modulation order is limitless, and thannels of CDMA system are not
orthogonal to each other perfectly. The MIMO (Mpii Input Multiple Output) system
was born at the right moment. By using Space Timeil@ (STC) technology, it realizes
space division multiplexing using multi-element agfr which greatly improves the
frequency spectrum efficiency within the limitednldavidth. For this reason, MIMO
becomes one of the necessary key technologies iAW, LTE, 802.11n and nearly all
“popular” wireless communication systems in theifat

MIMO means using multiple transmitting and recegveantennae at the transmitting and
receiving terminals respectively. The signals asmgmitted and received by multiple
antennae at the transmitting and receiving terrajnahd accordingly the quality of
service is improved for each user. Compared wightthditional single-element system,
MIMO technology greatly improves the unitizatiorteaf frequency spectrum, which
enables the system to transmit data by higher speddr limited bandwidth. The block
diagram of MIMO system with N transmitting antenrexed M receiving antennae is

shown in Figure 3.1.
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Figure 3.1 MIMO system [6]

WiIMAX802.16e defines three options of MIMO. TheyealSpace-time Transmit
Diversity (STTD), Spatial Multiplexing (SM) and gatave switching. It also defines

three coding matrix: Matrix A, Matrix B and Matr@.

In the WiIMAX802.16e system, MIMO and OFDMA are camdéd to improve the
network coverage and redouble the WIMAX system ciépaAccordingly, the costs of
network construction and maintenance are reducezhtlgr which promotes the
development of mobile WiMAX.

3.2 OFDM

The Orthogonal Frequency Division Multiplexing (OMID is a multi-carrier digital

modulation technology. The research on the teclyyle traceable to the middle of
1960s. The concept of OFDM has remained for yddosvever, it was recognized as a
good approach for high-speed bi-directional wirgleata communication until the
development of media industry recently. The tecbgglis adopted by the European
Digital Television Standard (DVB-T) and Digital AiedBroadcasting (DAB) standard,
and it is the core technology of WLAN (ETSI HiperN#&2 and IEEE802.11a) and
broadband wireless access (IEEE 802.16). Along tiéhdevelopment of DSP CMOS
chips, some mature technologies adopted by Fouir@nsform/Inverse Transform and
high-speed Modem, such as 64/128/256QAM, Trelligli@g soft decision, channel
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adaptive, inserting guard time, reducing equilibricalculation, are gradually introduced
into the field of mobile communication. People devonore and more energy to the
application of OFDM in mobile communication. It Eedicted that the mainstream
technology for the 4th generation of mobile comrtiatawill be the OFDM.

OFDM is a high-speed transmission technology irel@ss environment. Most frequency
response curves of the wireless channel are rofTitee main idea of OFDM is to divide
the bonded channel into many orthogonal sub-charinghe frequency range, and use a
sub-carrier on each sub-channel for modulationyhich the sub-carriers are transmitted
in parallel. In this way, in spite of the non-flztannel with different frequency options,
every sub-channel is flat relatively, and narromdb&ransmission is completed on these
sub-channels, with the band width of signal lesstthe corresponding band width of
channel. Accordingly, the interference betweenaigvaves will be eliminated. Because
the carriers on these sub-channels in OFDM areogdial to each other, they have
overlapped frequency spectrum, which reduces tteefarence between sub-carriers and
improves the utilization rate of frequency spectrdine key technologies of OFDM are
guard space (cyclic prefix/postfix), simultaneowshniques, training sequence/pilot
frequency and channel estimation, control of PAPRak to Average Power Ratio),

channel coding and interleaving and equalizatichn&ue.

FDM/FDMA(Frequency-Division Multiplexing/ Frequendyivision Multiple Access) is
actually a traditional technique. It is the plain@pproach to realize the broadband
transmission to divide a broader frequency band ssveral narrower sub-bands (sub-
carriers) and transmit them in parallel. Howewelarge space has to be reserved between
neighboring sub-carriers to avoid the interfereaseshown in Figure 1(a), which reduces
frequency spectrum efficiency. Therefore, the TDBIMA (Time-Division
Multiplexing/ Time-Division Multiple Access) and QWCDMA of greater frequency
spectrum efficiency turn to be the core transmissi@chnology for wireless
communication. In recent years, FDM has revolutipnehanged the development of
digital modulation technique FFT (Fast Frontierigfarm). FFT allows the arrangement
of overlapped sub-carriers in FDM, and maintairesdithogonality of sub-carriers at the

same time to avoid interference between sub-carrids shown in the figure, the
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arrangement of partly overlapped sub-carriers tyreéatproves the frequency spectrum

efficiency because more sub-carriers are contaméte same bandwidth.

OF DM FDAM
fT\ B
R ) R
T o ReR L
W=AER/3 W=2R
i, =
- -
2R/3 B3 RIS IR -R-R5 R3 R

Figure 3.2 OFDM vs. FDM [6]

3.2.1 Advantages of OFDM

OFDM tends to replace CDMA to be the new generatiore technology of wireless

communication, mainly because of its advantages:
(1) Higher frequency spectrum efficiency

As sub-carriers partly overlap with FFT processititgey approach the Nyquist limit
theoretically. The OFDM-based OFDMA (Orthogonal dtrency Division Multiple
Access) realizes the orthogonality of various ugeis residential area, which effectively
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avoids the interference between users. As a rékalQDFDM system realizes a very large

capacity.
(2) Good expandability of band width

As the singnal bandwidth in the OFDM system depesrdshe quantity of sub-carriers
used, the OFDM system has good expandability ofl veidth. It easily realizes the band
widths as small as hundreds of KHz and as lardeiadreds of MHz. In particular, along
with the broadband service of mobile communicat{iorcreased from<s 5MHz to

maximum 20MHz above), the efficient support of tBEDM system to broader band

width turns to be its“decisive advantade to single-carrier techniques such as CDMA.

