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Wireless and High speed Networks

•Converged Networks (NGN)
•Residential broadband (DSL, cable modems)
•Core network (ATM, Frame Relay, SONET)
•Wireless Networks
•Satelittes and wireless local loops
•Cellular networks
•Wireless LANs (wireless Ethernet, Bluetooth)

     Amjad  Umar      
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             Core NetworkCore Network
• Fast packet infrastructure
• LANs, MANs, WANs
• Fiber facilities
•  (100 Mbps+)

Broadband Network (Next Generation Network)

•Voice

•Data

•Video

•Image

•Voice

•Data

•Video

•Image

Access
Network
(wired,
wireless)

Access
Network
(wired,
wireless)

Note: disk to CPU transfer rate is around 100 Mbps 
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Key NGN Components
• Access (e.g., XDSL, Cable Modem, Wireless)
• WAN Core Network (e.g., WDM, SONET,

ATM, Frame Relay, IP)
• LAN (e.g., Gigabit and 100 Mb/s Ethernet,

Wireless LAN)
• Services (e.g., IP VPN, voice over IP, web-

enabled call center, unified messaging)
• Appliance (e.g., computer, POTS phone, IP

phone, cell phone, Fax, building controller,
facility sensor)
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         IP
(Internet Protocol)

           TCP
(Transmission Control Protocol)

         UDP
(User Datagram Protocol)

Home Access
Network
(DSL,
Cable, ISDN)

Fast Packet Switching
Systems (ATM,  Frame Relay)

Wireless
Networks

(Cellular nets,
wireless LANs,
fixed wireless

networks)

Other Transport
 Protocols  

Web Data  Applications, Voice applications

Broadband Internet 

 Sonet (150 Mbps to 100 Gbps)

 Fiber Facilities with Wavelength
Division Multiplexing (WDM)
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Bandwidth Consumers
• Example: How much is 150 Mbps?

    . 3,000,000 typists at 50 words/minute
    . 30,000 FAX terminals

    . 16,000 High speed asynchronous terminals

    . 2400  High quality voice channels
    . 100 High quality stereo audio channels

    . 100 video teleconferences

    . 15 High speed local area networks (Ethernets)
    . 6 high resolution color images/second

    . 3 studio quality TV channels

    . 1 High definition TV Channel
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Why are networks getting so fast?
Examples of these  common principles

are:
� Use of fiber optic versus copper facilities
� Better modulation techniques
� Increased use of packet switching
� Less error checking
� Consolidate redundant functions
� More functions moving to hardware
� Faster computer chips
� Use of bandwidth on demand
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Fast Packet Switching Systems
Fast Packet Switching Systems

Variable Sized Packets
(Frame Relay Systems) Fixed Sized Packets

ATM
SMDS 
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Frame Relay Configuration
Non-ATM
Network

 Router

Frame Relay
Network

LAN

LAN 
Phone

OfficeOffice OfficeOffice

Computer
 

Computer

wireless IP Phone

wireless LAN
base station

 Gateway

NNI
NNI

UNI

UNI

NNI= Network to network interface
UNI = User to network  interface
Gateway= Converts from ATM to non-ATM

= Frame Relay Switch
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ATM Configuration
Non-ATM
Network

 Router

ATM
Network

LAN

LAN 
Phone

OfficeOffice OfficeOffice

Computer
 

Computer

wireless IP Phone

wireless LAN
base station

 Gateway

NNI
NNI

UNI

UNI

NNI= Network to network interface
UNI = User to network  interface
Gateway= Converts from ATM to non-ATM

= ATM Switch
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Physical

Data Layer

Network

Physical (Sonet, T-Carrieres, etc.)

ATM Layer (ATM 
Specific Processing)

ATM Adaptive Layer (Adapt
to higher layers)

ATM 

ISO

Physical

Data Layer

Network

Physical

Data Layer

Functions
Eliminated or
Consolidated

ISO Frame Relay 
Frame Relay and ATM Format 
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Fiber Optic Options

