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Abstract

Wireless Broadband is the meeting point between two of the most important growth stories
in telecommunications industry. The broadband technologies have achieved great success
in recent years, which is the same thing that happened with wireless communication
technologies. WiMAX came as one of the 4G technologies to combine the positives of
broadband and wireless connectivity, as a promising technology to solve many of the
problems of limited coverage, limited data rate speed, or the extra cost, which is exist in
the most current technologies providing various internet access services.

This study aims to introduce WiMAX technology. In addition to provide a proposal
with economic feasibility study for the design, installation and operation of WiMAX
network in Syria according to a specific timetable. It provides a description of this
technology advantages, its positives, and uses. Then it compares WiMAX to the currently
used technologies in Syria and the world.

This study also provides a description of WiMAX network general structure, and
gives a vision of the network structure and its main components and the mechanism of
their interdependence and geographical distribution within the proposed project in Syria.

We also addresse the system capacity and requirements according to the proposed
specifications. where the study found that in order to meet requirements of 9748 potential
subscribers in Muhajreen area in Damascus with a various expected bandwidth categories,
we need 4 base stations and 13 sectors at least. To meet the requirements of 578205
potential subscribers in all Syrian provinces according to the number of potential
subscribers in each province with a various expected bandwidth categories, we need to 184
base station and 736 sectors at least. This study also simulates WiMAX network through
eight scenarios using HTTP and VolP applications, in order to test and compare
throughput, transmission delay, and load parameters using OPNET modeler v14.5. Where
the results varied between the two applications in all scenarios for each parameter.

We finally provide a study of the economic feasibility of the proposed project in
Syria in five years, by calculating gross revenue from potential subscribers various
bandwidth categories, calculating the CAPEX and OPEX of the project in each year, and
then calculating the net profit in each year. The feasibility study showed that the project is
cost-effective, because we obtained a positive number for the net present value of the
project during and after five years of the project life.

Keywords:
Broadband access, WiMAX, Fesiability Study.
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Asymmetric Digital Subscriber Line
Advanced Encryption Standard
Average Revenue Per User

Automatic Repeat Request. In case of errors in a transmitted packet or a
nonreceived, packet retransmission will occur.

Access Service Network

Automated Teller Machines

Business Support Systems
Base Station
Broadband Wireless

Broadband Wireless Access. Enabling high-speed broadband
connections over the air instead of over wired (fixed) connections.

Central America and Latin America

Capital expenditures

Call Center

Carrier Sense Multiple Access/Collision Avoidance
Customer Premises Equipment

Connectivity Service Network

Customer Service Office

Data Center

Dynamic Host Configuration Protocol
Normal fixed phone line

Domain Name service

Digital Subscriber Line
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It is the European term for the transmission. It has a bit rate of 2.048
Mbit/s.

European Telecommunications Standards Institute

Fixed Broadband Wireless
Frequency Division Duplexing
Fault Management Center
Fiber To The Home

Fire Wall

High performance Local Area Network

High Speed Uplink Packet Access

Institute of Electrical and Electronics Engineers
Internet Protocol Television

Internet Service Provider

Integrated Services for Digital Network

International Telecommunications Union

Local Area Network
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Media Access Control
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Personal Area Network

Public Data Network

Physical Layer

Point-to-Multi-Point

Point Of Presence

Public Switched Telephone Network

Point-to-point

Quality of Service

Storage Area Network
Symmetric Digital Subscriber Line

Subscriber Station

Synchronous Transport Module level-1. It is the SDH ITU-T fiber optic
network transmission standard. It has a bit rate of 155.52 Mbit/s

Synchronous Transport Module level-4. It is a SDH ITU-T fiber optic
network transmission standard. It has a bit rate of 622.080 Mbit/s.

Synchronous Transport Module level-16. It is a SDH ITU-T fiber optic
network transmission standard. It has a bit rate of 2,488.320 Mbit/s.
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It is the North American term for the transmission. It has a data rate of

b 1.544 Mbit/s.

TCO Total Cost of Ownership

TDD Time Division Duplex

TDMA Time Division Multiple Access

U

UPS uninterruptible power supply

y

VOIP Voice over Internet Protocol

W

WAN Wide Area Network

WiMAX Worldwide interoperability for Microwave Access
Wi-Fi Wireless Fidelity

WISP Wireless Internet service provider

WLAN Wireless Local Area Network

WMAN Wireless Metropolitan Area Network

WPAN Wireless Personal Area Network

WWAN Wireless Wide Area Network

X

xDSL A generic term for Digital Subscriber Line family
2G Short for second-generation

3G Short for third-generation (mobile communication)
4G Short for fourth-generation

3DES Triple Data Encryption Algorithm
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Challenges beyond the air Interface”, IEEE vehicular technology magazine.

el say oSl ls ASuE e @Rl AR el e Al sl S5

GUaill (il Saill A0l Auriglls Al Aol e Aaad a8 Cum ASWEN (o oalia]

Access Service Usaasl dead aSud Aadagy en dwaal ) iyl Sk sy Ay

oy Cledll o Jpandls 408N ) #lsll 33 ge Jsasall e3adl 585 (Network (ASN)

3 ASN-GW 4paal ) ¢yl Ale Chlejuy TP lindal acay WY1 QoS deadll 5asa

D AN QA G T SV OIS 0 g sl By
AY) Gkl ) oye INOC 4S8l Jidit 3S5e ) Aysaal)l) Y Lai¥) asen



o Lty Llla AUl L sl pi€ll il 1Sl (513" 2 )lsins e(Tslam, Alam-2009) duslyy .10
AL VL] e 585 ae ilyeSl) dunighl b piiale da gyl () il
ASLOU

g
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SWEDEN, blekinge institute of technology department of telecommunications
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7 saiful Islam, M., Tawhidul Alam M. (2009, January), WiMAX: an analysis of the existing technology

and compare with the cellular networks. Master Thesis, Blekinge institute of technology. Sweden.

® Medhn, Samuel. (2012, September). Cooperative MIMO System for WiMAX Technology. Master Thesis,
Addis Ababa University, Ethiopia.
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Heavy Reading and WiMAX Forum : .2l

REGION COUNTRY OPERATOR

Ireland Imagine Communications
France Bolloré Telecom

Europe Belgium b.lite T.elecom BVBA
Italy AFT-Linkem
Germany Deutsche Breitband Dienste
Spain Neo-Sky, Iberbanda/Telefonica
Bulgaria Max Telecom

e e Polar.ld Netia, Milmex
Russia TransTeleCom, Enforta, Freshtel
Azerbaijan Azqtel (Sazz)
Bahrain Mena Telecom
Jordan Umniah
Iran MobinNet
Pakistan Wateen, Augere, Wi-Tribe
Cameroon MTN

Middle East/ Africa Ghana U2 Online
Kenya Safaricom, AccessKenya
Nigeria SwiftNetworks, ADIV , MTN
Namibia Telikom
South Africa Neotel, Easttel
Zimbabwe uMAX
Australia Vivid Wireless/Optus
New Zealand Sentech, iBurst
Japan UQ Communications
Korea KT, SKT
India BSNL

Asia Pacific Bangladesh Banglalion and Augere
Sri Lanka Sky TV
Malaysia YTL Communications, P1
Indonesia PT Internux
Philippines Smart, Globe Telecom
Taiwan FarEastone, Global Mobile
United States Clearwire/Sprint

North America Canada Xplorenet, Sasktel, Bell Canada
Mexico Axtel, Telmex
Argentina Claro, DirecTV
Jamaica Digicel

Latin America/ Caribbean Mexico Telmex, Axtel
Venezuela OMNIVISION (Movilmax)
Peru Entel/Nextel International

¥ Berge, Ayvazian. (2013, November). WIMAX ADVANCED TO HARMONIZE WITH TD-LTE IN 2.3, 2.5 AND 3.5

GHZ. White Paper, Sponsored by WiMAX Forum.
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20 Kumar, Atul. (2010, September). WiMAX Technology. School of Engineering, Cochin University of Science
& Technology, India.

2 Zhang, Yan. (2008). WiMAX Network Planning and Optimization. Taylor & Francis Group, LLC. USA.

2 White Paper. (2010). WiMAX Benefits, Applications & Solutions. EION Wireless. USA.
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2 Singh, Inderpal. (2013, September). WiMAX: Design & Features. International Conference on Advance
Research in Computer Science, Electrical and Electronics Engineering. Pattaya, Thailand.
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LS pall Gania 8 e puay Jamil o i Al ) Slail) Al el Al ol aall
2 full mobility

A0S T
okl Smart antennas can enhance these capabilities
Mavini technology, as used by unwired, con
provide these enhancements. Planned for 2005
Proprietary technology from Navini matches
st of these capabilities now

Portable

802 16alc and 802 1ad (WIMAX) give non-line-
Momadac - I1i!'-'J-'“ kJPJbﬁH"«'.

Fined BO02 062 and early implementation of proprictary
wireless local loop and fixed wireless access
technologies. End 2001

Line- of-sight Naon- line-of-sight

WIMAX 2Ks ) 3t gyl 5.1y JKad)

> White Paper. (2004). Understanding Wi-Fi and WiMAX as Metro-Access Solutions. Intel. USA.
% Jubair, G. F. A., Hasan, M. I., & Obaid Ullah Md. (2009, August). Performance Evaluation of IEEE 802.16e
(Mobile WiMAX) in OFDM Physical Layer. Master Thesis, Blekinge Institute of Technology, Sweden.
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Jinli 3 ) il ddaine ac il ddasall (58 o) oSar Ayae ) daad) ) CPE
pda daniy Al LY A Gpb oo Alle Gl Bage @iy ey A
S el dasall oda P (e iyl 388 xe Aliall cilild) aasl g el
DLy JLOS ki dady Al Aliay ddanlgy (g A1 Apacl Aane pe Aadine (1585 ) (S
*.backhaul sl WIMAX o2 om dlasll o2 )

i) Al Jugig 3amie adlse o dlugall ChLEY) doae @ dasdl) Jiis
ISP i) dasd 3he (M AOAN Jhsl oysn asy @y A0 Jili 3 ) ALIS
Sle Jsanll A gl GLIY) A e clly DA e PSTN audddl )
cdgall Bieal Jie shall as cAlimadl WIMAX ulSes 3 Lol dgslhall cilenal)

*7 Bai, Ling. (2007, May). Analysis of the Market for WiMAX Services. Master Thesis, Technology University
of Denmark, Denmark.

% Joshi, K. C., Thapliyal, M.P. (2005, May). WiMAX (Worldwide Interoperability for Microwave Access): a
Broadband Wireless Product in Emerging Markets. International Journal of Computer Science. Vol. 8, Issue
3, pp.588-591.

2 Mohamad, .A, Rahman, K. A. A. (2008). WiMAX Coverage in Malaysia.
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:4dle )iis IEEE 802.16 (bl jlaal) .4.1

el il Gl e e faldie) ddhisd) Leelily WIMAX 4@ cuf)
LU Maill Aual air-interface @35l caall CNSgigy 23 SNl TEEE 802.16
s¢® IEEE WirelessMAN air-interface glaiadll Ll Gy sl eolaill e
SIS sl e ISy Jamally el el (e (SLOU) dlall B3l jpled) e de sane
IEEE 802.16 Jec 4dcsann o ulaall o2 Haais \MAN dpeliyl shlid)l cilSud b
& s 10 — 66 GHz (e agill Jlae Gaa WLL dalaall 48U lai@ll e &l yysal
ey dadndl SV VL) Leadl dedl cobaed e DA e 2 e Lganassd
Ll (2.1) a8y Jsaall 2 — 11 GHz (e duad )

il Y TEEE 802.16 lek 2l lislsll 1(2.1) Jsud!

BO2.16 B02.16a/Rev d B02.16e

Completed December 2001 802, 16a Jan 2003 Est. Mid-2005

B02. 16Rewd: Jure 2004
Spectrum 10- 66 GHz 2-11GHz 2~ GHz
Application | Backnaul Wireless DSL & Backhaul Mob#e Inemet
Channel Line of Seght Cnty Mon Line of Sight Non Line of Sight
Conditions
Bit Rate 32 - 134 Mops at 28MHz | Up to 75 Mbps & 20MHz Up to 15 Mbps & SMHz

channalization chanrelization channalization
Modulation GPSK, 1604M and QOFDM 256 sun-camers Scalable OFDA
B4LIAM CPSK, 160AM, BA0AM
Mobility Fhoad Fixed Pedestrian Mability -
Fregional Roaming

Channel 20,25 and 28 MHz Selectable channel Same a3 802 163 with UL
B andwidihs bandwidths between 1 5 and | sub-channels to conserve

20 MHz [IOWET
Typical Cell 1-3 mikes 4 10 & miles, Wk range 30 1-3miles
Radius miles based on hower height,

ANternna gain snd power

fransmit

ipleall gl Gl eVLa jig <) Lulul TEEE 802.16 ylas Cisla

Caaal) bl o il Cangs A8 Cun (pe ST e iy o ST A5 yan ¢ a1 Jadl s
o LS LASL ) Jla Wl Leasi ) gyl Bl VLl L Llls 33554l
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30, daiadl SN Calide (pe Clieaills Cilazall 81l slaic)s Hloaly uleall

TEEE 802.16 bl jlaall .1.4.1

b aie (PleY) 352001 3 (IEEE 802.16 Js¥) kil Hlnall (he o lgi¥)
AL Ay dibiall Sl ool Caplall JLadd) 138 23s35 12002 ale (e Gl
Ghai Gan LOS Lhaill oy ASLOU cdlasll Hleal J3V) z3sall gy (WMAN
Adlye dndal dlidll Glicalsall sy LS ol KLU Sall 10-66 GHZ <laa sl
SSLU) ik Jal (e Hleall 138 385 Caaala Al (MAC layer da sial) Mail)
s 3hy oSay Cam bl (7.1) a8y JSEN PMP Lalés sae ) Al (e Ualll g
iase Gpb oo lepan pe lblas o SSs S jiiall clhae e Gilaal ledl)
Jagdl eVl il QoS Aexdll sagal UL s3] s Ly WBS AjSHe dpacld
P8.LOS il iy SIS

<
SOHO
Intermet
Backbone
SS

SmalMMoedsum
Enterprise

WIMAX &5 3 PMP 4z 1(7.1) Kl

30 Wang, Jialing. (2004, March). Will WiMAX+WLAN Constitute a Substitute to 3G? — A Techno-Economic
Case Study. Master Thesis, Radio Communication Systems Laboratory Department of Signals, Sensors and
Systems, Sweden.

' Etemad, K., Lai, .M .Y. (2010). WiMAX Technology and Network Evolution. Published by John Wiley &
Sons, Inc., Hoboken, New Jersey & Canada.
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lrind A gial) D) Adlye Ak e iliguntll iany calas Aadyall s daadyall
L aed Jie . ) gl Gl 6 ddbisal) Zeasll cildlieg W <Y b
ey PMP Ll sae ) ddads i e Lai®Y) (e Yau cmesh topology de siiall 4Sul)
NV DIl NLOS ki Jad 9y AL el [l 5V z3saill 5o el 12

.ol LU Sl 11 GHz (e

:IEEE 802.16REVd (oulidll jlaall .3.4.1

da8lsal) Casi 35 JEEE 802.16-2004 an¥l Liad wldll jladl) 138 ) L3

ge NLOS ki b o 5lay) Ll leall 13a acdy Cus 2004 Ohyjs b 4dle

Mall iy of (Sep aly calimall VLA leddl 8 ey Y .fixed-WiMAX
BOLDSL gl Joa 5al) Jdaal) s Glaill agye SLOU

:IEEE 802.16e (Al jlaall .4.4.1

il Slmall Joaei gy JIEEE 802.16-2005 sl Lia aje 3l

i) Adlpe dihal Aol linessy Janll e 5,8 Z8L=Y LIEEE 802.16-2004

) iings 12005 Jo¥) 08 & AllS) 5 a8y PHY 4l daudally MAC ddass sidll

o Ao Liaey Mail) A8 Cipuayy L AdiTall WIMAX Ll ciladie e Jg¥) laadl]

ey MIMO zylaally Jalad) aae 4l lpwst Caays «COFDMA aaleiall 23l)

4y multicast 2l Jly) 4Ty (ARQ Lolil Cillal) <5 e (MAC el ciljaall
33 broadcast <)

32 Choubey, N. S., Kharat, M. U. (2008). Overview of 3G and WiMAX Technology. The Pacific Journal of
Science and Technology. Vol. 9, Issue 1, pp.59-65.
% |bikunle, Frank. (2009).WiMAX: appropriate technology to provide last mile access to ICTs infrastructure

and services in rural areas, Covenant University, Ota, Nigeria.
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Al &y of U8 [EEE 802.16-REV2 Jlealy Gild) (3 ) Slamal) 121 oIS

O gy Cua (JEEE 802.16 [lmall (hasis delua sale) oo 8)lie sag ¢ pal) A<y

Ol aeny 4te Al Alaedd) A3l Gas IEEE 802.16e-2005 sliall cilialss

802.16f <802.16i Lz Loy <IEEE 802.16 Jac dcsane Lgaisi Sl iliall b 55aY]

Lnapall iny g5 2009 U 8 L) 13gd 5aY) Cladll pumg a5 80216
29 20wiall WiMAX dalail (e 1.0/1.5 laadld

TEEE 802.16m b)) jlaall .6.4.1

2006 ale & oyski & Mg (IEEE 802.16 bl lxall (o 521 daiall yoey s
i (e adiiud Jlaidl sag (IMT-Advanced ilialsas culibiia syl adie oS0l
L) (e Lo SV Aliiall ¥ Lai¥) dadail e uad ITU VLD ol slasy)
& Atl) il peny G Aglal) bl Jeall dadaily Coped Lol 3G ) Jadl
VLN allaill 35S j3ei5 acdl MAC dlawgiall ) diday PHY 4l sl