(3) Anti-multipath-fading

As OFDM transforms the broadband transmission matwowband transmission on many
sub-carriers, the channel on each sub-carrier eanobsidered as a horizontal fading
channel, which greatly reduces the complexity ef ceiver equalizer. On the contrary,
the complexity of the multi-path equalization oéthingle-carrier signal sharply increases
with the increase of bandwidth, for which broadandbwidth is hard to support (such as
20MHz above).

(4) Flexibly allocation of frequency spectrum resisu

By selecting suitable sub-carriers for transmissibie OFDM system realizes dynamic
allocation of frequency range resource, and fulijizes the frequency diversity and

multiuser diversity to achieve optimum system penfance.
(5) Simple realization of MIMO

As the channel of each OFDM sub-carrier can beidersd as a horizontal fading
channel, the additional complexity introduced by KHIMO system is controlled in lower
level which presents a linear increase with thentityaof antenna. On the contrary, the

complexity of the single-carrier MIMO system is diirect proportion to the power of
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product by multiplying the quantity of antennae ah@ quantity of multi-paths. It
adversely affects the application of the MIMO teicjue.

3.3 OFDMA

The OFDMA multiple-access system divides the trassion bandwidth into a series of
orthogonal sub-carrier sets without overlap, anldcates these sub-carrier sets to
different users to realize the multiple-access. TMEDMA system allocates the
bandwidth resources available to users in demandchwrealizes the optimized
utilization of system resources easily. As différeisers occupy non-overlapped sub-
carrier sets, there is no interference betweensusecase of ideal synchronization, i.e.,
no Multiple Access Interference (MAI). The figureragght gives the sketch map of The
OFDMA system, where the gray, white and dark gieeifrequency trellis represent
different sub-carrier sets which do not overlaptos frequency band and are allocated to
different users. OFDMA solution is considered asidiing total resources (time and

bandwidth) on the frequency to realize the multizess.

3.3.1 Sub-Channel OFDM A

The sub-channel OFDMA divides the bandwidth of¢h&re OFDM system into several
sub-channels, and each sub-channel has severabsigxs allocated to a user and each

user may occupy more than one sub-channel.

The sub-channel is composed of two types of OFDM-carriers: localized and
distributed, as shown in Figure 3.3.1. The localiage allocates several successive sub-
carriers to a sub-channel (user). In this type, d&tem can select an optimum sub-
channel (user) for transmission by scheduling ttaiobthe multiuser diversity gain
(Figure a). Additionally, the localized type redsdée difficulty of channel estimation.
However, the frequency diversity gain obtained big type is small, and the average
performance of users is relatively poor. The disiied type spreads the sub-carriers

allocated to a sub-channel to the entire bandwidtid the sub-carriers are arranged

27



alternately to obtain the frequency diversity gdigure b). But the channel estimation is
complex, scheduling is not applicable, and the-detiation capability is poor. The two

types should be selected subject to the actuatstuin design.

a. Localized b. Distributed
Figure 3.3.1 Sub-channels [6]

3.3.2 Frequency Hopping OFDMA

The OFDMA sub-channel allocates the sub-carrieth®Eub-channel (user) fixedly, that
is, a certain user occupies the allocated suberasats for quite a long time (the time
depends on the cycle of scheduling). Such OFDMAesysis enough to realize the
multiple- access in a residential area, but it sasie problems in the multiple-access
among many residential areas. If these resideatiehs are scheduled based on the
channel changes of individual, the sub-carrier uesgs occupied by individual
residential area necessarily conflict with eachenttwhich leads to the interference
between different residential areas accordinglyordder to avoid such interference, the
coordination (joint scheduling) is required betwesnmighboring residential areas.
However, the coordination may require support ghaling switching from the network

layer, which affects the network architecture dgeat

Alternatively, the frequency hopping OFDMA is awdile. In such system, the sub-
carrier resources allocated to a user change yadileach timeslot, the user extracts
some sub-carriers from all to occupy, and variosersl extract different sub-carrier sets
in the same timeslot. Different from the schedulbaged sub-channel service, the
selection of sub-carriers is random independenthefchannel conditions. In the next
timeslot, regardless of any channel change, thesus®p to another sub-carrier set for

transmission, but the sub-carriers they use selclmmflict with each other. Much shorter
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than the cycle of scheduling in sub-channel OFDNt#g cycle of frequency hopping

may be the symbol length of OFDM to the minimumu3hthe users are orthogonal to
each other inside a residential area, and theyutiéime the frequency diversity gain.

Coordination is unnecessary between residentiasaralthough the sub-carriers may
conflict, the rapid frequency hopping scatters thierference in time and frequency
ranges. That is to say, the interference is transfd to noise, which greatly reduces the
harm of interference. With the increased load sfdential areas, more and more sub-
carriers may conflict with each other. The “integiece noise” also accumulates to
reduce the SNR accordingly. However, in those nerloaded systems, the frequency
hopping OFDMA restrains the interference betweesidential areas effectively and

simply.
3.4 Perfect Combination of MIMO and OFDMA

In the WiIMAX802.16e system, MIMO and OFDMA are camdéd to improve the
network coverage and redouble the WIMAX system ciépaAccordingly, the costs of
network construction and maintenance are reducezhtlgr which promotes the

development of mobile WIMAX.