WDM

Sonet

ATM

IP

WDM

ATM

IP

WDM

IP

a) Wavelength Division Multiplexing (WDM)

b) How WDM can support IP 

WDM

Sonet

IP
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Wireless Networks

Paging 
Networks 

Satellite
Systems 

Cellular
Networks  

Wireless LANs

Wireless
Local Loops 

Example1: 
GSM, 9.6 Kbps, 
wide coverage
Example2: 
3G, 2 Mbps, 
wide coverage

Wireless 
Ethernet
11 Mbps, 
100 Meters

Example1:
FLEX, 1.2 Kbps 
Example2:
ReFLEX, 6.4Kbps

        Wireless WANs        Wireless MANs

 Cellular
Networks   Personal

Area 
Networks  

Business
LANs  

Bluetooth
1 Mbps, 
10 meters

Example: 
Motorola Iridium
up to 64  Mbps 
globally 

Example: 
LMDS
10 Mbps, 
100 Km 
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Wireless Versus Wired Networks

Local Area  Networks (LANs) Metropolitan Area Networks
(MANs)

Wide Area Networks (WANs)

Wired Wired LANs
Ethernet (10-100 Mbps, 100
meters)
Token Ring (4 -16 Mbps, 100
meters)

Wired MANs
FDDI (100 Mbps, 50 Kilometers)

Wired  WANs
ATM (44 Mbps to 140 Mbps)
Frame Relay  (44 Mbps)

Wireless Wireless LANs
Bluetooth (1 Mbps, 10 meters)
IEEE 802.11 LANs (2-11 Mbps,
100 meters)

Wireless MANs
wireless local loops (10 Mbps,
100 Kilometers)

Wireless WANs
Current GSM systems at
9.6Kbps, future 3G systems at 2
Mbps

Issues unique to wireless
•Frequency allocation
•Multiple Access
•Location
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General Frequency Ranges
• Radio frequencies range from 9KHz to 400GHZ (ITU)
• Microwave frequency range

– 1 GHz to 40 GHz
– Directional beams possible
– Suitable for point-to-point transmission
– Used for satellite communications

• Radio frequency range
– 30 MHz to 1 GHz
– Suitable for omnidirectional applications

• Infrared frequency range
– Roughly, 3x1011 to 2x1014 Hz
– Useful in local point-to-point multipoint applications within

confined areas
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Wireless Radio Spectrum; Frequency Allocation

100 Km 3KHzVLF - very low frequency

10 Km 30KhzLF - low frequency

1 Km 300KHzMF - medium frequency

100 m 3MHzHF - high frequency

10  m 30 MHzVHF - very high frequency

1m 300 MHzUHF - ultra high frequency

100 mm 3GHz
10 mm 30GHz

SHF - super high frequency

1 mm 300 GHz 

EHF - extra high frequency

0.1 m 3000 GHz

THF - terribly high frequency

Source: Bekkers, R. and Smits, J., “Mobile Telecommunications”, Artech, 2000.

FrequencyWavelength

Radio
Waves

Micro
 Waves

Infrared

X-rays

Gamma-rays
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Frequency Regulations
• Frequencies from 9KHz to 300 MHZ in high demand (especially

VHF: 30-300MHZ)
• In wireless, lower frequencies (omnidirectional)
• Regional, national, and international issues
• Choice depends on ease of generation, detection, and propagation
• Procedures for military, emergency, air traffic control, etc
• Different agencies license and regulate

– www.fcc.gov - US
– www.open.gov.uk/radiocom -- for UK
– Others (e.g., ETSI, five agencies in Japan)

• Interferences across national borders handled through Radio
Communications Bureaus
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Multiple Access Techniques: How to allocate users

Time

Frequency Session1
Session2

Session3

Session4

Frequency Division 
Multiple Access (FDMA)

Time

Frequency

Time Division 
Multiple Access (TDMA)

Session2

Session3

Session1

Session4

Time

Frequency

Code Division 
Multiple Access (CDMA)

All sessions
based on a
 code
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Overview of Location Services
� Cell-id based location.

�  assigned an id of the cell that you are in.
� cell-id is stored in a  database.
� As you move from one cell to another, you are assigned a

different cell-id and the location database is updated.
� most commonly used in cellular networks.

� Angle of arrival (AOA). the angle at which radio waves from your
device "attack"  an antenna is used to calculate the location of
the device.

� Time taken. In this case, the time taken between the device and
the antenna is used to calculate the location of the device.

� Network assisted Global Positioning System (GPS). a GPS chip
is installed inside a phone and thus the location of the user is

tracked.
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Sattelite Systems

�Teledesic, funded by Microsoft and McCaw Cellular, 
�is a $9 billion low-earth orbit (LEO) satellite network  project. 
�A typical Teledesic user will  operate at 64 Mbps downlink and 2 Mbps uplink. 