.6 GHz (e Y1 lanjill acayy . alatial)

dadall A PHY 4l 48dall (e JS 4y 4ul@ll TEEE 802.16 ules dasd
Gllase o &5 ) Gllealls Al A8 ag MAC Adawsiall Jatl diday ¢ 15V
sl & Apeldl) daad) G elsgdl Al e Aaclll Glaally Alina) o il
Syl AE) Gl e s RSO A0El cliSay el Gn Juaalsll dadiy Jaaldll
PMP Ll&i o ) ddass fae (335 Jay)l) (3u8a] daanadl) ddas giall il ) je dish o &S
353 (4o b (ohwayy Jlo Slly Ji Jame ) zlas Al il bl 4l
il ey S siiall s e ol aaaiy LAl AT e gl & QoS el
daxi a1 by libal) Jla)) e Al oo 40056l dadall S5 LS LAS)
Ml 235 s dieliae A lgiey (Ll e el A8l5al) A3k e
(sl Cadall 4leld salyy by edlalally (i edill sam daglia Jig Sl COFDMA
Zsoall 235 iy Ga3l) i Ay NLOS i Jad (g5 e Jbeai¥) by i
LYy JluyY) adasig 23530 Cadall 318y FDD «TDD

3 Cinar, H., Cibuk, M., & Balik H. H. (2012). History and Evaluation of Mobile Wimax. Bitlis Eren University,
Turkey.
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A et AN Apdlall GISHE e S alaa) e WIMAX A Cils
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G e JleeYl cilelad Caliad 23y J<iy Gappall Blaill ilead a6 Jie Lgldlaie
Dbanls dle ehly (KLY JS8 ccaay i daeSa s daafa Glauges Gling
AP

diali Cuay Ghliall Calide 8 dllady dlle 361 Jaad 4SLLY 4505 L) ()
clllial oty Bl ST Jola Gl Sl g€all o Jeusd el Unilly 31,80 288 Y
Oblsall Gars dga (e Adlia) cllladll G Jeliil) Jeud A0l it A (e asinl
U yshiall Clasll Joms ppasns Cum LAE dga e Vel Calida 8 deSall
daal) alaiiall e S i 8 papal)l Glaill Gled e dag sl sl Bhaliall
gsadll panldh ) (sann Lee cdln uibaloall Calite (g Lgalaainly Ledghais gilaads
Ll Gl & L el

Sle panall Glall Ll Glsieg 2012 ale YLD gl slasU Ay iy
e Bppaalls 3€ll Syl lawsall (gsine Jo Gaansal) laill slaiel of " alaisy)
G sl et AlSa) oy Poale S8 Aalils Jeall pa Bl S Slay) IS8 i
s LheliS salyy o aaall daugidly sprall Gl JUE) (8 eSS adinll

3 Siddiqui, M. A., Mithu, M. H. (2009, January). Broadband Wireless Access based on WiMAX Technology
With business analysis. BRAC University. Dhaka, Bangladesh.

*® Katz, Raul. (2012, April). Impact of Broadband on the Economy: Research to Date and Policy Issues .ITU-
Telecommunication Development Sector. Geneva.
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Fapal) Gl adl edal Lulie Unus L€ $lSals dadyal) ey deadall
GV ALaYL (K JS 8 syl WLAN dlaall ASLO il Calide (s WAN
daall lSady Aslull Cloil) o alise ae LedalSi dulSaly TP i) JsSgigsl lgaca
o Aesenal Tty il (K0 A6 oS @I Bl leaes DA 0o Ly il

37 Nottebohm, O., Manyika, J., Bughin, J., Chui, M., & Syed, A. R. (2012, January). Online and Upcoming: The
Internet’s Impact on Aspiring Countries. McKinsey & Company.

38 Qiang, C. Z. W., Rossotto, C. M., & Kimura, K. (2009, January). Economic Impacts of Broadband (chapter
3). World Bank, Information and Communications for Development. Washington, DC.
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P A report by the Broadband Commission Working Group on Education. (2013, January). Technology,
Broadband, and Education: Advancing the Education for All Agenda. ITU, UNESCO. Paris.
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i Gunasekaran, V., Harmantzis, F. C. (2005). Affordable Infrastructure for Deploying WiMAX Systems: Mesh
v. Non Mesh. Stevens Institute of Technology. USA.
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2 Telesystem Innovations Inc. (2010). Fundamentals of WiMAX: A Technology Primer. Canada.
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> WiMAX FORUM. LTE and WIMAX Comparison at a Glance. retrieved December 18,2014 from:
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Frequency Band : 3.5 GHz

Channel Bandwidth : 20 MHz FDD

Modulation and coding rates : QPSK (1/2, 3/4) , 16 QAM (1/2, 3/4), 64 QAM (2/3 , 3/4, 5/6 )

FR sectors/BS : 4 sectors
Standard : 802.16m-2011 (R2.0) Limited Mobility
Addressable Market : Residential & SME

Geographic Area : Urban, Suburban, Rural

Contention Ratio : (7:1) for Residential
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G aanall Slad) il e 43 < periiiveall dygiall dpuail) aodinin Gl
e Ll om o sl o (1 lad) LeBUS (g (a5 "l Y s 355
Cldiaall WIMAX S jide Ji

Ailia 7799 : g8 Gualeall dahia A Gullall ADSL dedd  ediiie 22e
posSsedlel 88 Lo iy adey
P 9a Gnaleal) dihie 8 Cplaiaadl WIMAX Sjide dae
S jidia 9748 = 1949 + 7799 = %25 + Caleal 3 Gallall ADSL eddise 22
el aline J8 (e 3hsmad) Claad) s 280 Dyl il e ol
WIMAX Syide J8 (e lealb & o) adsiall cleadl o jiimis clysw & ADSL

<l e o Gopaleal) dikia i gplain

Ll gl Slandl ol Caliz by e eh) 2iate (3 st WIMAX  Sies lasl 1(4.2) Jgidd

djidia 9748 = Galgall dihia i cplaiaal) WIMAX (S5ida 23
Speed ~ Percentage (as ADSL) ~ Subscribers
256 Kbps 22% 2145
512 Kbps 53 % 5167
1 Mbps 21 % 2048
2 Mbps 3% 293
4 Mbps 0.669 % 66
8 Mbps 0.267 % 27
16 Mbps 0.004 % 1
24 Mbps 0.0003 % 1
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IEEE 802.16 allall bl jladll (e 5,a¥) chlaadl G, WiIMAX 4l oK
O CSars GBS Slaadl 100 Mbps s Jeay bl J8 Jaxa (38a5 ()] (Release2
J8 e laaans 3 3l coldlaially il pall ay cllyy 43 cillaaddl 1 Gbps ) ey
"L IMT-Advanced dexial) KLU e L) Akl JOITU ey Ladll sl slasy)
@A L) i Jane G e IS cpliliie <5 Y o Ayl o34 Lo Ll
Lo i) bl Ji5 Jone dad alaiely liad N cigall cilind) b agde Jpmall (Say
sty caaball abiee & 355 L 335 (IEEE 802.16 (bl Jlxall e ISV o) 3
Al 8 aasied) 0ol Tag @lldg 20 MHz 5Ll (mje & 75 Mbps e

tdsad) ot LS lall Cdlial e dadiioall Fadpall clasgll Cabias Eua

72(1 W Je= WIMAX oS & ezl Lo U sl 1(5.2) Jaidd

Frequencies available for WiMAX deployment World-wide
Region Licensed Frequency Band
Canada 2.3/2.5 GHz 3.5/5 GHz

USA 1.5/2.3 GHz, 2.5/5 GHz
Central & South America 2.5/3.5 GHz, 3.5 GHz
Europe 3.5 GHz, 5 GHz
Middle East & Africa 3.5 GHz,5 GHz
Russia 2.3/2.5/3.5 GHz, 5 GHz
India 3.5 GHz
Asia Pacific 2.3/3.3/3.5 GHz 5 GHz
Un Licensed Frequency band: 2.4 GHz,5.15 GHz & 5.85 GHz

% Ghonge, M. M., Gupta, S. G. (2013, August). COMPARATIVE STUDY OF WLAN, WPAN, WIMAX
TECHNOLOGIES. International Journal of Research in Advent Technology (IJRAT). Vol. 1, No. 1, pp. 10-18.
69 Lokesh, .C., Nataraj, .K. R. (2012, December). Implementation of an OFDM FFT Kernel for WiMAX.
International Journal Of Computational Engineering Research. Vol. 2, Issue. 8, pp. 74-81.
Glhile 5l 802.16m bl Slmall U5 <2011/03/31 gty IEEE <l s 5SIY1 5 ol yeS)) uigad Gaallall dadaiall cailef 7
s Sle Caag ITU-R IMT-Advanced desiiall 481U cylaiy) dalail aaf il e «Wireless MAN-Advanced 4ie
http://standards.ieee.org/news/2011/80216m.html : 2015/02/02 &% IEEE
e Sl Glial sall oo (TU-R Zo gl 5l SYLaiV] and -YLaiS  J gall alad¥l J8 (e ladaat &5 Al Glieal sall 5 culallaial) 7
in deay Glly J8 Jaee Giiad ay cllliall o3 Gaa ey YLD ail i doadl dadail aalS AUl iad s Leliias
Sai¥) adse e LAY datia e AN Glasdl) Al 3 1Gbps ) deans dlle Cle s Al 55628 s 8 100Mbps
:2015/02/05 mlhy Cana jial ccs¥laidd gl
http://www.itu.int/net/newsroom/wrc/2012/reports/imt_advanced.aspx
2 White Paper: WiMAX Spectrum. (2004, November). RF spectrum utilization in WiMAX. Fujitsu.

75



topaleal dilaia b Ledle Jainall Cladl il (0 258 S0 Tag Uail) 4o -

Copeed = [ (sub x c)/cr] / 1024

HNGETEN

-

Aglhaall de pull 458 (389 alaill A 1 Cypeca
Gilad) (po dime A8 Cplaisal) (S yidal) 2ae @ sub
dslhall dxdl 458 ;¢

contention ratio (7 : 1) ¢ ¢,
POsSh adde
:256Kbps 454 (plaiaall (p€ il Al Ao U aUail) A -
Case =[ (2145 x 256) / (7:1)] / 1024
Cas¢ = 76.607 Mbps
:512Kbps 23y (pldiaall (€ ilall 4t AU AUail) dass —
Csi=[ (5167 x 512) / (7:1)] / 1024
Cs12=2369.071 Mbps
:1Mbps 434 Cplaiaall (€ el Aphil APl AUl daw —
Ci=[ (2048 x 1) / (7:1)]
C,=292.571 Mbps
:2Mbps 43y Cplaiaall (€ jidall ptl APl aUal) e —
C,=[(293x2)/(7:1)]
C, =283.714 Mbps
:4Mbps 434y Cplaiaall (€ el Aphl APl aUal) e —
Cy=[(66x4)/(7:1)]

C4=37.714 Mbps
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:8Mbps 434 Cplaiaall (€ el Aphil APl aUal) e —
Cs=[(27x8)/(7:1)]

Cs =30.857 Mbps

:16Mbps &k Guleiaall (€ bl Gk eI AUl Gass —
Cis=[ (1x16)/(7:1)]
Ci6= 16 Mbps

:24Mbps &k Guleiadl (€ bl Gkl Aa U AUl Gews —
Cu=[(1x24)/7:1)]

C24 =24 MbpS

el LU Laall KN el §gana = Cplaing) (S sadall Lo DU A Uail) dau

laal)
= Glal) Calida 335 o ialedl ‘ulmug Calainall S yidiall 40U 4K (,u_;.m P

C= Z Cspeed

C=Cp561Cs10+ C; +Cy+ C4 + Cg + Cy6 + Coq = 930.534 Mbps
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sy Al & caldinall €l Calide (e ledh adgiad) culewd) il G,
Al Al sass o (843 Lys A WIMAX 480l & 5l avaalll 8 alaill ciliual sl
i aleal) ddlaie dukaai] AU Aaclall chllaaall dae g chleUadl) dae g lad) Jga
: ) Jpanl) 8 (e 58 LS WIMAX

ool il (3 (rkesdtl WiMAX (S Gl plad) dnn 1(6.2) Jgad

Subscribers = 9748 , Contention ratio : (7:1) , Bandwidth : 20 MHz , NLOS

Percentage ‘ ) No. of Capacity per No. of
Speed (as ADSL) Subs Required Capacity Sectors Sector BS
Copecd/ 75 (75*Cipeca)/C No. S/4
256 Kbps 22 % 2145 76.607 Mbps 2> 6.174 Mbps
512 Kbps 53% 5167 369.071 Mbps 5> 29.746 Mbps
1 Mbps 21 % 2048 292.571 Mbps 4> 23.580 Mbps
2 Mbps 3% 293 83.714 Mbps 2> 6.747 Mbps
4 Mbps 0.669 % 66 37.714 Mbps 1> 3.039 Mbps !
8 Mbps 0.267 % 27 30.857 Mbps 1> 2.487 Mbps
16 Mbps 0.004 % 1 16 Mbps 1> 16 Mbps
24 Mbps 0.0003 % 1 24 Mbps 1> 24 Mbps
Total capacity: Y Cypeca 930.534 Mbps 13

Gl Glida WIMAX 4S8 3 Jeise jide 9748 coldl dlil aild (Jasd LS
Y e gl 13 s Apacls cillaae 4 ) 2l Lils <Ll adgiall e

O Aandly Jaine @ifia 2145 @il il FSY) o el ) 7 liag Cum
druy Jaine @jidie 5167 Cldla dgtl 5SY) e clelad 5 ) 2 liady 256Kbps 438
zad LS (IMbps Arasy Jaine &jidia 2048 apaail <Y1 e cilelad 4 5 <512Kbps
aaail FSY) e aals o Uady 2Mbps drws djidie 293 apaadl 5SYI e cpellad )
Leaf (8Mbps dawy jifia 27 apaaal J<YI e aaly g Uiy cdMbps dawe &ljisia 66
DY) Sy (16Mbps dasy Jaine aals idie apaddl €Y e aaly g lad ) o lias
:24Mbps A Jainae 2aly dljida ) dualy
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Gleladll 2oyt daphll Gudig bygw A cplasall SRR e e (Say
a5 Syide cililiiag aaal (s cullailad) Cabide ddaail 4 Laelill cillaadlly
Adilae J$ b cpldad) WIMAX
s & Culedll ADSL endiieal Jleay) aaall aly s Gole €5 LS, Gaa
Ay ¢ e Auadll deadll Claghe paen B 2014/11/18 b s ciide ll 462564
e Cua e Y D SV e JB el e el ol A8S Ga s
[67]:..~ - » “

2014/11/18 )b 5> bl 1S3 eladll ADSL (Sits s 1(7.2) Jgadd

Culxdl) ADSL (S jida 2 Adadlaal)
167020 e
69494 Ghiied iy
65556 Qs
45677 1D
30663 Cesha sk
26269 Uaen
24144 3les
12518 e gl
5538 SIS
4542 Al
3689 4,
3554 )
3087 le

813 3yl
462564 £ 3anal)
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AW 8 calaaall A58 Spude bl bl Ll Uil dew gt o aodii

sl ST (3 Cpkesl WIMAX  Siid 2l plad) daw 1(8.2) J9td]

A Jsaadl 8 e s LeS iy pudl cilladladl)

WIMAX L s—

Subscribers = 462564+25% = 578205 , Contention ratio : (7:1) , Bandwidth : 20 MHz , NLOS , LOS

ABzdlaalf

Oalaiaall (8 )

No. of

Subs Required Capacity Sectors No. of BS
Province ADSLA+25% (Sub*Crnunajrin)/Submuhajrin C/75 No. S/4
(hiad 167020+41755 208775 19929.445 Mbps 266 > 66 + 2s
el iy 69494+17373 86867 8292.233 Mbps 111> 27+ 3s
s 65556+16389 81945 7822.384 Mbps 105 > 26+ 1s
XN 45677+11419 57096 5450.325 Mbps 73> 18+ 1s
wushyh 30663+7666 38329 3658.846 Mbps 49 > 12+ 1s
Uaea 26269+6567 32836 3134.490 Mbps 42 > 10 + 2s
olaa 24144+6036 30180 2880.951 Mbps 39> 9+3s
PARYPVA| 12518+3129 15647 1493.646 Mbps 20> 5
BYSVIgTS 5538+1384 6922 660.766 Mbps 9> 2+ 1s
i<uall 4542+1135 5677 541.920 Mbps 8> 2
)l 3689+923 4612 440.256 Mbps 6> 1+2s
) 3554+889 4443 424.124 Mbps 6> 1+2s
Loy 3087+772 3859 368.376 Mbps 5> 1+1s
5 ylayisl) 813+204 1017 97.081 Mbps 2> 1 (2Sectors)
Total capacity: > C 55194.84 Mbps 736 184 BS

578205 bl dntil 43l Jaadl LS

o)) zlins Lld clgalla a8 yiall i) Ciliday Aailae JS b culainadl (S5l 2
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Aaadll 4y e (531 JUY) g5 wamd grmy il 585 LSy el gl Tady
Al Aalisally AglSly dlpenl) 436N, Adhaall daglall g dibie J$ & el
B! A8 el Gillaasy dbdlas JS 8 Shlid) Gasy s (gay dua Aibid)
iyl an el cillaaay (gAY Bhlidl (any st o)y (LOS il lad e
8 ) Jlaef il o20ad L e Talaie) @lldg (NLOS i Jad (y50 JlpY) Tasey
bl Caliad

ASud e 2t o) die JlacY) bl o il ) zrasdl) e (6 I
) pedll cllee o355 Cua 28l dabie e Aaje IS Play Lsw (& WIMAX
e dala Y saly s Ay Aaclall laadd) e 2PN dedl) daed) aaan ) daall)
o)y Syl Sy Glaaal) el o)l CallSS (it ) 5)s el (sagms Mg
(IS o pdall A (mid UL cbually Jay)lls