MIMO is applicable for all wireless communicatia@chnologies. In the WiMAX802.16e
system, the perfect combination of MIMO and OFDMAnkmdies the technical
advantages of MIMO better.

The MIMO system has the capacity of anti-multip&tting, but it cannot do anything
about the selective fading of frequency. Other comigcation systems generally adopt
equalization technique to solve this problem in MBMO system. The OFDMA of

WIMAX conquers the selective fading of frequencgaessfully. The next generation of
mobile communication requires technologies withhkigfrequency spectrum utilization
rate, but the ability of OFDMA to improve the frespcy spectrum utilization rate is
limited after all. Combined with the MIMO, the fregncy spectrum efficiency is further
improved without increasing the bandwidth of systeithe MIMO + OFDMA

technology not only offers higher data transmissspeed, but also achieves strong
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reliability and stability of system by diversity. dveover, for lower code rate and
additional guard interval, OFDMA has powerful capaof anti-multipath interference.
The multipath delay being less than guard intemelbases the system from the
intersymbol interference. In this way, single-freqgay network uses the broadband
OFDMA system to eliminate the shade influence rggyon MIMO technology. It

realizes the seamless coverage of network truly.
3.4.1 Networ k Coverage Ability

Because of higher frequency range, the transmidsiss of WiMAX802.16e is much
higher than other mobile communication systems.aBgpthe network coverage is a
challenge to WIMAX. The application of MIMO techmogly in the WIMAX system
greatly improves the network coverage. In the divgrmode, MIMO increases the
coverage radius of residential areas by diversdin.gin the multiplexing mode, it
increases the coverage radius by diversity gaiaibdtl from increase of speed at the
edges of residential area. In the adaptive switclmmode, the edges of residential area

work in diversity mode, and the coverage gain deatical to that of diversity mode.
3.4.2 System Capacity

The WiIMAX802.16e system provides very high dataotghput and mobility, which
keeps the users on-line at any time. The usergxparience the true broadband service
even if they are moving. In the multiplexing motlee MIMO technology multiplies the
system throughput and frequency spectrum efficieang also multiplies the peak speed
of a single user. In the diversity mode, the systi@mughput and the frequency spectrum
efficiency are improved by increasing the proportad High Order Modulation (HOM).
In the adaptive switching mode, the center of sl area works in multiplexing mode,
and the edges work in diversity mode. As a reghk, improvement of the system
throughput and frequency spectrum efficiency fafisbetween the two modes. The
application of the OFDMA and MIMO technologies elesthe WiIMAX802.16e system
to improve the frequency spectrum efficiency tolrgest extent and provide high speed

and broader band width necessary for high qualiita video and televisions service.
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3.4.3 Cost

In high-density urban areas and CBD areas, thexemamy high-end users who have
higher requirements on the system throughout arak pate. The capacity may be
restrictive sometimes. By adopting the MIMO Matrix&hnique, the WIMAX system
capacity is improved by 55% for downstream and 382tipstream. In case of restrictive
capacity, the quantity of base stations is decrbdge25% approximately. Compared
with other multi-antenna technologies (such as Addaptive antenna system, also called
advanced antenna system), MIMO has obvious advesitagthe capacity gain for high-
density urban areas, which effectively reduces dbsts of network construction or

capacity expansion in intensive call areas.

In case of restrictive coverage, the MIMO technglatcreases the coverage radius by
50% or higher, and increases the coverage areiagié station by nearly 100%, which
saves 40% to 60% base stations under certain @miefihe introduction of MIMO
technology in suburban areas and villages reatizesnaximum coverage by minimum

base stations, which greatly reduces the costtefark construction.

Additionally, in respect of installation and mainéace, the AAS antenna is at least 4-
beam antenna requiring large installation spaceng@oed with the traditional antenna,
the AAS antenna requires much more feeder linesvaddr chamfer of transmission
tower, which greatly increases the work quantitidse AAS antenna is heavy, requiring
higher installation carrying capacity. Additionalljhe AAS antenna is too large to resist
the wind. With higher requirements on the wind s&sice, it is not suitable for areas of
heavy wind or frequent typhoon. MIMO needs feweteanae than AAS. A piece of
common +45 dual-polarized antenna is sufficient to support MKAO. With lower
requirements on the installation space and carrgeqacity, it is easy to arrange and

maintain, which effectively saves the costs of angeinstallation and maintenance.
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Chapter 4 Application of WiM ax
Technology

4.1 Application Modes of WiM ax
The technical properties and application charasties of WIMAX decide its adaptability

and different application modes under various @pgilbn conditions. The following is
the primary analysis and discussion on applicatmaes of WiMax broadband wireless
access.

411 PMP

As shown in Figure 4.1.1, centering on the basgostathe PMP application mode uses
the point-to-multipoint connection to compose a Vddvaccess network of star structure.
The base station plays the role of service acoggsdmt. By the dynamic allocation of
band width, the base station selects the beam raatehe omnidirectional antenna or
multi-section techniques, subject to the conditiohssers in the coverage, to satisfy the
demand of a mass of subscriber station equipmecgésamg the core network. If
necessary, it expands the wireless coverage byat@pstations. It also allocates the
channel bandwidth flexibly based on the quantitysdr groups, and thereby expands the
network capacity to realize the coordination betwkenefits and costs.
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Figure 4.1.1 PMP [7]
PMP is a conventional application form of accessvoek, characterized by the simple
network architecture. The application mode is samib the access form of cables such as

xDSL. Therefore, it is an ideal option as replacetnué cables.