�Iridium, initiated by Motorola, is another LEO project
�Goal: cover every spot on earth plus 50 miles above

�Customers have been luke warm (high cost and technical problems). .      
Very valueable for some parts of world, also for fast links

GEO= 35,000KM
MEO= 12,000 KM
LEO = 2,000 KM
(Big LEO > 1GHZ,
Little LEO < 1GHZ)
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Inter-
Exchange
Switch

Telephone

Computers

PBX, TV

Wireless
Local 
Loop

Toll 
Connecting
Trunks

Inter-
Exchange
Switch

Local
Control
Office

Telephone

Wired 
Local 
Loop

Toll 
Connecting
Trunks

Intertoll
Trunks

Wireless Local Loops 
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A Cellular Network

Public 
Switched
Telephone
Network
(PSTN)

Mobile
Telephone
Switching
Center
(MTSC)

Base Transceiver Station (BTS) Mobile User

Cell 1

Cell 2

Cordless connection

Wired connection

HLR VLR

HLR = Home Location Register

VLR = Visitor Location Register 
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Cellular Location Services

Public
Switched
Telephone
Network
(PSTN)

Gateway
MTSC

VLR HLR

Terminating
MTSC 1

1. Call made to mobile unit (cellular phone)
2. Telephone network recognizes number
and gives to gateway MSC
3. MSC can’t route further, interrogates 
user’s HLR
4. Interrogates VLR currently serving user 
(roaming number request) 
5. Routing number returned to HLR and
then to gateway MSC 

2

3
4

5

5

6

6. Call routed to terminating MSC
7. MSC asks VLR to correlate call to 
the subscriber
8. VLR complies
9. Mobile unit is paged
10. Mobile unit responds, MSCs convey
information back to telephone 

7 8

9
BTS

9 10

10
10 10

10

Legend: MTSC= Mobile Telephone Service Center, BTS = Base Transceiver Station
HLR=Home Location Register, VLR=Visiting Location Register
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Cordless Phone

Base UnitHandset

Public
Switched
Telephone
Network
(PSTN)
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Data Over Digital Cellular Systems
• GSM

– Circuit mode data
• Transparent mode
• Non-transparent mode using radio link protocol
• Data rate up to 9.6kb/s

– Short message service
• Limited to 160 characters

– Packet mode data
• Plans under GSM Phase 2+

– High speed data using multiple time slots
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Cellular networks: What is 3G Anyway?
• 1G: First generation wireless cellular: Early 1980s

– Analog transmission, primarily speech: AMPS, TACS, NMT

• 2G: Second generation wireless cellular: Late 1980s
– Digital transmission
– Primarily speech and low bit-rate data
– High-tier: GSM, IS-95 (CDMA), etc
– Low-tier (PCS): Low-cost, low-power, low-mobility e.g. PACS

• 2.5G: 2G evolved to medium rate (< 100kbps) data
• 3G: future: Broadband multimedia

– 144 kbps - 384 kbps for high-mobility, high coverage
– 2 Mbps for low-mobility and low coverage
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Evolution to 3G

1G
(<1Kbps)

1 Kbps

10 Kbps

100 Kbps

2 Mbps 

1 Mbps 

Data Rates

1980 1990 2000 2010

2G
(9.6Kbps)

     2.5G
(10-150Kbps)

          3G
(144Kbps to 2Mbps)

Years
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Web sites
• Bekkers, R. and Smits, J., “Mobile Telecommunications”, Artech, 2000.

• www.pcsdata.com: PCS web site

• www.gsmdata.com: GSM web site

• www.wlana.com wireless LAN Association

• www.pcca.org) portable computers  and communications association

• Online Magazines
• Mobile Computing & Communications  (www.mobilecomputing.com)

•  Wireless Design Online  (www.wirelessdesignonline.com)

• Wireless Design & Development  (www.wirelessdesignmag.com)

• Wireless & Mobility  (www.wireless mag.com)

• Wireless Review  (www.wirelessreview.com)

• Wireless Systems Design  (www.wsdmag.com)

• Wireless Week (www.wirelessweek.com)
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Wireless LANs
• First generation of products at about 1-2 Mbps

– Lucent’s WaveLAN, RadioLAN, etc.
– factor of 10 less bandwidth than current Ethernet

• Next generation of products at 10-11 Mbps
– factor of 10 less bandwidth than 100 Mbps Ethernet

• IEEE 802.11 standard
• Important niche and enterprise applications (e.g. hospitals)
• Increasing horizontal market interest (e.g. SOHO)
• Forecast: Total worldwide wireless LAN market revenues:

$305.4M (1998) to $1.63B by 2005 -- Frost & Sullivan.