:lisSally pualinll Cilida o Sadl) Jaglyil) 4y gaunlly LBlaald) £5530) .6.2

s Glasilly # 8 apaaill Al Ll el ) dagdll o
s (8 Al liSay palic

e WS @Al jalie calisd goaally (haall gl el piay ia G
WIMAX 4Sus adind () slelye (a Cun o pualiall ol Calise (p  Sodl) Jaghil) 4307 ayaas
Gliladl € e 5000 Suay lpalie Calidal s ais Ll o laelis) )l
Ay hyaiaal Cpanmy IS pualial) Gl Cabide c Sall) Jag)ll 401 aat gy LS LA sd
sl gl Jla 8 Gelajinl o 5aill e bl o Bliall ey 5 24/7 deadl)
P Al 43 jealic a8 Lo dAlEe Eigan i Layly )

Lmll 38580 3 3 Ll (any (pe BILLY) aay Allay sy 7 il ppanatl Al Al y gl ) Jua sl &
Al ) Jeasill o3 Ll 5 .OTN backbone 4 ) 4 suall 4050 ¢ 5 805 «CCBS 3_isdll s Gl Ao & 5 e Jia cc¥Lai™
AS ) 3 Gpaiiall Sl 5 VLAY astige 0 230 ge Claala Bae ey da AN AL il 5K Calita g Sl aol 1)

81



P aaall] Ciliglay pualisc calidal gasadly gé‘\)ia.i\ g .1.6.2

lide wis (m B R el L) Jadll o A AL N s
e Aaadll sty cdyyend) cllaladl JolS Jadi Cuny ) A8l Gl Say palic

Al Ay 38y Ahaall apsill lal (3.2) by dsaad) Gan Cus e dabae JalS

Wy 3 WIMAX 3503 SUsSiay polial Bkl 65531 1(9.2) s

?“A‘Aﬂ

Al Al cligSally yualiad)
dae 8l claaal)
83 JSha . - -
S HSha Aard JSha | JA 3S) Aaloall ey Al By [y
Laiy) S yidial) PEIRA| BREQTRY
Al dCCs U?S)-‘g: NC.)Cs ):j . S LOS,NLOS
FMCs LOS
NLOS

3 1 10 1 8 1 67 3iad
2 ey 5 gy 90 3 28 (e iy
2 s 5 I 28 1 5 o1y gud)
2 s 5 s 19 1 2 ey
2 1 5 a1y 10 1 1 3 yhayusl)
2 1 5 2 oY 211 6 11 Uaes
2 ey 5 gy 45 2 10 olaa
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Al cligSag pmalie Cilida m Sedd) Bl .2.6.2

alie Calide o laad e Al Sl Lyl L L) sl o6

ol LS G e e 758 ananal (35 A0 s

Lad fane (385 Lonlal) Lpac ) ddasall e Aiilas O 8 Lpaclil) ldasall dayy gy -
(8-1) iy JSEN & (e ga LS (ASLWY Backhaul <Bbay (3uyh e LOS il

&) llailadll oy syl el of Alsdlas JS 8 Apulu) dac B Glasdl ayy gmn -
GRS Gl g il ol e ol ) Boed (3 VI NOC Al Jini S5
7 OTN igigall GLIY) 305 DA e ST o STM-4

rllailae 8 Lpulu) e ) claad) Jayy (gyag Cam
Al Jads e () (AI-ASadl= ol jarelea— la= 480U gl yla— s
s A ANOC2 (S
rellailas 8 dpulu! dae @) clhad) Ly gyaay

oY) Al Judn e ) (3haiilile jre ly pull- aea— Bhe Ciyym (i)
. (3ed 4320 A NOCI

G Abadll ae Alane JS b Cusy ccillitlad) oy Aeld Clbae S5 g -
Aase (ol pe cilbaadll oda (e JS Lagip (LOS ki bady oS 50 dilie o Ll
(Al Lo 8 dase Gph e ol dle IS8 L) ddaulid dpacls

Ly Legany pa ilag (35ed ine 8 SBs Jo¥) 38 Juad (385 Ty (ome -
byl i clle aDa 523 STM-1 day Fea Gl G e Ll
ol e (grag o dadd A Aiaiada Aliagll oda (sS5 Cuay (3 all (g Replication
.Redundancy blial Jayy Jad la 6K ¢3S el G daal) ity b (S

Al il e NOC2 llly NOCT JsY) A<l Jidis (53850 (o 3 IS Jayy gy -
g8 e Ciile oy i PlA e PDN 4kl @byl 450 & POP s
& S Ball 5Syy aals ayy had aladinl gy Eusy <100 Mbps 4e s Ethernet
53sase POP aalgill ddaii &5 o slelpe cany cllal) 038 8) JsY) Lasll Lalgia) dlla
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e e ple OsSes Bl sS ((NOC A0l Jili JSye pe (aall (i
el 228 100 m e Adleall mE Y o s POP aalgall ddasy ) (el

Alaad Nhe e Glilall 4S)a] ol Jaladl (PDN duih gl cnlila) 408 J<88 Cus
Jii (53 ) «CCs JLai) 3Shas FMCs Jlhae¥) 3)3) 3Shas CSOs (S sisial
Blda gl (3hes 8 NOCs 48l

NOCs 488l Juadii (583 e ¢( 380 80) CSO (S jidie dedd Kpe K Layy (2 -

Ol Alawls PDN 3% & POP Gl ae hapll 5pb oo s 5 3
sl Jla 8 (gAY plall bloal Lala) (45 Cuny E1(2Mbps) dxs Oy
s Y dandl e (I sl i Jla 8 ) sl

S Bley 8 NOCs A%2l) sl (5550 oo ¢( 3S1a 5) CC Jlstl 3800 IS by i -

base bl A idauly PDN ASud 3 POP il pe Lyl Gpb oo il
Jaladl aie Jalgia) 8y Jead ¢ddla) E1(2Mbps) 8))a <3*E1(2Mbps)

P o pile J (anl lpany ae dasedd) Juai¥) 381 dayy (g ya WS
3sas dla 8 3Shall oda (o ASall yya gyadl CE1(2Mbps) A 3yake <l
Shall aal 8 A ki ) Jaraa

Al Jait 535 ae o JSxe 30) FMC a8l Jlhael 58y 3S5e JS dayy gy -

Ol Aaulsy PDN ASud 3 POP il e Ja)ll 3k e cala ol (3 3 NOCs
(6 AY) 5l Llgia) Laalas) 5S5 Cuny (B1(2Mbps) daws (i sase

el bl cplin o PDN Ljsu & At gl) bl Jolis 08 56 Cam

oo b (Clam3ie) AN e e ST aag Cus Core A e s JY)

Cua POPs aalgll Llii o JSBI ¢3ally .STM-16 Agle Gl dign ol Leuany

Glilaal aren 8 POPs aalsill Llis (pa € axe Core 4Suill Sy JS ae Lasiy
76,3y ) guall

(8) &) Gala) kil ™
L (8 VL) g Un acd geali g o i PDN b o) clilal) 30 e < i) (2005 ) cLaidl &y ) gud) 4S50 7
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oy Ul 3 ol clgaliil oym ) Sal) T il 40T, ASal) 4] Sladl) gl Tad
Lo Sal) Loy elyom 8 WIMAX 3805 cilifas palie Calinal SUia ol (10.2)
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EllLink

STMW-1 Link

Fast Ethernet
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: WiIMAX 48 3Slaa 7.2

il Basms ¢l Cladae e 2ae lasly WIMAX 2S00 5laey duhall oda 8 Lid
LU L) 38l cilgal sas) aladinly «QoS

& VOIP 5 HTTP jiukai alaialy cla syl 4kl s8laall eha) (gya am

8 Aeadll Bagas oY) Claaae (e Ajliay LA Coagy 3y s Adaugie WIMAX lSad

¢ua LJoad Jeslly ctransmission delay ()l Laalil «throughput 4l Jie A

HTTP G aladinly laaaall oda Ajliey slial ) dag)¥) lasylinadl 8 gy

Gk alasinly Al 8 Ll Colaasall Aijliey Ha) A0 dagy V) cilasyyliadl  gymag
spbime JS 8 (S jitia) ilanay Apae il ilaad) de DAY Ty @llyg cVoIP

: 3lSlaal) 314

c=lin Ay Jaddl a8 Al g | ) alaaiuly liad 3Slaall o3a TN
Lsﬁ\ e ey 3l COPNET Modeler v14.5 (Optimized Network Engineering Tool)
LASLLOU g Sl S aaad) alad) bl 3lSlaa g dndal A deaddiial) Cilina )

LS (pSidia Cilhae 10 Lese JS by dpeld cillane 4 J5¥) spliaad) sy

IS5 Gshadipall S il Class e Ao liasy U gl 8 Ll (11.2) Sl b

G WS adidia daas 20 e JS dadiy el Gllaase 4 Wl muad doacld ddass

8 sl Aaeldll cilbsall 23e deloae GBI syl 8 gha Laad L(12.2) JSa

sl 3 om WS L (13.2) JSal (S fide cilaae 10 Lgie IS oy dpeld cilbass

IS by dels s 8 il sl (g AT 550 € i) cillae 230 33l Ll byl
(14.2) IS (S jidia ddana 30 Lgia
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| WiMAK |

Scenario_4BS_40SS Js¥! spled) 1(11.2) 2l

Scenario_4BS_80SS 3l sl 1(12.2) K2l
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Scenario_8BS_80SS Wl glid) 1(13.2) Kl

APPL WilA
- | 7@

Scenario_8BS_240SS s )l sludl 1(14.2) e
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THTTP (bl ae ciladaal) 4d)liay Ll .1.7.2

(e 488 8 (Delay — Throughput — Load) 433! classall e JS 43)lay Lol Lok
BS Locldll cllaaall e a2 e osbe S cally Ldahias claglin dayy) DA
Gllase G halg)ll (40 desanay (HTTP Gadal (335 Jazy addas ¢SS (S jidiall Cillasa
Calae) clile L ALY aatally dae il cillaadl (s Laelil) cillaadlly (4 iial

fohs ASll) Jae adatig 3ylaY AU
.(WiMAX Config - Profile Definition - Application Definition)

Gl gyyliand) (8 Lae ) cllasall st ga Al clalaey) (15.2) JRE Ga

Oms oS adall Glhad balde) gya ) @lalaey) (16.2) JSE (py LS day,Yl

cale lalae) (18.2) JS&N Gawms ¢Application Definition —ale &lalac) (17.2) JSA
csplian JS 4 AEl Jee 4) ol 53l WIMAX Config

E2 (Base Station_1) Attributes  © 0 T e e o iy
Type: 1r0uter
] Attribute Walue o]
|2 T Base Station_1 |
| =1 WiMAK Parameters
1 i Antenna Gain (dBi) 15 dBi
¥y = BS Parameters ()
Ies) i Maxdmum Number of 55 Nodes 100
@ # Received Power Tolerance (...}
i = CDMA Codes (.}
@ # Backoff Parameters (..}
@} # Mobility Parameters (..}
@ Channe! Cuality Averaging Parameter £47°18 |
53] i Mumber of Transmitters 5150
|2 i~ ASN Gateway IP Address Disabled
@} i DL AMC Profile Set Default DL Burst Profile Set
&3] L UL AMC Profile Set Default UL Burst Profile Set
:C‘:?} CQICH Perod Accept S5 Configured Value I
C‘:?} Reserved DL Subframe Capacity {1} No Reservation 1
@} L. Reserved UL Subframs Capacity {%} Mo Reservation L
C‘:?} =l Classifier Definitions (...} I|
i Mumber of Rows i )
| =l Row O
1 i Type of SAP IP
| @ Traffic Characteristics 3
&) i Service Class Mame Gold
C‘:?} MAC Address Auto Assigned |
@} Maedmum Transmission Power (W) 0.5
&3] L PHY Profile WirelessOFDMA 20 MHz
s3] L PHY Profile Type QFDM e
RN - | _>_1_|
I T I Adwvanced
(2 ] Eifter I Apply to selected objects
- I Exact match oK Earioel |
N ) = 4

HTTP Goss ro 20l llastl sls] 1(15.2) )
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=(8511}Aﬂmbuies E R = o=

Type: iworkstatlon "
[ Adtribite | value o=
o | SS_1_1
) trajectory NOMNE I
= WIMAX Parameters
@ b Antenna Gain (dBi} 1 dBi 1
@ =1 Classifier Definitions £
2 i Mumber of Rows 3
= Row 0
| [ i Type of SAP IP
“ @ = Traffic Characteristics [ Ft |
| B i Match Property IP TeS
” ® Match Condition Equals
lira] i Match Value Standard (2)
I RLE2] i Service Class Name Gold
M &3 b MAC Address Auto Assigned
@ Madimum Transmission Power (W) 05 =
572 PHY Profile WirelessOFDMA 20 MHz -
3] L PHY Profile Type QFDM
o Ei SS Parameters (59 ]
F i BS MAC Address Ciistance Based
@ = _Dowrl]ink Service Flows L ]
i Mumber of Rows 1
= Row 0 =
i3] i- Service Class Mame Gold -
= i~ Maodulation and Coding B4-QIAM 344 =
) i Awerage SDU Size {bytes) 1500 =
2] i Activity Idle Timer (seconds) 60 -
2] i- Buffer Size {bytes) 64 KB -
<] E _>!_J
I Adwvanced
& l Fiter I Apply to selected ohjects
I Exact match oK Cancel I

"
l.

HTTP o5 oo nS7sll ol wlslasl 1(16.2) IS8

E‘.D‘jﬁ—ﬂl_,- ! tes - Y - :
| Type: Iutﬁ‘f'_-’
| Attrbute Value ]
@ node_0 .
@ =l Application Definitions ()
i Number of Rows 1
= http_app
@ - Name hitp_app
III Desc:nptlon (..
& i Custom O
& Database Ot
& & Email ofF
@ -Fp Off
@ Hitp Image Browsing
& L Print Off
3] . Remote Login Off
. Video Conferencing Off
] L Voice Off i
1 MOS :
%) @ Voice Encoder Schemes All Schemes =
4] . _I--|
[ Advanced
@ | | r Apply to selected objects
[ Exact match el |

HTTP Gokes & Application Definition cile wlslas] 1(17.2) JQ&”.J\

90



.

(WiMAX_Config) Attributes

Type: | Lhilties
| Adtribute |‘u"a|ue |
& T i A Config
@ # AMC Profile Sets Definttions {.)
@ ¥ Contention Parameters {..)
€] Efficiency Mode Framing Module Enabled
(:‘:?} E MAL Service Class Definitions {.)
i Mumber of Rows 3
= Row O
&3 - Service Class Mame Gold
@ Scheduling Type ntPS
@ Madimum Sustained Traffic Rate b... 5 Mbps
)] Minimum Reserved Traffic Rate (bps) 1 Mbps
@ Maximum Latency (miliseconds) 30.0
i) L. Maxdmum Traffic Burst (bytes) 0
] i Traffic Priority Mot Lsed
@ L Unsalicited Poll Interval {milliseconds) Auto Calculated
I Row 1
# Row 2
% = OFDM PHY Profiles {.)
i Number of Rows 1
= Row O
& £ Profile Name WirelessOFDMA 20 MHz
i i Frame Duration {miliseconds) 5
&) . Symbol Duration (microseconds) 100.8
& i Number of Subcarmiers 2048
@ # Frame Structure ()
@ Duplexing Technigque TOD
& i TC Sublayer Overhead Factor 0.0 ]
(:‘:?} =l Frequency Band .}
6! Base Frequency {GHz) 35
) - Bandwidth (MHz) 20 e — _I_v_l
4| B
[T Advanced
D | Fiter I~ Applyto selected objects
I~ Exact match . lﬁgh’ Cancel I

HTTP o5 xo WiIMAX Config Cale lslie] 1(18.2) ISl

91




Al il e Jpmnll gy 3l e sad gl JS 8 sSaall Juiy Lidd

: Throughput 4y -1

Ay Slagylinad) (e IS 8 Al dase £y Hlial dags (19.2) JSA o)

DES Graphs IDES Parametric Studies | DES Run (1) Tables | Flow Analysis Graphs |

Results for: lCLlﬂ'El'ﬁ Project =
[ T B

#{7] Scanario_Voice_4B5_4055

ED Scenario_Voice_4BS_80SS5

ED Scenario_Voice_8BS_80SS

— Preview

WA Thraughput (hits/sec)

ED Scenario_Voice_8BS_16055
ED Scenario_Voice_8BS_24055
B Scenario_htp_4B5_40S5
@@ Scenario_http_4BS_B0SS
B Scenario_http_8B5_80SS
ED Scenario_http_8B5_16055
#{7 Scenario_http_8BS_24055

Show results: i Found in ary selected files

]

Amrangement: ! Default

[Ey Global Statistics

ﬂ{j L] Delay {sec)
'BD 1Y Load fpits/sec)
'3{:| l*] Load {packets/sec)

'B@ B Throughput (bits/sec)
FL0 Throughput {packets/sec)

