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Wireless Classifications

WAN 

WAN - MAN 

MAN

0km~50km ~2km
Courtesy of IEEE 802.15, Jan. 2001

~10m

PAN 

Personal Operating Space

WPAN
Bluetooth

WLAN
IEEE802.11
HyperLan

WWAN
GSM/ GPRS / CDMA

WMAN
IEEE802.16

MAN - LAN 

LAN - PAN 



Intelligent Wireless Network Group (IWING) CPE Department, Kasetsart University 4

Outline

ÅWireless Classifications

ÅWireless World (2G, 3G, é )

ÅBasic Wireless Knowledge

ÅPrinciples

ÅWireless Voice Communications

ÅWireless Data Communications

Wireless World (2G, 3G, 4G, é )



Intelligent Wireless Network Group (IWING) CPE Department, Kasetsart University 5

Wireless World

ÅMobile (telephony)
ÅOn the move

ÅGSM

Å9.6 kbps ï40 kbps

ÅNomadic
ÅWithin a building (low mobility)

ÅWireless LAN 

Å2 Mbps ï25 Mbps and more

ÅSatellite 
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1G (First Generation)

ÅAnalog

ÅCircuit-switched Network

ÅLow voice quality

ÅNo security

ÅLow capacity

ÅAMPS 
(Advanced Mobile Phone System 800-900MHz) 

http://www.baskervilleonline.com/2
90-mobile-communications.html

http://www.baskervilleonline.com/wp-content/uploads/2011/01/Mobile-Cell-Phone-History-and-Technology1.jpg
http://www.baskervilleonline.com/wp-content/uploads/2011/01/Mobile-Cell-Phone-History-and-Technology1.jpg
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2G (Second Generation)

ÅDigital encoding

ÅHigh bit rate voice

ÅLimited data communications (tens Kbps)

ÅGSM, D-AMPS (TDMA) and CDMA

ÅAuxiliary services (data, fax and SMS)

ÅSome levels of encryption
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2.5G

ÅExtend 2G systems (GSM)

ÅPacket-switched connection (GPRS) 

ÅHigher data rate (up to hundred Kbps)

ñCalypso Wirelessò

with the WiFi 
networks as well as 

the GSM/GPRS

(May 2005)

ñVodafone 802SEò
Dual Mode W-CDMA andGSM 
900/1800/1900 MHz, Digital Cam
1.3M, Bluetooth, Memory Stick



Wireless Evolution
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Modified from     
http://www.taiwan4g.com/2012/img/evolution_of_wireless_cellular_standards.jpg
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Migration Paths Ą 3G

GSM: Europe & 

Worldwide

IS -136 : (US-TDMA and 

Digital AMPS) 
in the U.S.

PDC: (Personal Digital 

Communications) in Japan

IS -95 : (cdmaOne) 

in the U.S.



3G Evolution
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PDC (Personal Digital Communications) in Japan
HSDPA/HSUPA (High-Speed Downlink/Uplink Packet Access)
GPRS (General Packet Radio Service)
EDGE (Enhanced Data Rates for GSM Evolution)
UMTS (Universal Mobile Telephone System)

http://telecompk.net/2009/01/01/evolution-towards-hsdpa/
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3G (Third Generation)

ÅHigher data rates (Mbps)

ÅMore than voice... 
ÅSupport bandwidth-hungry applications 

ÅFull-motion video

ÅVideo-conferencing

ÅFull Internet access (IP)

Å3G & WLAN
Åcomplementary relationship or replacement ? 
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3G Phone

iPhone3G

iPhone4S

Early 3G 3G - Year 2012
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Åby Google
Åbased on Linux Kernel
ÅOS for mobile phone
ÅAPI / middleware
ÅApplication Software 
(e.g. Calendar)
ÅSupport 3G/BT

HTC Dream

Android
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IMT 2000

ÅSupport data services at min. TX rates of
Å144 kbps in mobile (outdoor) 

Å2 Mbps in fixed (indoor)

ÅW-CDMA, CDMA2000
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IMT 2000 Implementation

ÅRadio Technology: WCDMA
Spectrum: 2 GHz Bands

ÅJapan, Norway, Finland, Sweden, Austria, France, 
UK

ÅRadio Technology: cdma2000
Spectrum: 800/900/1800/1900 MHz Bands

ÅKorea, USA, Canada, Brazil, Japan, Australia, 
Indonesia

http://www.itu.int/ITU-D/imt-2000/implementation.html
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CDMA2000

http://www.cdg.org/technology/3g/evolution.asp

ÅOptomized, very high-speed data (Phase 1) 

ÅUp to 2.4Mbps*packet data on a single (1.25 MHz) carrier. 