412 Mesh

As shown in Figure 4.1.2, Mesh application modepasionultiple base stations (BS) to
expand the wireless coverage by mesh network. @tieedase stations connects to the
core network as a service access point (SAP), dhdr connects to this SAP via
wireless links. Consequently, the base station/3 iS used as not only a service access
point but also a junction point of accessing, atfteobase stations are service access

points instead of simple repeater stations (RS).
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Figure 4.1.2 Mesh [7]

The Mesh application mode is characterized by teshmrmetwork structure, which can be
arranged flexibly to realize elastic extension daftwork in accordance with the
actualsituation. For areas such as suburban aseasvBy from the backbone network,
which is seldom covered by the cable network, #pgplication mode can be used to
expand the coverage. The scale depends on thesraflinase station, the size of the

covered areas, etc.

4.1.3 Hotspot Backhaul

The Hotspot Backhaul mode adopts WiMax wirelesessametwork to haul the hotspot
service of remote WiFi back to the core networke WiMax base station still plays the
role of SAP, and the WiMax subscriber station i wWireless accessing equipment at the
side of hotspot, which offers standard interfaceh® hotspot, and then connects to the
wireless terminal as the hotspot equipment of WLAddess point via IEEE802.11a/b/g

wireless link.

The WiMax access network may adopt PMP or Mesttctirae as the case may be. The
mobile network operator can adopt the applicatiamdento haul the service of mobile

base stations in residential areas back to thelesWitching center.
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The Hotspot Backhaul mode is mainly characterizgdhe wireless transmission for
service backhaul. Compared with traditional catdeldaul, it has obvious advantages

and should be the supplement or replacement afitadl mode.

4.1.4 Terminal Access

In the terminal access mode, the terminal equipr(iEB) connects to the core network
via the WiMax base station as SAP. If the termeglipment intends to connect to the
WiMax network directly, it must be configured wighsubscriber unit (SU) conforming to
the WiMax standard. The SU is generally a WiMAX elss network card or wireless

module.

For the higher access rate of WiMax and its supjomtobility of terminal equipment in
the metropolitan area (for IEEE 802.16e to be idgui¢ is particularly suitable for the

terminal applications with higher requirements lo@ &ccess rate and mobility.

This mode is characterized by allowing the usaniieal to access the network directly in
high speed and supporting the moving and roamingmabile terminal in the

metropolitan area. In respect of technology andiser only by adding the support to
VoIP voice service, it turns to be worthy of tharmeas the next generation of mobile

communication network.

4.1.5 CPN (Customer Premise Network) Access

The CPN access mode is concerned essentially hgtlgitoup users, aiming to connect
the CPNs such as enterprises, schools and SOHOIl(Siffiae Home Office) to the
MAN via WIMAX. Similarly to other application modeshe base station still plays the
role of SAP connecting to core network to offer el@ss access service. At the user
terminal, the wireless access equipment of thecsildes links to the BS via wireless
interface at one end, and to the CPN equipmenstaadard interface (such as Ethernet

interface, E1, etc.) at the other end. Generdlfig, dubscriber station (SS) adopts beam
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antenna and various adaptive techniques to adjasivorking mode flexibly and ensure

the normal access of users.

The CPN equipment may be a router, switch, hubtberonetwork equipment, even

another wireless access point such as WiFi hotsgath is used to compose a private
local area network of user. The typical examplescampus network, enterprise network,
government network or SOHO widespread nowadays.

The CPN access mode is especially suitable forssa@@ong premises with inconvenient
cable accessing and lower requirements of bandwi@tmpared with cable accessing,

the fast arraignment of such mode is a competéoieantage.

4.1.6 Wireless Bridge

The wireless bridge mode is a point-to-point wiseléink similar to the remote bridge.
The purpose is to connect two geographically sépadraub-networks together via
WIMAX wireless link. Because of the point-to-poimiode of wireless bridge, the
antennae of WIMAX wireless bridge equipment atllbéh ends may align to each other.

As a result, the transmission performance is ridiabd the arrangement is simple.

Obviously, the WIMAX wireless bridge avoids thefatifilt works of cables pavement or
expensive cable rents. Moreover, it is availabléht® users in a short time with long
connection distance. The connection bandwidth mugh to meet the requirements of
common applications. It is more competitive thae tiable bridge in respect of private

network construction.
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4.2 Application Scenarios of WiM ax

4.2.1Fixed Application Scenario

The fixed access service is the most fundamentalenad 802.16 operation network,
including the services of Internet access, transioms carrying, and Wi-Fi hotspot
backhaul.

4.2.2Nomadic Application Scenario

The nomadic service is the nest development sthfieed access. The terminal connects
to an operator's network via different access innh the connection of each
conversation, the user terminal only realizes tbeess of station type. For different
network accesses, the data transmitted will notrdserved. The nomadic and all
subsequent application scenarios support the rgasenvice and have the function of

terminal power supply management.

4.2.3Portable Application Scenario

In this scenario, the user can connect to the n&tiwmowalking. The connection will not

be interrupted except for switching between rediderareas. The portable service
develops on the basis of nomadic service. Since dtage, the terminal is allowed to
switch between different base stations. When theital holds still, the application

model of portable service is the same as fixediserand nomadic service. When the
terminal switches, the user experiences a momeftaayximum 2s) service interruption

or delay. After the completion of switching, TCP#Bplication refreshes the current IP
address or re-establishes the IP address.