Y

Kl

[~ Ignore Views

}

Unselect All |

25,000,000

15,000,000

10,000,000

5,000,000 -

— Presentation

Overlaid Statistics

B

[As1s

As Te’pa
I | Value
B2

Add

Show

HTTP edas {0l (3 any Y lagg i) (3 aor i) su &) liey L) s 1(19.2) Sl

LS HTTP Guki dlla b ZaliY) e o slaall Za (o LaaY

L Laxic s «SMbps s dualidl) el J5¥) gyl 3 4l LoDl JSall 8 el
Yy dass 80 raeail Coruall laiey S jidiall Cillase 230 32y U gLl b
L8 Caeall oty Lalidy) @)y a8 dpacls clhna 4 o o6 ddane 40 (1
syl 8 Gaclal) Glasd) axe 5ol L Lavie Wil WhaaYy .5V splindl e
«djidia dana 80 5 lana 4 (e Yy dpeld il 8 o] Canall laiay Gl
Aeld Cllasse 4 48 Leain) @A) S gl e DS Calias o) daluyl s
Lagiji ddase 240 moall (pSiidall Gllase axe il Ll Laie Lol ks LS




oe L Caaly G ke Jagale (S LaliY) Caaly 38 4e 8 cillass 8 e
LA gyl

: Delay w3l Ll -2

A V) Sl gylaad) (e JS A el el £laa s Hladl dam (20.2) JSE) G

=
Results Browser

DES Graphs |DES Parametic Studies | DES Run (1) Tables | Fow Analysis Graphs |

Results for: ICurl'erﬁ Project ;i — Preview

#{] Scenario_Vaice 4BS_405S :
ED Scenario_Voice_4BS
#{] Scenario_Vaics_8BS_BOSS
ED Scenario_Voice_8BS_16055
E{] Scenario_Voice_8BS_24055
+ Scenario_http_4BS_4055
Scenario_http_4BS_B0SS
Scenario_http_8BS_B0SS
Scenario_http_SBS_1605S ;
Scenario_http_8BS_24055
d

805S

-0 -0
RONME

Show results: I Found in any selected files _vj

Amangement: l Default .LI Edit ... i

i Delay (sec)

 Load ibits/zec) :
] Load {packets/sec) - | — Presentation
Throughput {bits/sec) . - o — B et
Y Thiotighpii {acicets s} lOverIald Statistics _V_i et
l'As P :] II..!\-all.ne

o of” .‘

[ lgnore Views Unselect All I Add | Show

HTTP 3ekes {3 2ap Y1 laog i) (3 anfl Ul 52 Ly Lol Gz 1(20.2) i)

Gin S glandl o (sl 5l saae o sSlad) e e LilaaY

idass 80 M (pSudad) clase axe Uy Ladie Jo¥) sl (e 58T iy 5l
solisdl e Ji eyl CIE glindl s iy JAgacls cilhas 4 e Ly
(jisie dass 80 e lhas 8 ) Aae ) Glaadll aae Lyy e Al J5Y)
iase 240 5 Aacll Gllas 8 dsas abll sl 8 ey il sl Gias

93



: Load Jasll -3

Ay V) il splisd) (e JS 8 Jaal) £laas laal) A olal (21.2) JSEN o

Results Browser

DES Graphs | DES Parametic Studies | DES Run (1) Tables | Flow Analysis Graphs |
Results for: ]CLII'I‘EI‘d Project | [ hesien
- E m_w IMTM_'WMA){-SCBD?NiD_'I’Tl‘lp_llEIS_flUSS-DES-’!
:D Scenario_Voice_4BS_4055 Wi s Losd (bﬂsfsecj
#{7] Scenario_Voice_4BS_80SS A
®{7] Scenaro_Yoice BBS_805S /V‘—#‘——WWWW-’V\'
®{] Scenario_Voice_8B5_16055 T
@] Scenario_ Voice_BAS_2405S B MTH Wi AX-Scenario_hitty: 455 B055-DES-
#{A Scenaro_http_4BS_4055 20,000,000 ik Stis R S o
#{A Scenaro_http_4BS_B0SS '
#{7 Scenaro_http_8BS_80SS o V)
:'_ :E:::::—xg—ggg—;iggg B MTH WWIMAX-Scenario_htty 8BS B0SS-DES-1
(R e =t _,j 20,000,000 iikd A X Load (bitsisec)
Show results: 1F0und in ary selected filss ﬂ 0 / =l SREREEY 2
] 7 - B IMTH_ A X-Scenatio_titt_SBS_240S5-DES-1
Arangement: | Defaut = Ed—“l WiIMEX Load (hitsises)
‘_] 20,000,000
o T T T T T
o o am B B 10m
sd bits/zec) |-
Load |packets/sec) — Presentation
Throughput (bits/sec) — IR
Throughput {packets/sec) IStacked Statistics Li = —_
‘As i _.'j ] Value
I lgnore Views Unselect Al Add | Show

HTTP Geda Al (3 dny, V) Slag )bl (3 Jadl 50 &)ley L) s (21.2) S

O edlel JSEl 3 seday LS Jeal) aaas o slSlaall dag (e LY

52l Liad Ladie J5Y) splidl e Ly Canall laiey B syyliad) 8 ol Jasl)
Al Glhaa 4 o o lay)y dhne 40 (o Y idana 80 ) (S idiall cillasa aae
Canall laiey CIE gy5ldl 8 Zpac Bl cilasall sae alyy Ll Lexie Ll LikaaY
solisd) e S Gabidy ) deall Gl cditie ddane 80 5 &acli Cllane 8 sl
el splidl 3 € S8 Jeall ) WS L4008 Cillans 4 438 Liaadiad (o3 )
e Gilase 8 ae i Adasa 240 uail (S jidiall Gilass 23e 33l Lied Ladie

94



:VolP é“.uhﬂ & i daaal) MJ&AJ BEvEY] 2.7.2

8y 4S04l & (Delay — Throughput — Load) 453Gl cilaasall e JS 45)lay Hlialy Liad
VOIP Gk ae (815 cag¥ 1 il gjliaaadl DA e g A

JSAN g ¢S adall Gllasal baldie) (i Al @lalaey) (22.2) JS&) Gan
O WS ¢yl IS 8 4S8l Jae 401 akiy 53 WIMAX Config <ale cilalac) (23.2)
Glaaall cald cilalacy) 45 Ly <Application Definition —ale Cilalae) (24.2) JSA)
L)l dac )

B ssaDamibies T T i e
i A o= = S

Twpe: ;workstation

J ;Pd'tribl_rte ;Value = !

el name R

@ i trajectony NOMNE |

| = WiMAX Parameters

| i Antenna Gain {dBi} -1 dEi

& =l Classifier Definitions )

L1 Mumber of Rows i

| = Row 0

i) i Type of SAP P

@ =i Traffic Charactenstics )

| i~ Match Property IP TaS

@ Match Condition Equals

@ L. Match Value Interactive Voice (5} —~—
i) i Service Class Mame Sold

| L MAC Address Auto Assigned =

@ Mzdmum Transmission Power (W) 0.5

& - PHY Profile WirslessOFDMA, 20 MHz

| - PHY Profile Type OFDM

@ = 55 Parameters (28]

@ BS MAC Address Distance Based

@ =l Downlink Service Flows ()

i Mumber of Rows |

| = Row O

@ Service Class Name Gold

| Modulation and Coding E4-0AM 344 |

| i Average SDU Size tbytes) 1500

;C‘:?:l Activity ldle Timer {seconds} &0 - |

| ] | 3

T T I~ Advanced
E i Filter v Spply to selected objects
I Bt QK I Cancel |

VoIP 3o o (pSiidl et Sslae] 1(22.2) ()

95



r' WIMAX. Contfig) Attributes = ="
|| Type: | Utiities |
|.P¢'trib|_rte |‘u"alue goad)
& T 1104 _Cortfig
T ® AMC Profile Sets Definitions [ |
%) ™ Contertion Parameters [ ]
B i Efficiency Mode Framing Module Enabled
@ = MAC Service Class Definitions [ )
i Mumber of Rows 3
= Row O
o i Service Class Name Gold
[ 3] Scheduling Twpe UGS
(&3] Mazdmum Sustained Traffic Rate b... 284 Kbps
2] Minimum Reserved Traffic Rate (bps) 384 Kbps
o Maximum Latency {milliseconds) 30.0
@ Maximum Traffic Burst {bytes) o
L) Traffic Priority Mot Used
@ i Unsolicited Poll Interval {milliseconds) Auto Calculsted
# Row 1
= Row 2
& = OFDM PHY Profiles (..}
i Mumber of Rows 1
= Row O
s i Profile Mame WirelessOFDMA 20 MHz
&3] L. Frame Duration {milliseconds} 5
&3] Symbol Duration {microseconds) 100.8
i) L. Mumber of Subcarmriers 2048
&3] # Frame Structure [ e}
@ Duplexing Technique TDD
2] i TC Sublayer Overhead Factor 0.0
53] =i Frequency Band .} =
&3] i- Base Frequency (GHz) 3.5
3] L. Bandwidth (MHz) 20 - |
T Advanced
| Fitter I~ Apply to selected objects
I Exact match ITI Cancel I

VOIP 35 &+ WiIMAX Config il <islis] 1(23.2) Sl

"8 (node 0) Atirbu

Type: Ithlet)’

PRI

| Attribute

@ I rode_0

@ 1=l Application Definitions

. Number of Rows
= voice_app
Name
1= Description

Remate Login
Video Corferencing
i Voice

F MOS
(%) @ Voice Encoder Schemes

| Value

{.)
1

voice_app

{.)

SRELERRT

PCM Quality Speech

All Schemes

Filter | ‘

I~ Advanced
[~ Apply to selected objects

oK I

Cancel |

VOIP (pkes & Application Definition ils =lslis) :(24.2) JQ’:J\

96



Al e Jaasll gas @l jde sad gline U8 3 slad) Jadn Loy W
i)

: Throughput 4y -1

ey ¥ Slasylisdl (e IS 8 LaliY) Alaes L) Aagis (25.2) JSE o

E Results Browser

| ——_g— - A
DES Graphs |DES Parametri Studies | DES Run {1) Tables | Flow Analysis Graphs |
Results for: | Cument Project _vJ | — Preview
& TTM WilMAX : B MTM_ M X-Scenario_Yaice_4B5_4055-DES-1
B T WA X-Sceniario_Yoice_4B5_BOSS-DES-1°
: f O MTH_ Wi S eenatio_Yoice 8BS S0S5-DES-1
Scenaro_Voice_4BS_80SS5 = = e e T
Seenario_Veice_8B5_8055 I hAThA_ bt Sceharlo_\fmce_EIiEIS_QéiDS-S DES-1
Scenario_Voice_8BS_16055 100,000,000 Witd&x Throughput (bitsfsec)
Secenario_Voice 8RS 24055 '
Scenario_http_4BS_4055 Sl
Scenario_http_4BS_80SS 50,000,000
Scenario_http_8B5_8055 N
Seenario_http_8BS_1605S Ll ‘
Scenario_http_8BS_2405S J 0000000
i EREER
- i 50,000,000
Show results: I Found in any selected files _vj 40,000,000
Arrangement: IDefault _vj Edit... 50,000,000 ]
= Global Statistics | 20,000,000 |
10,000,000
Delay {sac) 0 T T T T =
Load {bits/sech am “2m- 4m Bty am 10m
Load {packets/sec)
Throughput (its/sec) o -
Throughput {packets/sec) — Presentation -
IOVerIaid Statistics _v_] — Az ls’ parameters -
AI_i_I ]As s _v_] 1Parame‘.er:"-.-"alue
I lgriore Views Unsslect Al Add ] Show

VOIP Gades @l (3 2, V1 olagy i) (3 Gyl 502 )Ly Lt doms 1(25.2) K]

Laliy) of (VoIP Galsi Alla & Laliy) s o slSlad) dag iy

(& jidie dana 40 5 Agac 8 Glasa 4 Alla A 15Mbps sa cady J¥) syl
80 muall Coriall jlatay (pSyidall cildase ae 32l (SGN go)linall 8 Liad Ladie
ey AaliY) caaly 28 daeld Gillas 4 e oY)y dhas 40 e Yy ddass
Lac il cllaaall aae 30L5 Liad Lavie Ul ey 5. J¥) sl e Ly Casuall
80 5 cillane 4 (e Yy Apaels cillane 8 il Cheall laiey A gl
4 4 Lexdin) @A) S sli ol e 1S Calian o Aaliy) o iie ddass
240 ol Sl Gllasse dae il L Lavie Wl LY WS ield il

97



Ot ey Liale 0 daloY) coly 28 el Gllas 8 pe dadiyi ddass
90Mbps (e SST carlys G gyl e Lo Canas

: Delay w3l Ll -2

A V) g ylaad) (e JS A el palil £laa s Hladl dam (26.2) JSE) G

; b - : [ESEEaEl x )

DES Graphs IDES Parametric Studies | DES Run (1) Tables | Flow Ansiysis Graphs |

Results for: ICun‘erlt Project :_‘ — Preview
SR MTM WiMAX D

#4474 Scenaro_Voice 4B5_4055

#4F Scenaro_Voice 4B5_A0SS
#47 Scenario_Voice_8HS_80SS
#{7] Scenaro_Voice BBS_1605SS 016
#{7] Scenario_Voice_8BS_24058
#{7] Scenaro_http_4B5 4055 oid
=
i
E
i

#-{] Scenaro_http_4BS_BOSS e :
#{] Scenario_httn_BES_BOSS 012 P
#{7] Scenario_http_8BS_16053 - i

g
P

#-{7] Scenaro_http_BES 24055

Show results: I Found in any selected files

Amangement: I Default

B Global Statistics

0.02- T

Delay fsec) .00 = :_, — = _
Load (pits/sec) m o am Bm am 10
Load (packets/sec)

Throughput (bits/sec) :
Throughput {packets/sec) — Presentation
| Overlid Statistics ]

£|" ;

[~ lgnore Views Urselect Al I Add | Show

Iy s
Parameter| Value

VOIP Gedal Al (3 30 Y1 Sl led) 3 aal ol 302 ey o) s 1(26.2) S

Ol VoIP Gt Alla & il il saae o sSlad) dag cuy

Jale pliaa (i e ey 58l Jone Lsis gfia allly S J5¥1 i

AL B lasplid) g ST ey pal Gl gl Sia Ly alSlal
o jilie dans 80 pe Dllaae 8 () Apae @) llasdl) ae L) Laxie

98



: Load Jeal) -3

Aag¥) syl (e IS (8 Jeal) d3jliay sl dais olial (27.2) S8 (i

B3 Results Browser —

N o

DES Graphs | DES Parametic Studies | DES Run (1) Tables | Fow Analysis Graphs |

Resutts for: | Curent Project _:] | — Preview -
Y5l MTM WiMAX B MM _WIMAX-Scenaria_Yoice_4BS_4055.DES-|
. Seenario Voice 4BS 40SS B MTM M AR -Soenatio_voice 485 8055-DES-1
= i e B MTH_ VMM AX-Scenatio oice, BHS_B05S-DES-1
it % :cenaqo_:ofce_:gg_:ggg O MTH_ WM& ¥-Scenatia_Vaice_585_24053-DESA
B cenario_Voice_8B5_| : = o
#{7] Scenaro_Voics_BES_15055 o i i Vit Loadl (hitsisec)
®47 Scenario_Voice_BBS_24055 :
7] Scenario_htp 485 4055 30,000,000
& .I'D Scenario_http_4B5_8055 80,000,000
®{7] Scenaro_http_BES 8055 L
{7 Scenario_http_8B5_16055 70,000,000
A :-D Scenario_http_8BS_24055 __J 0,000,000
L : 50,000,000
Show resutts: ] Found in any selected files _:] 4t G000
Amangement: ]Default =] Edt... 30,000,000
- Global Statistics =] 20,000,000
i 110,000,000
: Dielay {sec) i T T T T T
- Load {pits/sec) Om 2m 4m Em. m 10m
Load |packets/sec)
Throughput (bits/sec) I 2
Throughput packets /sec) [~ Presentation -
| Overtaid Statistics |
o ||t
< of
[ lgnore Views Unselect Al | Add | Show

VOIP Gades @l (3 i, V1 Slagyy i) (3 Lokl 502 &5)laeg last) s 1(27.2) K2

ek LS VoIP Gudsi Alla 8 Jaall e o 3lSkaall dagis e LilaaY

splisdl e Ly Coaaall laiey S8 bl 8 o) Jesl o ooDlel IS0 3

Y15 ddane 40 (e Yy dhae 80 L) cpSsidad) Gillase 23e 305 Lid Laxie J4Y)

& Aacldll Glhaall 2ae 3abh Ld Laie

Ll sy 5 Al claas 4 o

LS el cillaas 4 48 Laddid @3 S0 gl e DS Caliay o1 Jeal
C'-"'Aﬂ eSytdal)l llase e 32l Liad Ledie @U\ syliudl ‘;A S IS Jaall

Aoacld ldass 8 @Lﬁ)ﬁ&u240

99



¢VOIP 5 HTTP sl duwally il golinndl 288 Jle 5\Slaall daii (o Lilaa

On Bsale S8 @iglsn ) (Sly candail) Cp el JSAN Cum e Caplis il

el sasag o0V Cladsa (pe adme IS0 Al oyl JS ol o kel o S
.(Delay — Throughput — Load) Wi g)a Al

i ¢ splian IS Jal (e cpalail] o ol CdliRly i) ol e JaS

ki e JS pe bl sl adl 8 ADEN Cilaasall e 23ne JS 3lS1ae il L L

Cua o jidia ddana 240 5 AaclE Clasa 8 (o gyliand) 13 Gally Gus VOIP s HTTP
. fidie ddane 30 duac 8 ddasa U dasi

daly) -1
Oiadaill Al )l spliad) & Laliy) aame o slSladl) dag cy
Al Aaliy) o (St claney Gpe @l Slhadl Glivalsdly bs il iy

Eia VoIP Gudii ae LIS ¢y e culy ey 25Mbps s caals HTTP (ks
Ll (28.2) IS 8 a2 LS .90Mbps (e ST cialy