ÅIntegrated voice and data (Phase 2); up to 3.09 Mbps

CDMA2000 
1xEV

Å2x increases in voice capacity 

ÅUp to 307 kbps*packet data on a single (1.25 MHz) carrier 

ÅFirst 3G system for any technology worldwide 

CDMA2000 1x

ÅVoice

ÅData up to 115 Kbps

cdmaOne 

(IS -95B)

ÅVoice

ÅData up to 14.4 Kbps

cdmaOne 

(IS -95 A)
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3.5 G

ÅNTT DoCoMo(i-mode service)

ÅHSDPA High-Speed Downlink Packet Access 
(3.5G) Tx speed up to 14Mbps

ÅSame 5MHz frequency BW as W-CDMA (3G)
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HSPA (High -Speed Packet Access)

ÅMobile Telephone protocol

ÅExtension of WCDMA

ÅHSDPA (High-Speed Downlink Packet Access)
ïUMTS

ï1.8, 3.6, 7.2, 14.4 Mbps

ïFaster than EDGE = 36 times

ïFaster than GPRS = 100 times

ÅHSUPA (High-Speed Uplink Packet Access)
ïBy Nokia

ïUp to 5.76, 11.5 Mbps (3GPP: 3G Partnership Project)
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4G

ÅBeyond IMT-2000 

ÅHigh BW (~100 Mbps)

ÅSupport QoS, HDTV, mobile TV, Digital Video 
Broadcasting (DVB)

ÅNTT DoCoMo of Japan
ÅVSF-OFCDM (4G) achieves packet transmission with a 

maximum downlink of 100Mbps and maintains high-
quality reception



WiMAX

ÅWorldwide Interoperability for Microwave Access

ÅIP based, wireless broadband access technology

ÅFixed and mobile Internet access

ÅWiMAXForum: 
"a standards-based technology enabling the 
delivery of last mile wireless broadband access as 
an alternative to cable and DSLñ

Intelligent Wireless Network Group (IWING) CPE Department, Kasetsart University



WiMAX

ÅRange: 50 km

ÅSpeed: 70 megabits per second

ÅNon-LOS

ÅFrequency bands

Å2 to 11 GHz

Å10 to 66 GHz

Ålicensed and unlicensed bands

Intelligent Wireless Network Group (IWING) CPE Department, Kasetsart University



LTE

ÅLong term evolution

ÅIncrease capacity and speed of wireless data 
networks 
Åusing new DSP (digital signal processing) techniques and 

modulations

ÅDownlink peak rates: 300 Mbps

ÅUplink peak rates: 75 Mbps

ÅQoS: transfer latency < 5 ms in radio access 
network  

ÅThe evolution of LTE: LTE Advanced (March 2011)
Intelligent Wireless Network Group (IWING) CPE Department, Kasetsart University



HSPA and LTE peak rate
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http://1.bp.blogspot.com/_mAJDMuyu_WI/S-
riF4t5CgI/AAAAAAAACXU/7DocLPRPPdI/s1600/HSPA_LTE_PeakRate_AverageCapacity_RTT.jpg
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Wireless System Roadmap

http://www.dolcera.com/wiki/index.php?title=Image:Roadmap.jpg



3G Rising
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http://www.itu.int/ITU-D/ict/facts/2011/material/ICTFactsFigures2010.pdf

The World in 2010, ICT Facts and Figures [ITU]



SMS Trend (triples in 3 years)
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http://www.itu.int/ITU-D/ict/facts/2011/material/ICTFactsFigures2010.pdf

The World in 2010, ICT Facts and Figures [ITU]



People on Internet
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http://www.itu.int/ITU-D/ict/facts/2011/material/ICTFactsFigures2010.pdf

The World in 2010, ICT Facts and Figures [ITU]
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Wireless Communication 
Principle
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Communication Media

Transmission
Media

Unguided MediaGuided Media

Twisted-Pair
Cable

Coaxial
Cable

Fiber-Optic
Cable

Radio Microwave Satellite
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Communication Principle

ÅHow can the information be transmitted?

Information ĄSignals (Electromagnetic Energy)

Power,

Voice
Radio communication

Radio, microwave, satellite
Infrared

Light

Ultra -

Violet
Light

X, gamma,

Cosmic rays

Visible light
430-750 THz

0 3000 Hz 300 GHz

Electromagnetic Spectrum
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Electromagnetic Spectrum

Power,
Voice

Radio communication
Radio, microwave, satellite

Infrared
Light

Ultra-
Violet
Light

X, gamma,
Cosmic rays

Troposhperic

Ionosperic
Space &

Line -of -sight

SpaceSurface

VLF LF MF HF VHF UHF SHF EHF

3KHz 300GHz

Radio Frequency Allocation: 8 bands

30K 300K 3M 30M 300M 3G 30G
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Earth atmosphere

ÅTroposphere

Å30 miles from earth

ÅAir

ÅClouds, wind, weather

ÅJet plane travel

ÅIonosphere

ÅBetween Troposphere and space

ÅFree electrically charged particles

Ionosphere

Space
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Types of propagation