4.2.4Smple Moving Application Scenario

In this scenario, the user can use the broadbameless access service in walking,

driving or taking bus, etc. However, when the mgvspeed of terminal reaches~60
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120km/h, the data transmission speed descendsthi ifirst scenario allowing switching
between neighboring base stations. In the proceswitching, the data package losses
are controlled within certain scope. In the worsse; TCP/IP conversation is not
interrupted, but the service of application layegtm be interrupted. After the completion
of switching, QoS resets to the initial level. Timple moving and mobile networks are
required to support the suspend mode, idle mode,paging mode. The mobile data
services are the main applications in mobile seéen@ncluding simple moving and
mobile), including the popular mobile E-mail, stmeag media, videophone, mobile
games, mobile VoIP, which occupy more wireless usses.

4.2.5M obile Application Scenario

In this scenario, the user can use the broadbaralless access service at a moving speed
of 120km/h or higher. If no network connectioraigilable, the user terminal is in a

state of low power consumption.
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Chapter 5 WiMax, WiFi, 3G and
LTE

5.1WiMax vs. WiFi

As for the relation between WiMax and WiFi, theg aot in the same category. WiFi is
an interoperability organization related to the EBB2.11x standard of WLAN, while

WiMax is an interoperability organization related the IEEE802.16x standard of
WMAN. They are oriented to different applicationpés.

Compared with WiFi, WiMax has a better physicaklagnd MAC layer technology with
higher speed and QoS, and the competition follMiig:i is mainly used in the category
of WLAN, and the WiMax is used in the category oMAIN, which are complementary
to each other. It can be considered that WiFi iable for the indoor usage, and WiMax

is suitable for outdoor usage in cities.

1 Wi L wmax
Banea Up to 300 feet (about S1.4 Up to 30 miles (about 48.3 kilometears);
e meters) cell radius of 4-6 miles
Optimized for ind Chutdoor Ncr.rLene—o!ﬁlght (NLOS)
Coverage e o performance; support for advanced
pe - ge antenna technologies
Stpposimeg one I Effectively supporting one to hundreds
users, one Customer : = g
Scalability Premi Equi e pieces of CPE; unlimited subscribers
D L within each CPE; flexible channel sizes
WOES) nar s, Sarad from 1.5MHz to 20MHz
20MHz channe! width E
Bit rate > Thitatatiz ihbnﬂs."Hz_ and up to FT5Mbits in a 20MHz
annel
Support for QoS at the MAC level, which
QoS No QoS support enables differentiated services for voice
and video
. - Extensible Authentication Protocol
Wired E alent Priva
Security st sl ¥ (EAP}-based authentication; Advanced

mechanism

(WEP) authentication;
pre-shared key

Encryption Standard (AES), Privacy Key
Management (PRM)

Table 5.1 WiFi vs. WiMax [8]
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5.1.1 Hybrid Network of WiMax and Wi-Fi

WiMax composes the network combining Wi-Fi to sollie problems in Wi-Fi. WiMax
and Wi-Fi develop in a complementary trend. Fasragltime, they coexist and cooperate
with each other, and also develop compatible to\®8/4ax offers the converging access
of data to realize fast and flexible WLAN. It magnobine broadband data gateway or
WLAN AP to provide perfect solutions for medium/dhmenterprises and city hotspot
access, and make full use of the NLOS, high frequespectrum efficiency and IP
characteristics of WiMax. WiMax combines the WLAd grovide full-wireless solution,
in which WiMax solves the “Last Kilometer”, and WA solves the “Last Hundred

Meters”.

5.2WiMax vs. 3G

3G is a Wide Area Network technology. 3G networkSBN (Integrated Services Digital
Network) for global mobile communication integrafirvarious functions of mobile
communication systems, such as cellular, cordléssking, mobile data, satellite.
Compatible to the service of fixed telecommuniaatieetwork, it also offers voice and
data services. The goal of 3G is to realize seadeserage in all areas (urban area and
open country) to make the system services avaitallsers anywhere. 3G also offers the
voice and data services. Under present conditithes,QoS of voice service based on

circuit switching is much better than the VolP.

As the fourth standard of 3G, WiMax demonstrategieat superiority in many respects
compared with other three 3G technologies. Althotinghspeed of 3G network improves
greatly than others at present, it is slower thaMaX by 30 times. Additionally, the

network coverage of a 3G base station is only enthtof WiMax.
In the past years, wireless network operators iegelsundreds of billion dollars in order
to acquire the 3G operation license. They stillnspéens of billion dollars on the

operation of 3G network now. At present, the fretuyespectrum of WiMax needs no
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additional expenses, and the WiMax-based netwajkires base stations much less than
3G.

The fixed-line operators are proposed to estalaishiMax-based network of low costs
firstly, and then connect the wireless network witte Internet via existing fixed
telephone line. In this way, they may recaptureesomarket shares from mobile network

operators.

The core function of 3G is to provide mobile telepa service, and also to transmit data.
The criterion of WiMax is the high-speed data traizsion while voice quality is not the

key requirement. Accordingly, they have differesgits and targets. WiMax emphasizes
on the wireless service of broadband, while 3G dandealize the broadband service of

wireless network.

Parameter 3G WintAX
Communication for Download 2 Mbps; Download 10 Mbps;
stationary devices Upload 0.15 Mbps Upload 2-3 Mbps
Communication for Low speed 0,14 Mbps High speed 2 Mhps
mahile devices High latency (=100 ms) Low latency (<100 ms)
Bandwidth Theoretical maximum Theoretical maximum

2.4 Mbps 70 Mbps
Security High High
oS High High: latency as low as <10ms

Table 5.2 3G vs. WiMax [9]

53WiMax vs.LTE

Both the Long Term Evolution (LTE) and WiMax adopdvanced methods such as
OFDMA and MIMO, and both of them are completely dth®n IP (Internet Protocol).
With high speed data function, they realize mamyaeapplications such as fast internet

access and video.
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The two systems seem to compete severely, but thast be a sole winner finally. It
may not be so actually. Competition of data sewizeéght exist in some areas, but it is
not everything. The two standards are developeemdifferent historical backgrounds,
and they have different abilities. Obviously, LESTthe successor of cellular technology
such as UMTS/WCDMA/HSPA and CDMA2000 3G, while WiMe mainly used for

the broadband wireless access and backhaul links.