Results Browser S=nie X
DES Graphs |DES Parametric Studies | DES Run {1) Tables | Flow Anaiysis Graphs |
Results for: | Cument Project _:j — Preview -
EFC MTM Witiax B MTM_ WA K- Scenario_hitn_885_24055-DES-1
#{] Scenario_Voice_4B5_4055 B MTIA_ AR Scenarin_nice_BHS_24055-DES-
#{7] Scenario_Voice_4BS_80SS : WIMAK Throughput (bits/sec)
#{] Scenaro_Voice_BBS_8055 LR
#{7] Scenario_Woice_8BS_16055 Q0,000,000
#{F Scenario_Voice SRS 24055 '
®-{7] Scenaro_http_4BS_405S 50,000,000
®{] Scenaro_http_4BS_B0SS =
#{7] Scenario_http_2ES._20SS AR
= I-D Scenano_http_8BS_16055 f0,000,000
@] Scenario_http_8BS_ 24055 -
:J 50,000,000
I T 40,000,000
Show results: ] Found in any selected files _:J :
30,000,000
Amangement: ]Default :j Edit... -
20,000,000 f\
-~ Global Statistics =] AL SN\ D
3 10 ,DDD,_DEIU
3 — : . , .
Delay sec) Om 2m am B =] 10m
ay (sec
Load bits/sec) |
Load {packetzzec) | — Presentation -
1= Throughput {bits/sec) - — i .
Throughput {packets/sec) ]Overlald Statistics _V_] 2 .
]As I :_i |Parameteri"u"aiue
[ lgnore Views Unselect All Add ] Show

VoIP s HTTP ki o IS e ml}l sl (3 Yl 5u2 )ling sl Bms 1(28.2) )

100




Tl bl spbindl 8 el el s o slSlaall dag el
(45 VOIP Gk Alla b 41 J8l HTTP Gk Alla 3 sl sl of ¢pdpdall
JI B e ga LS L oS dal) cillana g Apae ) cilasall chliial gally Jag pall (uds

Results Browser

2l (29.2)

o | B

DES Graphs |DES Parametrc Studies | DES Rur (1) Tables | Fow Anslysis Graphs |

Results far: ICun'ent Project :_! — Preview
=ELIN MTM WiMax

#{] Scenario_Voice_4B5_4055
Scenaro_Voice_4BS_80SS5

Secenario_Voice_BBS_2055

Scenario_Voice_8BS_16055

Scenario_Voice_8BS_24055

Scenario_http_4B5_4055

Scenario_http_4BS_80SS

Scenario_http_8B5_80S5

E
i
3
i
=
E
[
3
[

Scenario_http_8B5_180S5

Scenaro_http_8BS5_240S55

Show results: I Found in any selected files

Amangement: l Default

Delay {sec)
Load {bits/sec)

Load {packets sec)
Throughput fits/sech

— Presentation

Throughput {packetzsec)

| Overlid Statistics

|25

Be

=

Parameter| Value

Unselect Al |

[ lanore Views

VoIP 3 HTTP s o IS a0 )l syliond) (3 ol ol 502 )y Lo B 1(29.2) IS8

101



: Jeall -3

el Bailly bl sjliaad) 8 Jead) sase o 318l A <kl

(i (385 VOIP Gadsi Alla 8 4ie Jil Laf OIS HTTP kst Alla & Jeall (f

JU A e s WS LSl by dpaeld) cilaaall liialgally dag il
2Ll (30.2)

Results Browser (=] B

DES Graphs !DES Parametric Studiesl DES Run (1) Tadesg Flow Analysis Graphs

Results for: | Cument Project _:j — Preview

BT s S it 555 2405S.DES
#{] Scenario_Voice_4B5_4055 ) : WIMAK Load (hitsizec)
#{7] Scenario_Voice_4B5_80S5 i

#{7] Seenario_Voice_BBS_80SS

E{j Scenario_Voice_8B5_16055

EQ] Scenario_Voice_8BS_24055

WAL s S N\

#{] Scenario_http_4BS_40SS
E{j Scenario_http_4BS_80S55
#-{] Scenario_http_BES_80SS
E{j Scenario_http_8B5_16055

B S RG-S B MTH_AIMAX. Ecenatin_Voice 8BS 24055 DES1
(WA Load (itsisec)

Show resufts: I Found in any selected files __:_l

Amangement: I Default

El-7 Global Statistics

Delay (sec)

Load {bits/sec)
Load {packets/zec) _ Presntation
Throughput {its/sec)
Throughpt {packets/sec) | Stacked Statistics =]

| i‘“*5|3 .ll ]Palameteri\-"alue
K ,l—! [ I

I lgriore Views Unselect Al Add l Show l

VoIP s HTTP i o IS e wl )l sl (3 Jodl 302 2)lieg sl B 1(30.2) S

102



169 pdall LalaBY) (g gand) ;s 8.2

G ) Al Clialsdd Wy Clsin ued DA o piall Lol goaal) Ay ot
Gl el Ge 389w ccplaind) 431 S 23] gs el g0l 8 lhagaas
CObeud) Gl Calidg e pandiill

& ey el clsiadl BA ALY Gdla Gluaa) uhall o3 4l 8 gy
Aplai®Y) Talll e gane gapdall o SE NPV gl dlall dlall dagl) s
%10 oy arad Jare e lalaic]

it (xSl Jsaadl e oy cdpalai®ll guandl duly (& e
Cun Bile i) papdall e laie Apléna) Aspall o ggmdall Jabe 23S an)
D Al Ll gy - Bhied Aae JalS A aadl) Hdg IV ) DA e
Lol (3t paneh G Lid) B gyays Apgiall Ailaidl elSy Lenyy (3ded b dexdl)
Al i g Anbll Al 8 (sl ans) Lpsw (e (augll ddlaiall Jadil
Gillailae b dexdll g Ausalall didl 3 gymag cushaylay AEDU); s cilliilae & L
gapdall Sty enasi (gia A Sa3ll Joand) (B8 llag (A8)ll5 ASually H3l
tsedll il DA WIMAX 48 3 Galdinall (S iiall aae (36 lile S3Le (385 4e
%25 + (3dad & Gallall ADSL cexdiias a2e 1 JsY) &
%25 + (3hardll-le jome oy pudl— (353 Loy (38ed) 3 ADSL (ceddficee dae 40l dall
%25 + (Qlalolea— jaca—iy giall Ashidlsledy)s (3d) (& ADSL  ediiine 12AIG dand)
—Cala- Clalolea— aea—iysial) dilaiall-lgiyy; (35e)) & ADSL eddiee tdaghll dil)
%25 + (a3
b dihid-dygal) dihidi-leayy 3hed) B ADSL ediiise thasldll L)
%25 + (A I-4Suall- g3l

& Olaill ADSL eddius 22 gy Ml lyle il (7.2) Jsaall g agles
ol LS dadl) gl (PIA cpleinall WIMAX (S e 35S edgysul cillailaall Calidg

gl oo o Sl i IO (plazt) WIMAX S 1(10.2) Jgud

Potential gt
Subs in 5 Jaldl) ) dagyl) dau) Qa4 A A A Al
Y
ears 578205 560994 383624 316165 208775
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o e Jily (ADSL @ilasd e e ST e Tdlle WIMAX cilesd aisi (gya

3G caleda

b s 4 daadll et o (pSatal) aadl Ciagay g pliall 138 (b piaia

TH11.2) Jsaall A e s WS (lygu (8 AN ADSL @iladd jau (udiy WIMAX Glexa

OsSen BMED Al 8 f oot JS Gl il JS015% Apay land) (il i
AT (mas dlia (o L Zusalall daud) oy Jf (mas clla

Wse GADSL b oo Blad) 2y e cipyl aads jeurl 1(11.2) Joudd

Ao 4ad (o) B Gad) Y

256Kbps 800

512Kbps 1000
1Mbps 1600
2Mbps 2800
4Mbps 5000
8Mbps 9500
16Mbps 17000
24Mbps 25000

(Biad Jlae V15 aY Mad) sgaadl VLAY S 355 1) Joa b jualae (2012) .ok ¢ Sagse 7
1 30/11/2014 iy Cias i) 11/9/2014 (e T lic) ADSL <iledad saaall 5 jemal) VLD 4y gudl 4 50 78
http://www.ste.gov.sy/index.php?d=8&id=159
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Rl Agll allial asly 5yl wddi as 4B dad ) A Ll Alaud ) oSl b
LA S Giid)l Glanas coleUailly doae @) cillasall 4885 Load Laly (AN cileaal
7 \ewS g Anae ) lanall javaid) ) latied 445, s il

ity (11008 Jsa g lhad IS5 ¢105008 s saslsl) dpac Bl dasal) 465 315 Cua
s> outdoor CPE 4 Al dlasally <1558 sa indoor CPE 4ualall o jilial) ddass 44ISH
lede Dlass (sl et JS 15% Aty (i Cilpgaill o3 Jland of it Cus 50,8260
ST 4usalal) Ladly 20 2l 5 mids
sl Layla CPE Cligad S5 (gyamm (pdl) i) of Auball o383 yoieis
Isaaiing of Say JIY) Claadly (S 5l 3Ly dMbps (e bliie) Adlad) clandl Silia o
A2l CPE g
T 8 padh as dexdieall Caafill Jilie dysie A4S Ll Alal) Calisall iy
crilasall psals (BleYls dleall Jlie CallSs Ll bday ASual clorad Al Aiggl) bl
Asluall Caiss
Ading Can cpilagall gals Llaally (DleYly Aol Callssl dually 236 o 2ap Y
Auhal) sda A agiin Al Glriall A58 Aaglie) o olal¥) abee 8 cl) s3a sl
PR g piall Ay )l) 3y Al (4585 Cumy ol 238 puiasy
psi I (s 3 WIMAX 383 iy a5 dadyl aane jau Wl aag ¥
gopiall 18 & WIMAX 38a8 Jaadiis S5l A00Y) dad )l e dyjliay Auall oda b
(MTN 5 Jipe) Glall clVLa) €50 J8 e lgxdy n Gl A8la) das il G,
iy by A GSM ASud Jadiy sl
aadieal) Ul mje (50 1 MHz JSI Y50 600000 -
i) 3Ll (ase e 1 MHz JSU Y53 50000 -

Gllasdl aaddll G jlaiiul Qi (MTN 5 i) Loses (& dpladl @VLaiV) 8 50 Leadas ) dllaal) a4, )lae 7
JAaaclal)
g0 LTE/WiIMAX2.3, 2.5, 3.3, 3.5, 3.6 GHz International Price List. (2014). Telrad. Retrived on 1/12/2014 from:
http://www.crystalcomltd.com/pricing/dir-tso-2664/Telrad Price List.pdf
8l Smura, Timo. (2006, March). Techno-economic analysis of telecom investment projects. Helsinki
University of Technology. Finland
5 i aes 1) VLAY S 55 e Gl Lgrds aly 3 &lsall aoe B jlie claa 5l 4y e AS0S) clandd dadalill Ayl 2
lan Al sald g Alaiy) Aad I Jise MTN
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Price-15% in YR3&YRS5
MB/month

Price-15% in YR3& YRS
MB/month

256Kbps,512Kbps ey chesst) (SRall n Olgis s IV g2l l5] 1(12.2) Jgudd

) i (uad A <l )
E D C B A
Al ) dag)yl) Ao A s agsuy A )
Oslainall S yidall
578205 560994 383624 316165 208775
BW-256K
~22% Yo S yidiall
127205 123419 84398 69557 45931 22])
578 680 680 800 800 e/ el
1000 1000 1000 1000 1000 Jraaill aaa
73,524,490 83,924,920 57,390,640 55,645,600 36,744,800 el 3l Y
882,293,880 1,007,099,040 688,687,680 667,747,200 440,937,600 5} 21 1Y)
BW-512K
~53% Yo S yidiall
306449 297327 203321 167568 110651 2=l
723 850 850 1000 1000 e/ )
2000 2000 2000 2000 2000 Jraill aaa
221,562,627 252,727,950 172,822,850 167,568,000 110,651,000 el 3l Y
2,658,751,524 3,032,735,400 2,073,874,200 2,010,816,000 1,327,812,000 G Sl 31 )
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Price-15% in YR3&YRS5

MB/month

Price-15% in YR3&YRS

MB/month

IMbps,2Mbps ledlly (nlazst) (SRAL e i i M= g 9,000 51) 1(13.2) gkl

<)y

Csbaiaall 58 idal

BW-1IM

% oS sidall

A=)

26/ )

M‘?@A

4)@.&]\ Ay

s s 30 )

BW-2M

% oS il

Al

26/ el

M‘?@A

el al )

Gl sl uad JSA
E D c B A
Aalal) Al daglyl) L) AN s gl 4w A A
578205 560994 383624 316165 208775
~21%
121424 117809 80562 66395 43843
1156 1360 1360 1600 1600
5000 5000 5000 5000 5000
140,366,144 160,220,240 109,564,320 106,232,000 70,148,800
1,684,393,728 1,922,642,880 1,314,771,840 1,274,784,000 841,785,600
~3%
17347 16830 11509 9485 6264
2023 2380 2380 2800 2800
8000 8000 8000 8000 8000
35,092,981 40,055,400 27,391,420 26,558,000 17,539,200
421,115,772 480,664,800 328,697,040 318,696,000 210,470,400

& Shead) 31 )
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Price-15% in YR3&YRS

MB/month

Price-15% in YR3& YRS

MB/month

4Mbps,8Mbps ledlly (alazst) (SRAL e Dlga i M g9 all 1) 1(14.2) ikl

& gl uad JA <l Y
E D C B A
dwalAl) A3 Qo)) ) a0 gl 4w A Al
Csbaiaall 58 idal
578205 560994 383624 316165 208775

BW-4M

~0.669% %o (S sidall

3869 3754 2567 2116 1397 222l
3613 4250 4250 5000 5000 e/ )
12000 12000 12000 12000 12000 dranil) paa
13,978,697 15,954,500 10,909,750 10,580,000 6,985,000 @ el 3l Y
167,744,364 191,454,000 130,917,000 126,960,000 83,820,000 S} 3 1Y)
BW-8§M

~0.267% %o (S sidall

1544 1498 1025 845 558 222l
6864 8075 8075 9500 9500 e/ )
Un limited Un limited Un limited Un limited Un limited BIVENPEEN
10,598,016 12,096,350 8,276,875 8,027,500 5,301,000 sl Al )
127,176,192 145,156,200 99,322,500 96,330,000 63,612,000 sl 21
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Price-15% in YR3& YRS
MB/month

Price-15% in YR3& YRS
MB/month

16Mbps,24Mbps ledlly (plazst) (SREL e lgar i M= g 9,200 510) 1(15.2) Jgakd

& gl uad DA <l gy
E D C B A
Lsalill) Ay dagh ) Ll Ao A A A . 3
Cslainall ()5S Jidal
578205 560994 383624 316165 208775

BW-16M

~0.004% %o S yidiall

24 23 16 13 9 22))
12283 14450 14450 17000 17000 5/ sl
Un limited Un limited Un limited Un limited Un limited Jrenill aas
294792 332350 231200 221000 153000 @ el ol LY
3,537,504 3,988,200 2,774,400 2,652,000 1,836,000 & siaal) ) )
BW-24M

~0.0003% % S yidiall

2 2 2 1 1 22))
18063 21250 21250 25000 25000 e/ sl
Un limited Un limited Un limited Un limited Un limited Jrenill aas
36126 42500 42500 25000 25000 @ el ol LY
433,512 510,000 510,000 300,000 300,000 G siead) 21y
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> (subs*BW)/75/c,

11008$ - 15% each 2YTs
(1100,935,795)$

S.No/4

105009 - 15% each 2Yrs
(10500,8925,7587)$%

1000$ / BS

200000 S.P / BS

155% - 15% each
2Yrs(155,132,112)$

260$ - 15% each
2Yrs(260,221,188)$

& 9 181 QKT aa Ay ldally
L A 55l 8 CCBS

Sl i PO g9 2l AT IS 1 (16.2) Jgudd

&) gl (uad JMA aatll
E D C B A
EOPRE S| dag)yl) ) aany A0 s AN A CAPEX
USD =150S.P
0 0 0 0 1800000000 Aty Lad
708 687 471 390 258 el axe
84,429,000 9,6351,750 66,057,750 64,350,000 42,570,000 cile Uadl) 4813
177 172 118 98 65 Aaclall cildasl) dac
201,434,850 230,265,000 157,972,500 154,350,000 102,375,000 BS cillaaal) 44l<
26,550,000 25,800,000 17,700,000 14,700,000 9,750,000 s i) 481y
35,400,000 34,400,000 23,600,000 19,600,000 13,000,000 Ol jlaiia) A8
200,000,000 250,000,000 250,000,000 250,000,000 200,000,000 i) grsal)
’L.u”)ﬁ%l msaj)é,am4Mbps u,a:usﬂoutdoordﬂauumﬁp‘ngsuéd\u\@@}é@d\&w\mdsgg@ﬁm: o il eillaas
(S sidad) e (10 %99 dauis 2 5) AMbps < J8Y) <lidll indoor Classe anadd s (0 bl Ja) (e -
17038 175596 66784 106316 206687 Indoor CPEs
286,238,400 3,476,800,800 1,322,323,200 2,471,847,000 4,805,472,750 Indoor A4l
173 1774 675 1074 2088 Outdoor CPEs
4,878,600 58,808,100 22,376,250 41,886,000 81,432,000 Outdoor 4l
o A E e A, IS
150,000,000 150,000,000 200,000,000 200,000,000 200,000,000 L Jayl g 1)
NOCs,CSOs,FMCs,CCs
988,930,850 4,322,425,650 2,060,029,700 3,216,733,000 7,254,599,750 Allandd ) sty e
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1 employee / 600 line
35000 S.P/month

BS CAPEX=BSs costtsectors
cost+installation

Slgir i P g g all dlrad) IS 1(17.2) gkl

&) gl (el DA Al
E D C B A
EORE S| dag)yl) ) aa L A8 s A A OPEX
USD =150S.P
150,000,000 150,000,000 150,000,000 150,000,000 150,000,000 AL claa 3 ) sal
963 934 639 526 347 Cpdls gall
404,460,000 392,280,000 268,380,000 220,920,000 145,740,000 Caili gal) 52
1% 1% 2% 2% 2% eyl g dle )
2% of gross revenue in
59,454,464 67,842,505 92,791,093 89,965,704 59,411,472 YR1 dropping to 1 in Y4,5
&) jugadl) Juids g Alua
31,241,385 35,241,675 24,173,025 23,340,000 15,469,500 10% / YR of BS CAPEX
il g Jagdadsl)
164,528,160 161,744,496 109,165,992 89,965,704 59,411,472