• Good Web site: www.lana.com
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Wireless LAN 
(Cell size 10 Meters to 100 Meters)

Wireless LANs

Wired LAN  

Access Point
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LAN Stack

Upper Layers

Logical Link Control
(IEEE 802.2) 

Media Access 
Control (MAC)

IEEE802.3 
Carrier Sense 
(Ethernet)

IEEE802.4 
Token Bus
 

IEEE802.5 
Token  
Ring

IEEE802.11
Wireless OSI

Layer 1
(Physical)

OSI
Layer 2
(Data Link)

Physical

OSI 
Layers
3-7

OSI StackLAN Stack
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Wireless LAN Technologies

Wireless LAN

Communication
technologies

• Infra red
• Spread spectrum
• Narrowband

= Wireless LAN Adapter

Wireless connection

Wireless connection

Access Point
as a connector

Wired LAN

Wireless LAN

Communication
technologies

• Infra red
• Spread spectrum
• Narrowband

Access Point
as a repeater
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Wireless LAN Configurations

Wireless LAN1
(peer-to-peer)

Wired
LAN1

= Wireless LAN Adapter

Wireless connection
Wireless connection

Wireless LAN2
(peer-to-peer)

Access Point
as a repeater

Wireless LAN3
(Master/slave)

Access Point

Access Point

Wireless
LAN-LAN
Bridge

Wired
LAN2

Personal Area
Network (PAN)
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Roaming support

Wireless LAN Cell Wireless LAN Cell

Wireless LAN Cell

X

YZ

X, Y, Z are 
access points
 for the wireless LANs
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A Sample Wireless School

Wireless LAN
Cell

Wireless LAN
Cell

Wireless LAN
Cell

CentrexRouter

Link to 
Public Ethernet 

T1
or
DSL

X

Y Z

LAN Server

Wired Ethernet LAN

•X, Y, Z are 
access points
 for the wireless
 Ethernet LANs

A B

C D

•A, B, C, D are
student laptops 
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IEEE 802.11

IEEE 802.11
  Wireless

IEEE 802.2 
Logical Link 
Control

Upper 
Layers

IEEE 802.11
  Wireless

IEEE 802.2 
Logical Link 
Control

Upper 
Layers

Local Bridge
(Access Point)

MAC
Layer
_______

Physical
Layer
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Bluetooth
• Founders: Ericsson, IBM, Intel, Nokia, Toshiba; May 98
• Currently: Over 850 companies, V1.0 spec issued 7/99
• Small form factor, low-cost, short range radio link between

mobile PCs, phones and other portable devices
• 2.4 GHz ISM band: Short packets, fast-hopping, and FEC

limits impacts of interference
• Software for service and device discovery
• Typical application: cellular phone to PDA or earphone
• Forecast: 79% of digital handsets and > 200 million PCs

will use Bluetooth by 2002 -- Dataquest



Copyright (A. Umar) 2002

Bluetooth

Cellular 
Network

PSTN

Access
Point

Wired
LAN

Bluetooth Piconet
(1 Mbps, 10 meters) 

Copyright (A. Umar) 2002

Bluetooth Piconets

Master

Slave Slave

Master

Slave Slave

Piconet1
(Cubicle 1)

Piconet2
(Cubicle2)

PC

Cellular
Phone

Ear
Phone

PC

Cellular
Phone

printer
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References for Wireless LANs
• Books

� Geier, Jim. "Wireless LANs", MacMillan,  1999
� WCCN Handbook: RF Terminals & LANs  by Tom Polizzi
� Wireless LAN Systems (The Artech House Telecommunications

Library), by A. Santamaria, F.J. Lopez-Hernandez (Editor)
� Wireless LANs, Raymond P. Wenig
� Wireless Local Area Networks: Technology, Issues, and Strategies

,   (McGraw-Hill Computer Communications), by Peter T. Davis,
Craig R. McGuffin

� Wireless Networking Handbook, by James T. Geier

• Main Web sites
– www.wlana.org
– www.palowireless.com

• www.bluetooth.com  (the Bluetooth Web site)

• http:\\Bluetooth.ericsson.se.