531LTE

As the evolution of 3G, LTE improves and strengthdre air access technique of 3G. It
adopts OFDM and MIMO as unique standards for theuton of wireless network. It
offers a peak rate of 100Mbit/s down and 50Mbitfs under the 20MHz frequency
spectrum bandwidth. It improves the performanceseafrs at the edges of residential area,

increases the capacity of residential area, anacesithe system delay.

LET has the following technical characteristics:

(1) The communication speed is improved to a pea&k of 100Mbps down and 50Mbps
up.

(2) The frequency spectrum efficiency is improved5(bit/s)/Hz for downlink (3 ~ 4
times of RGHSDPA) and 2.5(bit/s)/Hz for uplink (2t@es of RGHSU-PA).

(3) With the PS domain as its main purpose, theadlvarchitecture of system is based on
the packet switching.

(4) With system design and strict QoS mechanisnt Qoarantees the quality of real-
time service (such as VolP).

(5)The system is arranged flexibly to support vasigystem bandwidths from 1.25MHz
to 20MHz, and support the “paired” and “unpaireddquency spectrum allocation. It
guarantees the flexibility of system arrangemenhefuture.

(6) It reduces the wireless network delay. The subé length, 0.5ms and 0.675ms,
solves the problem of down compatibility and reduttee network delay to <5ms for U-

plan and <100ms for C-plan.
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(7) The bit rate at the boundaries of residentiahds increased without changing the
location of existing base stations. For example M&(Multimedia Broadcast/Multicast
Service) offers a data rate of 1bit/s/Hz at thenatawies of residential area.

(8) It emphasizes the down compatibility, suppatithe cooperative operation of

existing 3G system and non-3GPP standard systems.

Compared with 3G, LTE has great technical supayioembodied by the high data rate,

package transport, reduced delay, wider coveradelawn compatibility.

Figure 5.3.1 shows the comparison between LTE amdaw under different terminal

equipment and hotspot devices.

Hots pot Network Average Average
device Technology Test device Down (Mbps]) Up (Mbps) Latency (ms) # ol tests
ThunderBolt LTE Apple iPad 2 T.37 430 202 129
ThunderBolt LTE Toshiba Laptop 928 464 79 125
Average In-Building 8.1 447 141 254
EVO WiMAX  Apple iPad 2 0.65 043 34 125
EVO WiMAX  Toshiba Laptop 1.713 0.36 161 128
Average In-Building 1.19 039 246 2513
ThunderBolt LTE Apple iPad 2 8.35 in 210 125
ThunderBolt LTE Toshiba Laptop 11.35 5.10 a0 130
Average Near Window 9.88 6.08 144 255
EVO WiMAX  Apple iPad 2 09 088 619 131
EVO WiMAX  Toshiba Laptop 1.41 095 134 128
Average Near Window 1.16 091 379 259
ThunderBolt LTE Apple iPad 2 785 568 206 254
ThunderBolt LTE Toshiba Laptop 1034 4.88 79 255
Average Both Locations 9.10 5.28 143 509
EVO WiMAX  Apple iPad 2 078 0.66 480 256
EVO WiMAX  Toshiba Laptop 1.57 0865 147 256
Average Both Locations 1.17 0.66 4 512

Table 5.3.1 LTE vs. WiMax

5.3.2 Competitive Relation between WiMax and LTE
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LTE and WiMax have commonality to a large extenar&land more chip manufactures,
equipment suppliers, and operators of WiMax areimgy to or intend to turn to the LTE.

Although it is too early to say WiMax is a losdngtsuccess of TD-LTE with unpaired
frequency spectrum will strike a deadly blow to Wikl When USA Verizon and Japan
DoCoMo present services widely in the end of thary@011 will be a year of great

progress for LTE. The first-mover advantage of WiMialikely to be eroded.

Recently, IHS iSuppli publicized a research rep(ffigure 5.3.2) to reveal the
competition between the two standards in the 4treggion of mobile communication
technology. It predicts that the battle between Lartd WiMax will end soon, and LTE

will win a landslide victory.

4G Worldwide Subscriber Forecast (Millions of Subscribers)
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Table 5.3.2 4G Worldwide Subscriber Forecast

Although WIMAX develops steadily and mature at pres LTE will excel it in certain
time of the next year. The subscribers of LTE aredasted more than 300,000,000 in
2014.

5321TD-LTE and WIMAX

Recently, the topic about either “amalgamation*@mpetition” between TD-LTE and

WiMax causes tempests in global communication itrgjusMost people support or
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encourage the amalgamation, while some worrierdlgectors also argue from the
difficulties in the development stage or amalgaoratechnology. By observations on the
causes and forecasting of results, the writer ththiat, the amalgamation of TD-LTE and
WiMax depends on the strategic interests brought thgir respective strategic

orientations.