2% / YR of gross revenue
704,610,314 713,206,685 628,135,211 574,191,408 430,032,444 dgladal cadlsaty PN
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@ jidie U< oY)l e S P

CAPEX + OPEX

Total revenue-Total
CAPEX-Total OPEX

fnadt) Dlgrad) Dt ¢ g aall Sl Sl 1(18.2) gk

5,945,446,476 6,784,250,520 4,639,554,660 4,498,285,200 2,970,573,600 <l ) (Alaa)
856.88272198 1007.77229 1007.8346438 1185.637563 1185.715723 ARPU
fmadt) Olgand) Dt 6 al) IS JLar) 1(19.2) Jgudd
1,693,541,164 5,035,632,335 2,688,164,911 3,790,924,408 7,684,632,194 il Jlaa)
g ariadd 2L i) dedlly dhend) wlsdh I L2 A 1(20.2) Jpud
4,251,905,312 1,748,618,185 1,951,389,749 707,360,792 -4,714,058,594 Cash Flow
10% Rate
NPV
3,865,368,465.45 1,589,652,895.45 1,773,990,680.91 643,055,265.45 -4,285,507,812.73 NPV/YR
Aalall Al dadll (1,599,624,304.39 NPV

ala) pama gg i) (o Sixy a5 cange A8y sa JSS £ 3iall NPV dilal) dllal) dadll ol o Jaadls
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paliall 22ag g5 piiall ddlly AplaY) Culsall dphass Glacay g pdiall Jae JalSS b aguds
a2ty € fidall CHLadll aii \giega <3S 5e 80 Wadaes CSOs (Ssidall 4022 She 1,
Jael 33 Shas Agslaall Glassll o aglpany Sakall Jaandl 2ol Dl
palic 288 Alually Jsiilly Gl Jleef Aagtie Lgiegs 13850 30 laaae s FMCs 4wl
S idall Gldain) 4 e LY g ¢ Sl 5 bae s CC JhaVl Sl a0l
Al Clypeadll pabainl Jduadll 138 (8 g WS Lmaall JSAIL Legeasi sale s agililag
Apsall Qe Gada gaaally Ahrall Leejs 488 AWl alie Go paie K
Jall 8 St Tl ol G A pealics shal A o Sl Wbl 58 gns
O Sl byl o~ pidall ¢ piall 84S0 lSye] daiay (o () il (385 i)
GAY! sualiall (KLl gl ey o€ idiall Cillane pay Lin Lo e Gl cillaadl)
G Gk e Sl PDN Aghgll bl dolg 4Sus DA (e Bagal) cblall Gyl e
8 Agae )l ) Jayy gy s LOTN il A all LY 308 DA (g A gucal
LOS ki Jady Alsdlad) ¢l 8 Gpulu) el Gl of Aol pe ddsdlas JS
ol 3yl oo NOC 482l Jia i 53S0 we Gl ) 40 clal) Aaadl L Ly
Cuyl Qs ae NOCs ASulll Jslli (53850 oo S by gy Ailin Aoy Jipa
JUac) 5y 3Shes cpSiiiall cledd 3She aes Jagy gy LS LA Cileadly danlidl)
oe s g Bhed e Al Jadi g3S5e ) ccallailaall A8 & JLaY) S
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Jiii 585 Bayy s -Aihasll byl Jols 4Sud ae 8ya5e E1(2Mbps) <ihly 3k
STM- Az hayy i P (e (el Legiany pe lag (Bhed Jae (0 JS 8 AS00)
Loy WS L op3Soall o clilall Jols clilasd (lanadd . a3 Lliia) Laaaald <1(155Mbps)
(FastEthernet10/100 ilw Layy ad DA (e POP aalg ddati agl pa 03S5all (e JS
Al jealic s el LS Lyl s U3 pag syas - 5AN Lalsial) Laaaal

Cim Ly & WIMAX alad cllliag daw ) 3plaill Joadl) 138 8 (o5a LS
(el Aae = caleall dslaig Adaanl AP duac lal) illaaally cile Uasl) axe Qs (g)a
axe s ac ) cllaaall ae aaat gy WS L cplainal) (S idall (e dase 2ae dandl) oyl
lealls o giall el clid il Galaiaall (S jiiiall A8S1 Aol el da DU cle Uil
Pl e WIMAX 4503 38l el g WS LAy eud) cllilaall (e ddailae JS 8
LaliY) 2aae A5)liey LAl iy VOIP 5 HTTP Rulsd aladinly clagylisw dsla
LKA AT PR alasiul load Jeally ctransmission delay a3l alill cthroughput
O ol ol 3aada g Cus .OPNET modeler vI4.5 44 yeall 4803y dSL)
came JS1 Al il spyliad) apen & (pidall

G o Dt Gt P gl Lol goaall A eha) Lad n

oy cDlginll aeady A JS Glandl @l ABS pldaadl S jladl e Gl Gludal

& (s el Clgindl PIA il Slady ) bl ddleull Callsll Glual

clS lly dlall Al dedll 7l ) Yseas din S 8 2 LY il luial (gia
v DL Lalead) ame gyl o o AN (linge Gad
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A pamge Jolil and 8 A Aliid) cluball Ty Luball oda JSi8 of (S
D Ciagy Wy (A VLD ol diad) bl e ol cplagi S clgidagis WIMAX
i) e SLOU Mal cilexs
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JSlie (e 8K da e LD )l Jaad) s gaa) & WIMAX 4 (1
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: Jie sl Ll Lmas A e I3 e s A8 Uil e
Ala 5 100Mbps a doay bl Jal e Jue g o s -
Al Gllaaall Ala 8 1Gbps ) deay of oS5 alitiall cilasdll
g lad Joay o (Sar Can (7850 Kim?) () doatd Ry ilalina Fudasss 431S) -
Juoyl Ala & dacldl) dasall e 21y 50 Km ddlas 1) WIMAX 5L
LOS s sy
Bies At Ay ) dalall aaed Dl cilla) 26SE) Cuins Alaly Sl Aepe -
gally gl (e LI Qi ) D a il DL (e

el LGl 5l L5 gn b lgida il Aadlal) ciluidil) (e WIMAX A iad (2

Ggpanl) Ghbid) alie b il Sl AL Lelaas U Al el e el

3 Gl oSS Lype B L Cum Al Gl B e Ryl

AL ) e aay Al Glgy ey Jlis (e Asaall Ahaall (bl

adl ains A agally B o HASH e o Al ()5S L) Jsemnsl Apai
Agsadl GalyYls el alise 8 WIMAX ASud Jsiis <S5 Saal) (1

& W Basagll Uaill (mpe Maall L (e Wyl o8 (edlie WIMAX 456 el (3

P bysa

Ol o g)d Cua e DSL byl il Jad A o Al o2 30 -
& Lasas DSL 4l lam Sy J<5 of oSy ccbilll Jad e Jass
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Coall e O Al Al Aghiall bl @ld shludly Gyl
el AL lSual) Jlay Tas CalSall

CVlae Gun e Wi-Fi ASLOU eV La) 4 e WIMAX 4§ 8% -
dahidl Gld gl gan) WIMAX Jid i olblall Ji Janey ksl
g1 aal Jidh 3 WiiFi 406 e Sy Casd g3 (WMAN 4SLOU) L0y
Jeasll dlia (655 sadll el el 1y GWLAN AL ddadll el
O cdga (e Ol S & 8ydiial) Wi-Fi SLOU) lSadl) udla (g Lol
Al dga e Cu ) GlKady GIKLEN p2a

& FTTHFTTB 4gsall GliY) 46, 3G 4 o WIMAX 448 G5 -
Dy 3G Ol dlial lae el clily J8 Jaee BiaS gd «lhall Gany
o oS Adseall GLIYI L ) e a2l ey RS Cua e Aol S
Se bt ¢ 10y ly WIMAX 4 e el cilily Ji clame (383
FTTH Jpid) sin leelpl dpuall Gl s oKly ¢ Sl cadl) iyl
Juel Cua e laa 4lSe Liad FTTB oLl s of FITO i€l s
e iy (WIMAX GlSad ae 43l Leallats Al dlually caSilly dal)
Agmaal) Lahaall Gaploatl) 3 lalially Gl 8 Lalail s e dllad

Al palad) el o dulad ehal B e WIMAX 408 dpuaigll Al oS5 (4

Juds Sya el e3ally (Backhaul Cilas (alddl ¢ially (ASN dlall cleas

dgspn s AT sualic dlis oS lysm 3 AGAN 75 apeaill gy NOC 4822

8l Shes «CSOs oS jidall 4ead Shas «CCs Jual¥) jSheS «aSpill dleShy
FMCs Juact)

dohll cbilall Jols 4Suds «OTN Al il GLIY) 4<0s joed dun

Ll s lesi Cum Llyse 8 WIMAX 380 LuluY) (Dllall L PDN

Agyal) cillailaadl pen b ASEN CligSay jualic Calida (il AS5al J5L
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(Al Cua (o dgdard) WIMAX ASuls ) sud) cillailaall 2818 dalis ddass callaw (5
Jly¥) Tane 38 g 4lladdl o @) cllaadll e Caling Gua L Aaedl) cilbad) (e 22
fadl za Ll AL L aasial
LOS ki dady JluyY) Al 8 Apacld daas 32 -

ars A0S Aaliall G585 o aag il Tady LY Tae 385 Jeall Can
ol b sy Jly) Tae 385 daall (S e Jiliiaally Jupal) (e 58le i Tad
OSar Y adlh QY Jaially Jupal) G Amde e ) Amula Bilie dga Alla 8 Gl
O el e Y Gia (Jlad aaly Tase 33y Agysadl lablad) dalise JalS dydais
Agihyenl) ALSN5 Gyl Aaglal e @lldg Hhi i s Sl iy Js) es
b (e ied Al el ) Glles saaa3 Lo sag clgiphaas ol Akl 3 301K
8 ) Gililee 505 Cun s b WIMAX 4SS g5 phe 2655 el die Jlac Y|
Gillaaall o U ladll saally Ailaie IS canliall JlagY) gsi a3 ) daall)
Al ohd @S (i ) 5ygpallh o 1ay e dala Y 30k s el
&l amin AT ey Aibually baylly Jadilly Sl Callss Jally claadll
L JSS g pliall RS g Abiaailly Allanilyl)

& kel dihie e WIMAX 4808 A Jaiae djidia 9748 bl 40l ~Uas (6
tad) g lisd s el s 4 )y o8 e g i 13 ) (Bl

256Kbps 44 (ye dandls Jaine & jidia 5145 llh dolil J<Y) e elld -

512Kbps 48 (pe dandls Jaine Hjidia 5167 bl dalil 5<Y) e cileUad 5

IMbps 4% (e dandl Jainae & jidia 2048 bl dalil J<Y) e cilelad 4 -

2Mbps 43 (e dandl Jaine & jidie 239 culalla dalil J<Y) e e Uad

AMbps 4 (e draally Jaine @il 66 ildla 2l FSY) e aaly g Uad

8Mbps A3 (pe drudly Jaine jidia 27 bl Aphi) €Y e aaly g lld -

16Mbps 43 (e dandly Jaine 2aly jidie (alla dhi) J<Y1 e aalg g Uad

24Mbps 43 (e dandly Jaine 2aly e calla 4t SSY1 e aaly o Uad

119



CSsdall dae Big Lpgw A WIMAX 4Sady Jaiae & jidia 578205 bl 2l o~ lias (7
tead) clgalls ad gl el il il Aadlae JS b cplaiad)

208775 lilla Ayl e Uy saaly dgael Aasay cileUad apyl dpacld Aasa 66 -
3hied Alsilae 3 Jaine il

86867 <l dphi) e Ul D, el ddanay el ayl 4pacl8 1aae 27 -
LBl iy Adadlae 3 Jaiae il

Gl At aaly g Uy saals dyacli dlaasy cilelad ayl ZaclE ddaas 26 -
cals Aailas 8 Jaine ¢l fidia 81945

Gldls b aaly g Uady saaly dacld dasey clelad aply el dhas 18 -
AAD) Alsblas A Jdine &l 57096

Gl At aaly g Uy saals dyacls dlaasy cilelad ayl Zacld das 12 -
L skl Alsdlas  Jdine o il 38329

Gl Aphl cpelady saaly dacld daaey cilelad apl el Glaas 10 -
Loaen Adailas 8 Jaine ol ide 32836

Gl At cileUad D, saals Agaeld Alasey cilelad o)l el llae 9 -
olea Aldlae 3 Jaisse @il 30180

isdlae 8 Jaise oljide 15647 il 3l clelad apl Lacld claae 5 -

Gl b aaly ¢ lady saaly dacld dasey clelhd oyl el Gihas -
ol e Al 8 Jaine e 6922

Abdlae 3 Jaise djidie 5677 b Aghl clelad aply el Gilas -
A<l

4612 ks At (e Uay saals 4pac 8 ddanay ilelad oyl saals dpac 8 dlass -
A Addlae b Jaine o jidie

4443 <l b e Ualy saals 4pac 8 ddanay culelhd oyl saals Lac B dlass -
cly) Addlae G Jaine i

120



Gl Al aal g Ualy saals Aacld Adaasy cilelhd aply saals Lacld das -
Aoy Adadlae 3 Jaise ¢l jiia 3859

Bylayial) Adadlaa & Jaise jidie 1017 Gl 4] (pelaly 3aa)y dpac @ dasa -

Aud 8 Aeadl) Bagag oY) Claane (ny (ady Lad =3l e 220 ) duhall ciliags (8
il aladiuly Glagyline 4ald P e Al 5K elpa) ey Gllly LWIMAX
ol il cthroughput Aaliy) Claase 45)aes Hlad) Caxgy VoIP 5 HTTP
Sl ) ) cala gl & > s .oad Jealls ctransmission delay
Dlaa) 306 Zep ) lasplisd) A gyas HTTP Gadii aladinly Cilaaaall o3a 45l
Gillaaall dae COUAY g @lldg VOIP (3l aladinly 405l 3 Lgild Claasall 43 5laa
Al bl Je Jasdl (gag - syl IS (8 S idial) Gllasag dyac )

THTTP Gouks s

33 Jpas ae ¢aSdiall Glhaaa dae Loy WS dasale JS4 4atuy) culy -
sl 08 3 e ) claad) a3 delias Lidd Lodie daliny) b digh
Gl s 8 Aaliyl aae o sSlad) daim e llaY Cus
(jidie ddase 40 5 Apacld Glhae 4 dsas JsY) syl & 4 HTTP
e il SG gpl ull 8 Ld Lades SMbps s doaliy) caly
safyly dhne 40 (e Y dlans 80 ol Coaall ey S5l cillans
ol e L Gaecall i dalbil) culy 2 el cllas 4 e
CEN spyladl 8 Laclil) cllaad) axe 5ol L Lexie Lal Llaaly oY)
cjidie Aana 80 5 ilbne 4 o Y Lpeld Clane 8 ol Ciauall ey
Gilbae 4 48 Lexdin) @3 S0 gl e DI Caliag o) Laliy) s
idase 240 meuadl S judiall Clane dae 5ol Ll Lavie adf lilaaY WS Lagac s
Cuaiy (piaia jlaiay Jasale JCG alitY) ) 8 Aaeld Glasa 8 aw hasifs
I gyl e Ly

121



Ly oopSpudiadl lase dae il die 51 clVaee el il s s -
Goae ) cllaadl sae 3ol die J8 Y ana (3ia
Gk Ala 8 gl el s e sl dai e llaaY Cua
L) Lexie Jo¥1 splisad) (e ST ey 5l Sia B L) of GHTTP
Gia Laiy el lase 4 e gy 3ase 80 ) cpSyidiall cillass axe
ae By laie Sl J¥1 sl e Ji ey sl bl gl
oy ol Sl Giady L jide ddaas 80 ae lhae 8 ) Agac ) clasdl)
(jidie 1ane 240 5 AclE Cllane 8 dgas bl slisd) b

33L) Jsman e ¢S ulall Gillane a3e L) WlS Jagale JS4 Jeall dne 2y -
spliss JS 3 Ayl Claadll dae de Ly Lidd Laxie didla
HTTP Gudadt Alls 3 Jaall dass e 3l dais (o BlaaY Sus
Lie Js¥) splisndl ge L@ Canall ey SBI slind) & 3331 Jaall of
4 o i)y ddane 40 o Yo dasna 80 ) (S sidall cillana aae 3l Lidd
spbidl 8 Gae ) Gllasall ae 55 L Lavie Wil llaaY 5 .4 ld cillass
A daall (b el jidia ddasa 80 5 e ld Cilass 8 muall Canaall jlaiay GG
M) LS el Gillne 4 48 Lexdia) o3 JBI glidl ge 1 Gilis,
S il laae e il L levie alll syl 8 € (S5 Jeal
e Gilhase 8 ase i ddasa 240 pual]

122



:VoIP (aula s 8

33 Jgpon e pSHidall cillase 22 L) WS bhale S0 Ayl caly) -
spbime JS 8 Apae i) Claad) de dieliane L Lodie dpaliy) b 44k
O VoIP (3aakii Alla 8 ApaliY) aame o slSlall Ao iy Cua
40 5 ageld Gllaas 4 Ala 3 15Mbps s il S5V sylidl 8 Lalay)
Dy (S jisd) cllaae dae saljy G splad) 8 i Ladie s cljisia ddana
3 Apeld Gilbae 4 e syl Aane 40 e Yoy Aass 80 grasil Cinnl
L Loxie Wl WY 5. J6¥) splandl e Ly Caecall laiey daalisy) caalyy)
Glass 8 muall Conall jlatay GBI gp)liand) 8 dpaeldl) Glaadll 2ae 3l
DS Galias ol daliy) (b i fe ddane 80 5 e 4 (e Y duaeld
Laie Wil kel LS e lE cillae 4 4 Leadiad g3 GBI gl W) oo
L ddass 240 mouall (S Gl Glaasa dae ol bl syl ull 8 Ll
Cualy Cpima jlada Daale Q0 dualiy) calyy) a8 el Glaas 8 ax
90Mbps (e ST cirlyy B 5yl e Ly

spliad) O (VoIP Gkt Al 8 e ualill s e slSlaall dag cuny -
|siés ((8BS-240SS) aihlly «(4BS-80SS) Ul spylicully «(4BS-40SS) JsY!
solisd) Gin Ly lSlaall Jalye pliee 8 Tan Cyliie ey ali Jaea Ly
Glasall 2ae Ly) Levie 480 2D Clasylinad) e ST ey sy cltil
L&yl ddana 80 xe Gllass 8 sl SBI goylindl e dgac )
33L) Jpeas e ¢S ilall illana 23e L) WlS Jagale JS54 Jeall 2aaa 2y -
sl JS 3 Ayl laadll dae de Ly Liad Laxie didks
ey (4BS-80SS) (SN sylidl 8 alaj) Jaadl same of lilaaY Cua
Gillaae axc 33l Lad Laxie (4BS-40SS) Js¥) slundl ge Ly Ciaul
LYy igael clhae 4 o oY)y ddase 40 (e Yo ddase 80 ) (S il
Camall iy GBI gl 8 Laclil) Glasall dae salyy L Ledie 4
oo LS cabiay o) Jaall Gl (it Aane 80 5 Ayl Cllas 8 ol
a8 Sy Jeall Ayl LS el cillaas 4 48 Ll o3 B i)

123



dase 240 muall pSHddl Gllbas dae 33y Lad laie ol gl 8

gl Dlasa 8 as i

VoIP 5 HTTP kil dually il gpylinnd) 48 e 51Slaal) daii (pe LidaaY
O Lsale <0 caglis ) oSy ¢l G alall JSAN Cum e )l Sl ¢
Ladal 335a o)) Cladne (e adae JS0 Al gline JS Jal e gkl e JS
.(Delay — Throughput — Load) W,lia) (5» Al

S il G ol sl alall JSAN Cua e il (i e JEaS

Oo JS g )l syl 8 DG o) e 23ae JS 5lSkae dags 45 laay Lid

Ly (M ide ddane 240 5 duaeld cillana 8 (e splind) 13 Cally Gua L il
P Al ikl e Ulias @l fide dane 30 4pacld ddass JS

oady Gl daally bl spliand) 8 dalinY) daae o sllladl) 4o cuy -

Al B daliY) o (o) cllhasy aeldl) lhadl liaglly oy il

VOIP Gakii e LS @lld e <yl L «25Mbps s ualy HTTP Gl

-90Mbps (e )35\ Galy s

Ay ol gl 3 el bl s e sl dagm copell -
VoIP (3auki Alla & 4ie Jil HTTP adas Alla 8 )l i) o) ¢l

O ecadaill Al ol gilaadl & Jaall dase o slSlad) dagn copell -
(e (385 VOIP (3l Alla b ate Jif Liaf S HTTP G Alls 3 Jesl
LS i)l lasa g Aoac 8l chllas ol Chlaial gallg Ja g i)
il s ) iy Gaed DA £y sdell Lnls@Y) g5aall Al caall (9
daciall deadl) oW e 2,970,573,600 Jo¥) Al & iyl Jlea) &1L -

Gld (alide e nehee 208775 PERREY ) oa = Cnlainall (S yiiall
e

Lo d 7,254,599,750 Al 038 8 CAPEX dlanhyll Calsall Jlea) oy
Lo 430,032,444 4l 38 & OPEX b)) CallSil)  Mlea) sy

s d —4,714,058,594 daull sda L 5yleal) Cualyg

124



Laviall Loal) ol (uJ 4,498,285200 Asll il & byl Jea) &l -

Gl Cabiae e cpedse 316165 apdacy Al oda & cplaiaall oS il
lad)

- d 3,216,733,000 4l 538 3 CAPEX dlanyll Calsall Jlea) oy
coed 574,191,408 4wl o388 OPEX Aladall cadlsill s alys
coed 707,360,792 Al 038 A =yl il

Lediad) dexall 2l L 4,639,554,660 LGN Ll 3 i) Jles) &l -

Qld alite e cpejse 383624 apdc Al oda & cpldsall Sl
lad)

cond 2,060,029,700 &) 538 3 CAPEX Adlavhyll CadlSill Jlaa) sl
coed 628,135,211 Zaudl oda A OPEX Al cadiall Jlaa) alig
cowd 1,951,389,749 ) s34 & )l iy

fodidll Aol ¢l ud 6,784,250,520 dmb Aidl & by Jlea) Al -

Gld Galite e cpejse 560994 apdncy Al oda & cpldsall S il
bl

Lo d 4,322,425,650 Al 038 3 CAPEX dlanhyll Calsall Jlea) sy
- d 713,206,685 Al 038 & OPEX dpliaiill CadlSill Jlaa) alis
Lo d 1,748,618,185 Al a3 8 moll &l

Fosiall Laxdll & e 5,945,446,476 sl Tl b ) Jea) &y -

Gl Cabiaae e cpedse 578205 apdacy Al ol & cplaiaall oS il
bl

.o 988,930,850 Luasll 538 3 CAPEX Agdlawdll Cadl<all laa il
Lo d 704,610,314 daull 038 & OPEX Agliiill CadlSll Jlaa) iy
s d 4,251,905,312 Al o2 8 )l &Ly

1,599,624,304.39 & Cilgion uad 2y JSS &Uﬁmﬂ NPV ddlall adlal) dadl) -
ALY ) Al (e o o) O Jiny Les clinge dad oy

125



:Recommendations <luasidl) .2.4

Ay Al e e ile leampe a O @l spm e Al
Alad) adl) sty s b WIMAX 4 cplag sad adall 3 dealadl Caag
Hgil) oda Gulii e A8 O (Say A Sllas

sall Ayimal) Cilgall Ui e AaPU) Clehal) Mas) dglK) A ki) gya of 75 (1
s b WIMAX 408 Galagig Ji i olai¥ )y 2Dl dlaal) <l glally

Aa o ling vanal o 5ial) £ gyl ohaiy cdallall Al aniy A grm o i (2
sadl A8 i diaidal cleall b il J8 e cbysu 4 WIMAX
(e ASail cileadd Al dhydly ey LadU
Ml ilend Aud S st ga ) Al GbSdly bl -
Glaad e «CCs Juad¥) Sl (NOCs aSuill Jaein Sl <ASN
gl il Ka g FMCs 28l JUacl 353 381w «CSOs (oS il

oalie iline gy byl lealidl g A Saall bl aall 41 -
e dlly AanluY) Al ol Sa

Alage J9 il Tahially = ikl g gl cililliiag Jabe -

a3 gophar el (gym O o B WIMAX 48 oLl g5)a) s 8 75 (3
Oe 55 Aeadl) Jillh (gran Cuny yia A ) ddlie ey s Gl o
Glseall abma o Caplly A8l ool Adhe 35l o3 DA gy 0o
sl T dadiall cilandll S A e Dl of oSe ) 4 JSLadll
(AT Gllilaag ey Bhlia e bl

(Technical Survey) sl zusll Jlecy S gl alaall 23 (o) o i (4

Jabe mres Play 48 clal cadl J8 cclbilad) puen 8 Ghlid) 6]

AGE Lol clalaely clilial A8 yaat 8 Aall LeieaY Dl gl
Ao oo Y Alia) i gl s sal) deadll e Jpuaall

126



(Appendices) -l

(1) & @alal
L.

s 3

PDN UL (LS 30 = SV lealD 40l 45,500 1S

STV ol = Al = (33 1lglal

PDN il gl UL ASS b SO S Saa o Jaeadl edigall g 353 Al syl

el 1AlAD 3.

AR 3 el Ay Jil Walel apll D Ul gaumges hpadly b 2y

ﬂjﬁ&';p.\)h."u’\-h p,.tan‘l...-ﬂal.\u..‘ ?‘Jéw_,n)“i\!h); 'j’.ﬂ-"ﬁ;l‘b

S 45 H’--.»-J O OSagy Adadl ALl 4 i

t T

(&WMahQ‘%‘ﬂj‘,qﬁJﬁh—,amNiﬁkﬂéwJalﬁi.‘.ip.%qnh

TWIMAX a2 L&

e

o eyl Ala ey g () 2panl) Japgd 3 PDN iyl Sl JolS 352 b

s A Slkd S Jaay psiiy ol e SLaly SVLSD Ayl 26,50 S)e A0S

Sanall Sl 3l ally Sl Aagall aiall L) DU e A8 a5

iipall 1 A2 e Upana PDN dgpeed) Agilagl Sl IO 3802 o b IS

ol e PDN 382 ol Sua ey Gl Jaly )l e dosape Jha Os OTN

H—m&“ﬁmﬁrb-)'ﬂlhxiaﬁﬁmmj‘rﬁdﬁ‘-ﬂtm-u

o Sasmpdlly POPs salill blis g 80 oiady (wilny 3ed) Adle Slay Al S

St

JWiMAxm)ﬁqmwmwﬂwJu!PDNuﬁjﬁdoﬂq

dany JE55 Sua Cillabladd JS b 5mial POPs 2alid bli ae day; D13 Gople o ¢lage

AL )‘Lbh‘bu' > C}Paﬂwm.!ﬁw‘
o

127



(2) a'é) éa.hl\
PR

2014/7/23 gyl
8 (allall — A gecall VL) 3yila — diall 3)laY) — YLD Ay pud) 48580 ¢
syall Dljicisl AT = jseaie 3l gyl — Bded 105l
A gaall VLY s 8 VLl (udiga shy cCusy dina Gudigall po Anadid Allia g5l
OTN 4y)laal) 4 gl GISLEN a5 ayyliia Bylal alina
e L taliladl) 3aa
A sl & il dapn Jil ol gl 0 AL g e Cipedl) a2
DS e ol ABliae (gya BaeLsall lawin¥) S lads Haa Rlay IS Uil ()a s
ol LS Leadl o (S dllal) Adyall ac ) a1l
:J5Y) Jlsad)
Ji Cleyu (A Ly lealblinly lelee llly s b &gl Gl e 38 3 5o
faslll Pla (e e Jgaadl Sy Al dalial) Gl
:&,1\};1\
) Al ade Gl Lol Lwlud) dgaall dad) Wyse b ddel) AN JSE
clilal) Jals 4805 Jie (gAY Al i€l adandd wlal) Jalall yiisd g8 (Backbone
Gaalally daladl Jailg s culSuill Calisg g (PDN 4k o))
Gaa Glesane JS3 e (S ) Ageall GUIYY e Taall Gun (g Aguall 3080 o580
Oe A8 o3 all Cua LAggal) AKA) Lkl oo genay JSE ) cdigual) LS
Op il el oSy Cuan Aulll) B e dae 8 L Led i ) Gkl e o
S A Lleal) Bhay arealll 134 DA e Sl Llles AW Gy 8 ol
aal Ly e 4S)all (Restoration) (st Geui Sl Self-healing (313 (JleaiY) ilacl
A (e 3 ol b g DU A paal) DS slae
Gllladlly cileUadl) Cabidad Al AGAN Gk e leased line Ghlall anadd (g
deal) ol Wy difide by B Clejuy w8 Aihie ol 8 dalally Lalal)
RRVERN|

-

128



1okt gy daiade bl P e A gl

Leased line type i Speed )
T B | 2 Mbivs
£3 34 Mhbit's
STM-1 155 Mhbil's
STM-4 622 Mbit's
5TM-16 2.5 Ghiv's

)=

EI'E':i{Eumpaan Telecommunications Lol el s Sl Sl
standardizations Institute)
10l
i Al RSN e Sl S caSy s o SYLTY ] DSE A S a DA e
Flospe A WIMAX Sl s 8L Sl 45,2
falgad!
VL A5 o Tl Wl LS el g A0 eall AS.AN e Bl oS agkally
AV SIS el Jalally 3 (Platform) daaiadl a dg.all
Apall il 5l Sl ) pliad Al A5 LG e dayy Adpall 2550 PIA e S5
Saggll aliat Jagy Zgtiay Jagf 3a 08y o fiagy M3 A bl g 1l (Pl e clgiurlad
alad sie Sldaad] S AL
ae SBLA Bl dayyy oDt Conter SUldl Sie ae Lo lill Sllanddl dayy ol 825,
Al adiacle ey cpsatead) dagll gl Ade A8y My A Sl M ples leden
22l e o e iyl Bde e Sl Jagll (A e ) s Slls DA e Gpeall
il e e 8 5al dhpaall Ciliyennl Ty aDia Sl i Ao e
i o 3hlidl 3480 (Technical Survey) ill el Juel o 3830 S50 08 apall Y
ledasy s o ey illaanadl 1B cpe of apaany Aalate (1 AU Loe @ cllaa ) e Adge.
gl L ASE Gk e (Network Management System)asoih sd Sl a.
A geiall AL e Al Sl gt Vi (ggy e el sy

129



i(3) o galal

ALlia
2014/10/19 5y

12 Golal) — dsloshadd) 350y — iy LoD Ayl 48580 2 KA

shall dljiacifl AT = jseaie 3l gyl — (Bded 105l

LY LD 4y gaal) 4S50 6 Aslaslaal) 30Y) e pe duad s Alilia tp il

dc Ly talileal) 30a

A sl A diald) Aapy dal bolael gl A Al g g gay Caypaily cad o 2
DISEY) (e aal) 238l (gyns ae Lusall Daxtl) JS elals saa Al JS L) (ga s
o LS Lpadl o Sy Al b s 3

1l

Glilaall JalS Joli duay cglaill Gape Gyl Glad aasl 455 ol albllbie sl
:&,1\};1\

ALl Gl e bl pues )y eme o AV GSLY) WIS 6 dasdl) i g ol G
g el dilaial) dolara) 4l culillaiall s

s 0 o ey deadll e Jpmall Agn Glacaly cobilbiiall Gl Gy Jaall (gymy &
cpadldly A4S Al Say palic B Jee Jal& e Yy ¢3S 0 bl 32c g 30 0 4505
A Jee b JelSill Alls ) Jseagll Uimny Lgainny pe i canadie She DA (e Lo
Aeadlly el agilll ae Jalailly uilalsall dardl diavaiae Khe dllin (s< Cuny (JSS
JuaV) P (e dexdll e LU claliay) aiy agVslud e LD daraia Sl
@Al Shas (CCBS aiisilly (Al Aoy pasia gan AEN 8 Bigia ay) -l
iex oo o) il Aga e a3 o oSy ) A Jlae ae Jalailly 3] 8 danadiie
Bl e Jasmall 3Sall sa SN o038 Jie 8 S50 aal i adallys Ly AS0EI gt
Cyseailly el culisdiilly Ulad) ae sy Ciladdiall o)sn anay sas . Culilull Z8IS Jaia g A<,5))
Oo sil) 138 Jia b Juadls A slaially dialal) 4800

130



K Lagir Sand s 3y J Sy clae hang A2 5 H3Y 08 5o 205y o Sl
s gl S e Gl A8 ) S Jpeal o Cyay ¢ AN daliial Ay Laacal Jaay o
vl 3 5l

131



(4) ?EJ j;ld\
ALlia

2014/10/21 :u
CCBS g3 pial clilbull 3850 = dglasbeal) 5lay) = VLD Ay udl 4580 : ISl
YLt el = jed g9 e = (Bdiad 1)l
Caaiy die b 1Al 30
A sl A diald) Aapy dal bolael gl Sl Al g s gay oyl cad o 2
Al & Jai Al SISEY) e aaell A8l gyag bacluall i) S el g G
o LS 4l yn Lo pmall o (Says Aullal
S Jlgedd)
dgysual) 4S80 Ta5e 43388 G COBS sy 4S0s sy pualie G 4l llia Ja oSy
¢ dpsudl ah¥) JalS Jadi WIMAX ASed (g ¥ Laidl
L_a\);j\
Glead al Caagy cpegpiiall DS Cum caladl JCall ol Cum e ja€ 4lin ellia alally
LS sl Bange Ak dgag s Lo 13y (Bl Aed She gl e deadll e oSl
Clily JalS pmi Alels il )8 3gns sa¥) Congion ASEILG clypa b g S anlial)
LJSS ASdlly (S il
dapley Lald jualic acain ASHIL WIMAX 4500 (o sfie] <0l cliay jualie dha (g
oSy ASuEl ol Apagadl Gy oy e s JLELNT; JlyY) Clbaay = 1Y) Jie 48050 o3
Al She alg bpd Cua e b oSl O 8 jualedl Al oS
Ny ¢(Data Center) 4oyl dae jall KA 48l calankailly caliludl ac)sal 40U cilaadiall

ipspa oas Jhail She aalallys ASuil) Jlael ae doleilly 5y)2Y 3Shhes ¢S jdiall daxal
Oliialy Gl 4 WIMAX 3803 g e off aiely ccilaadl] iy a3 ) agyliiall 28 8

dan gygpm el 0sSon Kbl 03 e 35355

132



G Jped)

Gl She o byl gy @S Data Center bl 3S5a) 3] Gl ok
¢ CCBS g5 i o3 5 AY) yalialls

1l gl

Clld) aeld Canming Sl Gleddad)l e desene e elal O bl e oS
dggpa A mabyy Cliuk gl Casid S Glesdad) e degenay daulad] @liulall
Lol AU LSl el (g Ao sana o Ladl (sSis cple (S 2085 eatll 51y
clishlls N adl Jie (a8 Aal pualic ae bl e Ly lpary g ciloidll
Al Ghasll

dgh gl Gl dols 4Sd Guyla e @AY ARA) pualiey bl She om bl (gm0
POP 4Suall aags ddats bl A (e U35 PDN