In October 2009, ITU collected six proposals for #&&hnology submitted by 3GPP,
IEEE, China, Japan and Korea. In the coming yeateuthe instruction of ITU-R WP5D
workgroup, 14 independent evaluation workgroupd pérform strict evaluation and
system amalgamation on the six candidate propo$hks.first version of globally core
standard IMT.GCS for 4G was completed in Octobefi020and the official 4G

technology will be determined basically then. TH&OTE Advanced proposed by China
is a powerful competitor for 4G standard. After #neluation of authoritative sources,
there, it is almost a sure that China will win. Mesile, the candidate WiMax is another
powerful competitor for 4G standard. Thereforey¢hmay be two TDD standards for 4G

in the future.

Against such background, the advocate to amalgamaetween WiMAX and TD-LTE
becomes stronger. Firstly, in the ITU TELECOM WORIZD09 at Geneva and later
International LTE Forum 2009 at Hong Kong, Wanghdi®u, Chairman and CEO of
China Mobile Communications Corporation, proposked amalgamation of LTE and
WiMax, and exchanged opinions with the CEOs of WiM#gperators. They all believe
that the amalgamation of LTE and WiMax will realizhe globally unified
communication standard of the next generation.okofig him, Arun Sarin, the CEO of
Vodafone Group, suggested the amalgamation of LAcEV&EiIMax to ease the burden on
communication industry for developing two technicihndards at the same time.
Moreover, international communication service sigsplalso support the amalgamation.
They think of WIMAX and LTE overlapped 80% ~ 90% imespect of techniques.
WIMAX and LTE have an unprecedented opportunityaoialgamation and alliance.
MOTOROLA even predicts a trend of standard amaldgemathat is to say, WiMAX
802.16m and TD-LTE will be integrated as a whokndard. ZTE thinks that, WiMax
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network today will become potential TD-LTE tomorroand this trend promotes the

deployment of WiMax in return.

Certainly, there are some objections. For examipltel, as the proposer of WiMax
technology, believes that LTE and WiMax are abshutifferent. One is developed
from an IT perstective, and another is a completggiitional communication technique.
At first, the two will not be amalgamated in respefcterminals. Secondly, the two adopt
totally different commercial modes. Accordingly,ither amalgamation nor completion
exists between LTE and WiMax. Especially, the damompatibility must be considered.
For example, China needs to consider the dual-ncodgatibility of TD-LTE and TD-
SCDMA, North America needs more to consider thetrmbde compatibility of EV-DO,
FDD LTE and WIMAX. As a result, the amalgamationWwiMax and TD-LTE will not
be smooth. In fact, neither WiMax Forum nor GSMAling for TD-LTE expansion
propose a definite strategy of evolution. Instehey accelerate the creation of perfect
ecosystem in their respective fields and expand uker bases. As a result, the
competition between the two is in progress till ndws difficult to make a judgment of

“washing out” or “amalgamation” in the future.

5.4 Global Deployment of WiMax & LTE

5.4.1 Global Deployment of WiM ax

On October 19th, 2007, International Telecommurocat Union (ITU) announced the
approval for WiMAX as the 4th global 3G standardidaing CDMA2000, WCDMA
and TD-SCDMA(Time Division-Synchronization Code Bion Multiple Access).

Since the advent of WiMax, the standing memberdMi¥lax Forum are up to 291
covering COMS chips companies, equipment manufaguand telecommunication
corporations such as Chinese Huawei, ZTE, Alc&tettel Networks, Motorola, Cisco,
and one of the initiators, Nokia, as well as soemwise suppliers and operators, such as
British Telecom, French Telecom, Qwest CommunicgtiReliance Telecom. Now the

service suppliers and operators occupy nearly loing of the seats in the Forum.
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54.1.1 Europe

British Telecom is a typical case. The British goweent requires the operators offering
broadband access service to resident everywhehe whole country. Therefore, WiMax
attracts British Telecom because it satisfies ttexket demand of rural areas. British
Telecom has started on the technical testing klatéNiMax, hoping for high quality
and high speed wireless broadband access to maas$ &ar from ADSL and cable TV
broadcasting networks. By using WiMax, British @ may compete with mobile
communication operators by means of virtual openatFollowing the British Telecom
on April 28th, 2004, French Telecom, Qwest, Releaand XO joined the WiMax Forum

successively.

5412 USA

As the practice cost of WiMax decreases gradu#tig, operators of America Telecom
convert the WiMax technology into a practicable ooencial mode, which makes

WiMax an important alternative in addition to tréoinal copper cable and IP telephone.
Federal Communications Commission (FCC) forecédsts tilong with the long-distance
telephone operators quitting the market, the coitipetin American voice market will

develop among various communication approacheshnkicentered on the competition
between cable and wireless communication operammsell as between DSL and cable
TV broadband network operators. WiMax turns to lgoad choice for non-mainstream
telecommunication operators to challenge the locainstream telephone service

operators in the field of voice service.

5.4.1.3Korea

In April 2005, WiMax Forum announced that the Karédireless Group would support
and promote the products certified by WiMax Foramg had signed an agreement with
European Telecommunication Standards Institute (ET& guarantee unique global
standard for WMAN technology. This implies that WAk unifies other two technical
standards of WMAN WiBro and HiperMAN.
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In June 2005, Korean Telecom established the laageamercial WbFi network in the
world. WiBro is the mobile internet technique deyed by Korea specifically for
existing communication system to improve the insighcies of mobile internet service.
The mobile broadband service WiBro (see Table tr6ttie main technical indexes) is
compatible to 802.16 standard. At present, Kores isaued the WiBro License to
operators KT and SKT respectively, and put it iobonmercial service formally in June
2006.