Pla e o8 Ll bl Jals 458 DA e Lad Sl She o )l (gym WS
&= -nearest POP @Y aalgll ddass (PIA (e Ethernet 4las PDN 4<ud ) jéle Jua
531 Juails (Replication) <ibiladl Jolg cilee Jal (e STM-1 ey 36 Loy i jis
Agsllaall depudly i) Ji cpalil Cllall 380 Cp e Jiiin Jiga il jig 455
e anfge Qlly 3S5e 3ydlly AL Ale) g5 e G CYLADU 40l 45,80 4 Ll
e Gls bl e Jany Cun s dne B AT 5650 lualy ¢ uldl) 35Oa0 a5 (B
g AlSa. stﬁi Js¥) Sl (e dlla & <us «(Disaster Recovery Center) haliis) S )4
el e Wiy AGal Ga e en Jea e Dall GBI SO 008 Aie o dlls
Al jalie Al ae 2)SHall DS dayy gy alalls - (Bded JS5e A dlalad) dyil) A
2Mbit/s depu Byase Shl Alall 22 & Jaaud g PDN Agihagll cbilnll Jols 4<0h PA 1
ASDN Jshad Jasist f sapmall 4a 1) Sl any & oSy ) GSHDSL <y f

s Gl Slgaad)

3She dadl dyypud) illdlaall (e CCBS sy & 3508l pualic Calide ay)si gya <as
e Bl i€ e sl (s Al Aead 3Shay JUae) 3laly Juai¥l Shas bl
¢ WiIMAX 4Sus b agysill <l

1l gl

0e Agpae ilS A ciin g JlSl 4855 aa sl Lysw (3 COBS gayde Slad) 9n S
Aguall Al (e daitiall (AN aa (yslailly (g n Cua chllliiall Calide paat g g pliall 2,45

133



Wiy CS0s Sl laas 381l Apally A el alida g3 Sl 3p3as LT
jagas w0y ccilaldly Gsally Cilladlaall asaa 8 5idl Al Shall Jad gd S0e 300
o leles (el DU cilapkally DU et U Jeagll Sl UL She ae ledasyy
33a3 A Jeagill 5 akd Sililall (g385a) Aaailly Lyl L agililliie A, Syl Bl (35 Aess
o OS5 She 6 lasaey Jlaldl Sl adlye el Dy ecday 30e0 Jiiae 8 UGS Lagaliee
pe dadipe le Sy andl lpdans aae ddadpe Ay o esde s aescdas ai) Slhilaa
A s Bhe 10 Loy JUeYl 5l Ehay PDN 38t Gpk oo ULl 80
SASad 3 prslaaAADU pasa— e, 3ha1) Cillailae

G55 o Jeaiy 4l el dlasads SlSe 58 UL (53800 Lageaiy Sl aia gy 4 Y1
LSy A0 e lall et i PDN ASE D GG LG sl el €. i3 i
POP 2algll ddaii e 2l Ethemet i Gk 02 100Mbivs le dzje o Jyaall
S SSTM- (1 55MBILS) 503 Jagd) Gasle o2 Aoyl 23 (el Al Lea 58, Jil Qi
A WIMANX A58 jualie adg lad agisll Sid e sl S8y ol el ailyll 3
WIMAX 82 jealic AL Ll J(CCs - DCs - CSOs — FMCs) a9 COBS 3855 as adeli
oSS sl s A g A Riaple L S i) el JLEN Y Sl SillaaS
Pl Al a5 A e

S e wapaill 5 Cua o 3has b COBS e Sl Spe 3 Saadl S 20mp 2ladll 5
Sy Sujadll Slaagy (A hee — Sl - o) DSty Dl e S5l Dl
FUS 0 Sua el B il S e 8 ST COSO GU Aeis S5e B Al lall Oy
e pe dapll Ay AL wiligady 60 Sl e il Ll Sy el A1 e
2Mbitls 323y GSHDSL 3503 Gule oo 55 Ally csililall

Jaadl 3l e WY S Sya cdaliys iGla Bae 5 OC Juall S b ey Ll Sy
bage Sl 4 Gl (e f0 Al oSULD S ae adagy Adly Spa DS e s padlly
ALl o Sl i A PDN A5l Al POP 2oyl Aall s 5jlee ada pje E1{2Mbit/s)
- lial Jas liay ISDN ba U

i~ b

134



(References) aa)all

Higaal) galial) .1

Claslaal) Lingli€s alaie) (2012 ) . puad) allal) Jomgs i eV Lad Jyal) slasy) 1
ki gl gyl Aalaiall 3 Ldlaly eV Ly,

dal (e papad) @Uaill ey eyl @lad (2013 ) . elaal¥ly gala®y) Gulad) 2
s banial) aeY) el ) adine

s PDN bl ciblul) 38 e cugidy) (2005 ¢ U)oVl dyysull 25,8 3
TSSP Y Lai¥) g U acd ealiy

YLD Aalad) dgall e dysal) dpedll Bl L(2011) LoYLaDU el 4S80 4

http://www.ste.gov.sy/index.php?m=7 : (= 2014/11/10 C"-JL“ Cams i)

cgsindl LBl L(2011) Ly Lad dyypud) A 5

2/11/2014 Fepliy Canjdind clblal) sacld  larall Joli 4gpe YLD )00l 4S50 .6

ADSL iyl ey dualall bl sacls L Anleshea) 5y03) Ly LadU dyysudl 4S80 7
18/11/2014 gy Can i

Camagicd .1/9/2014 e Lliel ADSL ciledal sapall symadll e LaDU Ay jpudl 4S80 8

http://www.ste.gov.sy/index.php?d=8&id=159 :( 30/11/2014 &yt

J8 (e Wla leady 2 A i) ae dpjlie L colagill dppne A< claral dalall) 45l 9
gl eals A8l dad;ll Jilie MTN 5 Sy doglall ey Lay) culS pi
4150 a — Gl — Ayyg . el @l s gl Lapjall Ay seeall Ayl 10

e )Yl sgaall LoV 55 5y U spalae .(2012) .olia (Sagpe.11

NG VPN

Jilie (MTN 5 i) Wysm o Zpslall VL) S8 U e pdti S lloall e dg)ia. 12
e @) clbaddl aadd) S latil

135



10.

11.

12.

13

14.

15.

16.

17.

tAgial) aalal) 2

. A report by the Broadband Commission Working Group on Education. (2013, January).

Technology, Broadband, and Education: Advancing the Education for All Agenda. ITU,
UNESCO. Paris.

Ahson, S., Ilyas, M. (2008). WiMAX Applications. Taylor & Francis Group. USA.

. Andrews, J. D., Ghosh, A., & Muhamed, R. (2007, February). Fundamentals of

WiMAX: understanding broadband wireless networking. Prentice Hall. USA.

Azizul Hasan, Mohammad. (2007, June). Performance Evaluation of WiMAX/IEEE
802.16 OFDM Physical Layer. Master Thesis, Helsinki University of Technology,
Finland

Bai, Ling. (2007, May). Analysis of the Market for WiMAX Services. Master Thesis,
Technology University of Denmark, Denmark.

Banerji, S., Chowdhury, R. S. (2013, May). Wi-Fi & WiMAX: A Comparative Study.
Indian Journal of Engineering. Vol.2, Issue. 5, pp. 51-54. India.

Bau Castillo, J. M. (2012, April). WiMAX: Technology and Market. Master thesis,
Beijing University, China.

Belhouchet, L., Ebdelli, H. (2010, January). Session 3: LTE Overview - Design Targets
and Multiple Access Technologies. ITU/BDT Arab Regional workshop on 4G Wireless
Systems/LTE Technology. Tunisia.

. Berge, Ayvazian. (2013, November). WIMAX ADVANCED TO HARMONIZE WITH

TD-LTE IN 2.3, 2.5 AND 3.5 GHZ. White Paper, Sponsored by WiMAX Forum.

Choubey, N. S., Kharat, M. U. (2008). Overview of 3G and WiMAX Technology. The
Pacific Journal of Science and Technology. Vol. 9, Issue 1, pp.59-65.

Cinar, H., Cibuk, M., & Balik H. H. (2012). History and Evaluation of Mobile Wimax.
Bitlis Eren University, Turkey.

Cordova, H., Boets, P., & Van Biesen, L. (2005, September). Analysis and Applications
of WI-MAX Standard: Forecasting the trends. The Eleventh International Conference
on Mobile Computing and Networking, Cologue, Germany.

. Etemad, K., Lai, .M .Y. (2010). WiMAX Technology and Network Evolution.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey & Canada.

Gao, Feng. (2009, May). Atechnical and Market study for WiMAX. Master Thesis,
Helsinki University of Technology, Finland.

George, M. Foote. (2006, March). WiMAX and the Future Telecommunications
System. 2006 Telecom, Cable, & Wireless Conference. Austin, Texas.

Ghazisaidi, N., Maier, M. (2010, April). Techno-economic analysis of EPON and
WiMAX for future Fiber-Wireless (FiWi) networks. Computer Networks Journal . Vol.
54, Issue 15, pp.2640-2650. Canada.

Ghonge, M. M., Gupta, S. G. (2013, August). COMPARATIVE STUDY OF WLAN,
WPAN, WIMAX TECHNOLOGIES. International Journal of Research in Advent
Technology (IJRAT). Vol. 1, No. 1, pp. 10-18.

136



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gunasekaran, V., Harmantzis, F. C. (2005). Affordable Infrastructure for Deploying
WiMAX Systems: Mesh v. Non Mesh. Stevens Institute of Technology. USA.

Gyan, P., Sadhana, P. (2011). WiMAX Technology and Its Applications. International
Journal of Engineering Research and Applications. Vol. 1, Issue 2, pp.327-336.

Hwang, K., Vemuri, V. R. (2002). Broadband Wireless Access (BWA) Networks: A
Tutorial. University of California, Davis.

Ibikunle, Frank. (2009).WiMAX: appropriate technology to provide last mile access to
ICTs infrastructure and services in rural areas, Covenant University, Ota, Nigeria.

International Telecommunication Union (ITU). Birth of Broadband - Frequently Asked
Questions. (2003, September). retrieved June 3,2014 from:
https://www.itu.int/osg/spu/publications/birthofbroadband/faq.html.

International Telecommunication Union (ITU). Telecommunications indicators update.
Mobile-cellular telephone subscriptions 2000-2013-1. retrieved June 7,2014 from:
http://www.itu.int/ITU-D/ict/statistics/.

Joshi, K. C., Thapliyal, M.P. (2005, May). WiMAX (Worldwide Interoperability for
Microwave Access): a Broadband Wireless Product in Emerging Markets. International
Journal of Computer Science. Vol. 8, Issue 3, pp.588-591.

Jubair, G. F. A., Hasan, M. 1., & Obaid Ullah Md. (2009, August). Performance Evaluation of
IEEE 802.16e (Mobile WiMAX) in OFDM Physical Layer. Master Thesis, Blekinge Institute of
Technology, Sweden.

Karanasios, S., Allen, D. (2010, October). WiMAX for Development. Journal of
International Technology for Development. Vol. 16, Issue. 4, pp. 320-328. United
Kingdom.

Katz, Raul. (2012, April). Impact of Broadband on the Economy: Research to Date and
Policy Issues. ITU-Telecommunication Development Sector. Geneva.

Kumar, Atul. (2010, September). WiMAX Technology. School of Engineering, Cochin
University of Science & Technology, India.

Kuran, M. S., Tugcu, T. (2007). A survey on emerging broadband wireless access
technologies. Istanbul, Turkey.

Lokesh, .C., Nataraj, .K. R. (2012, December). Implementation of an OFDM FFT
Kernel for WiMAX. International Journal Of Computational Engineering Research.
Vol. 2, Issue. 8, pp. 74-81.

LTE/WiIMAX2.3, 2.5, 3.3, 3.5, 3.6 GHz International Price List. (2014). Telrad. retrived
December 1,2014 from:
http://www.crystalcomltd.com/pricing/dir-tso-2664/Telrad Price List.pdf

Market Report. (2006, March). The broadband boom continues: Worldwide subscribers
pass 200 million. Telecommunications and networks. retrieved June 7,2014 from:
http://marketreportfinder.com/report/technologies_electronics/telecommunications_net
works/the broadband boom_continues_worldwide_subscribers pass_200_million710_
83_2d.html.

Medhn, Samuel. (2012, September). Cooperative MIMO System for WiMAX
Technology. Master Thesis, Addis Ababa University, Ethiopia.

Mohamad, .A, Rahman, K. A. A. (2008). WiMAX Coverage in Malaysia.

137



35.
36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48

49.

50.

51

52.

53.

Nieminen, Jari. (2007, March). Techno-Economics of Mobile WiMAX. Finland.

Nongjun, Li. (2011, May). Overview of WiMax Technical and Application Analysis.
Bachelor Thesis, Turku University of Applied Sciences, Finland.

Nottebohm, O., Manyika, J., Bughin, J., Chui, M., & Syed, A. R. (2012, January).
Online and Upcoming: The Internet’s Impact on Aspiring Countries. McKinsey &
Company.

Nuaymi, Loutfi. (2007). WiMAX: Technology for Broadband Wireless Access. John
Wiley & Sons, Ltd. France.

Pathak, S., Batra, S. (2012, October). Next Generation 4G WiMAX Networks-IEEE
802.16 Standard. Department of Telecommunication, SRM University. India.

Qiang, C. Z. W., Rossotto, C. M., & Kimura, K. (2009, January). Economic Impacts of
Broadband (chapter 3). World Bank, Information and Communications for
Development. Washington, DC.

Saiful Islam, M., Tawhidul Alam, M. (2009, January), WiMAX: an analysis of the
existing technology and compare with the cellular networks. Master Thesis, Blekinge
institute of technology. Sweden.

Scarfon, K., Tibbs, C., & Sexton, M. (2010, September). Guide to Securing WiMAX
Wireless Communications. National Institute of Standards and Technology. USA.

Shah, S. H. A., Igpal, M., & Hussain, T. (2009, August). COMPARISON BETWEEN
WiMAX AND 3GPP LTE. Master of Science in Electrical Engineering. Blekinge
Institute of Technology. Sweden.

Siddiqui, M. A., Mithu, M. H. (2009, January). Broadband Wireless Access based on
WiMAX Technology With business analysis. BRAC University. Dhaka, Bangladesh.

Singh, Inderpal. (2013, September). WiMAX: Design & Features. International Conference on
Advance Research in Computer Science, Electrical and Electronics Engineering. Pattaya,
Thailand.

Smura, Timo. (2005). Competitive Potential of WiMAX in The Broadband Access
Market: A Techno-Economic Analysis. Helsinki University of Technology. Finland.

Smura, Timo (2006, March). Techno-economic analysis of telecom investment projects.
Helsinki University of Technology. Finland.

. Telesystem Innovations Inc. (2010). Fundamentals of WiMAX: A Technology Primer.

Canada.

Understanding the WiMAX Bussiness Module. (2010). retrieved July 15,2014 from:
http://technowizz.wordpress.com/2010/01/08/wimax-business-model/.

Usgurlu, U. B. (n.d). WiFi VS WiMAX: Comparison of the basic features of Wi-Fi
(802.11b/g) - WiMAX (802.16). Baskent University. Turkey.

. Wagle, S. S., Ade, M., & Ullah, M. G. (2011, January). Network Transition from

WiMAX to LTE. JOURNAL OF COMPUTING. Vol.3, Issue. 1, pp. 66-70. USA.

Wang, Jialing. (2004, March). Will WiMAX+WLAN Constitute a Substitute to 3G? — A
Techno-Economic Case Study. Master Thesis, Radio Communication Systems
Laboratory Department of Signals, Sensors and Systems, Sweden.

White Paper. (2005, October). Can WiMAX Address Your Applications?. Westech
Communications Inc. on behalf of the WiMAX Forum.

138



54.

55.

56.

57.

58

59.

60.

61

62.

63.

White Paper. (2004). Understanding Wi-Fi and WiMAX as Metro-Access Solutions.
Intel. USA.

White Paper. (2007). The Business of WiMAX: Impact of Technology, Architecture &
Spectrum on the WiMAX Business Case. Motorola. U.S.

White Paper. (2010). WiMAX Benefits, Applications & Solutions. EION Wireless.
USA.

White Paper. (2010). Compact base stations: a new step in the evolution of base station
design. on behalf of Design Art Networks Ltd and PureWave Networks Inc. Senza Fili
Consulting. USA.

. White Paper: WiMAX Spectrum (2004, November). RF spectrum utilization in

WiMAX. Fujitsu.

White Paper. (2011). WiMAX Equipment Market Grew 85% in 2010 to $1.7B.
WiMAX Forum.

WiMAX FORUM. (2004, October). Business Case Models for Fixed Broadband
Wireless Access based on WiMAX Technology and the 802.16 Standard.

. WiMAX FORUM. (2005, June). WiMAX: The Business Case for Fixed Wireless

Access in Emerging Markets.

WiMAX FORUM. LTE and WIMAX Comparison at a Glance. retrieved December
8,2014 from: http://www.3g4g.co.uk/Lte/LTE WiMAX WP_0810 WimaxForum.pdf

Zhang, Yan. (2008). WiMAX Network Planning and Optimization. Taylor & Francis
Group, LLC. USA.

139



Syrian Arab Republic &y pgull Byysell gy gatanll
Ministry of Higher Education I@ el gglegllaslyg
SVU
Syrian Virtual University - iy s gundl e oY dalyll

BTN { PSR JE, PN BN 1
SYRIAN VIRTUAL UNIVERSITY

Research Title

The adoption of fourth-generation wireless networks using
WiMAX technology
Implement a wireless network over all Syria

Thesis Submitted in Partial Fulfillment of the Requirements for a Master

Degree in Technology Management

By
Median Samieh Jahjah Bahsas

Supervisor

Dr. Ali Hassan

2015

140