5.4.1.4)apan

Airspan signed a contract of 17 million dollars twithe Japanese Telecom operator,
Yozan. They agreed to deploy WiMax network in Tokiapether, for which the
commercialized products were presented in Decer20@5, and the base stations were
delivered before March 2006. The project adopted Alrspan radio technology with
upgradable software, supporting 802.16-2004 ab#dginning and then the 802.16e after
upgraded. Till the end of 2006, Japan had issuextBses of 802.16e.

5.4.2 Global Deployment of LTE

5.4.2.1 Sweden
On May 25th, 2010, Ericsson and the Swedish opefBtiaSonera initiated the first

commercial station of LTE in the world, marking igrsficant progress to realization of
mobile digital highway.

As a main operator of Sweden, TeliaSonera is desticen upgrading the network in
these years. Its mission is to offer service byaigpeed and richer contents to the users,
and make the users to enjoy high speed and smeobtlork connection even in moving.
For this purpose, TeliaSonera signed a ContractLidE Commercial Network with
Ericsson on January, with the Capital Stockholm ecedt by the network. The
commercial time is 2010. According to the contr&aicsson provides TeliaSonera the

LTE system including LTE wireless base stationbraihd-new RBS6000 series, evolved
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packet core network, and mobile backhaul link solutcomprising of Redback
SmartEdge1200 Router and latest EDA multiple acaggsegation switch. Additionally,
Ericsson is not only responsible for the networkplementation and network
management at initial stage, but also cooperattis WeliaSonera for a long term to

promote the LTE mobile broadband to users.

Before the global economy bounces back, TeliaSomenaunced to deploy the first LTE
commercial station in the world. As a part of comered network formally initiated in
2010, this station unquestionably offered a goodthalestration for the worldwide
development of LTE. The opening of the station ¢atikd LTE to be a fact rather than
out of reach.

5.4.2.2 Japan

On May 7th, 2009, Ministry of Internal Affairs ar@mmunications of Japan issued 4
licenses of LTE. The largest mobile communicatigerators NTT Docomo, Softbank
Mobile, KDDI, and e-Mobile obtained the licensesdsfault. Japan will adopt uniform
LTE standard of the industry in the 4G era represkby wireless broadband, which is
beneficial for the rapid popularization of LTE. Richis point of view, the Ministry of
Internal Affairs and Communications issued 4 LTEefises. The three largest
communication operators of Japan, NTT Docomo, Sokb and KDDI as well as the

newly-born e-Mobile competed fairly to obtain tlheduency band for developing LTE.

NTT DoCoMo, the largest mobile communication oparatf Japan, plans to invest 300
~ 400 billion yen to build LTE base stations andKkimne communication network in the
coming 5 years. It will start the service in thexingear at the earliest. The Softbank
Mobile invests 120 billion yen on the equipment evhwill be put into service in 2011 or
2012. E- Mobile plans to reach a total investmdr83a® billion yen on the equipment till
2013, which will be put into service in 2011. KDWIll start the service in 2012, with the
investment as much as 100 billion yen.
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Some experts point out that the Japanese goverrgserd the license earlier because it
intended to lead the deployment of 4G in the wofldcording to the plan of Japanese

Government, LTE will cover more than 50% of Japar@spulation after 5 years.

5.4.2.3Verizon AppliesLTE to Commercial Usein USA First

This year, Verizon Wireless Corporation organized \erizon Communications and
Vodafone jointly selected Ericsson and Alcatel-Lnice® be the chief network suppliers
to support the LTE network deployment in the U.SPRreviously, Verizon has
cooperated with Vodafone to carry out the advarlcEd network testing in USA and
Europe. The two manufacturers will deploy netwarkastructure for Verizon Wireless

to help it with the commercial LTE service in USike 2010.

Additionally, Verizon declares to select Nokia Sesra Networks and Alcatel-Lucent to
be the core suppliers of IP Multimedia SubsysteMS). Regardless of the access
technique, the system realizes abundant multimagdications. IMS plays the role of
core technology in the evolution of Verizon serveehitecture. Verizon plans to provide
IMS-based IP fusion application and service on wieeless and fixed broadband
networks. LTE turns to be one of the important lese access networks adopting IMS
technology. Verizon Wireless will expand the FiO&ical network when it constructs
the LTE network and provides commercial servicés H sustainable and complementary

development strategy with a view to future develeptrof broadband market.
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Conclusion

From the analysis above we can see that, WiMaxsystdopts the MIMO and OFDM
technique for higher frequency spectrum efficien&epresenting the development
orientation of wireless communication technolodpg technique becomes the recognized
key technology for mobile communication systemha future. It is not only applicable
for WiMax system, but also the kernel of the 4Gteys For its excellent performance,
WiMax rises from a high base, and used to be censil as the most powerful
competitor of mainstream mobile communication staids. The appearance of WiMax
offers theoretical foundation and technical supporthe broadband service of wireless
access, which represents the development orientafibroadband wireless technology.

Its superiority in supporting capacity of data baitth is recognized by all.

However, many partner manufacturers and mainstr@aenators of WiMax camp have
transfered their allegiance recently, and criticisnheard sometimes. The development
of WiMax suffers a setback. Cisco quit the WiMaxrked; a senior executive of Alctel-
Lucent openly stated his pessimism for the futeestbpment of WiMax; Nokia stopped
the production of a WiMax mobile phone and turne@mother system of the same type;
Intel separated the WiMax business from the Gréuipof the news throw doubts on the

development of WiMax in the future.

Nevertheless, as above-mentioned, WiMax has a isupand predominant technical
position and influence in the history of wirelegsramunication. Similar to LTE, WiMax

also adopts key techniques such as MIMO and OFDOiré&fore, in the incoming 4G era,
WiMax must “amalgamate” the LTE for the purposesofvival and development in the

future.
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