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Lecture objectives

Define course objectives

Discuss the syllabus, course structure, and other logistics

Overview of wireless and mobile networks
History and evolution
Classification

Wireless communication fundamentals
Wireless transmission
Multiple access
Medium access control
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Course objectives

Equip students with practical and general knowledge about
wireless and mobile network architectures and protocols

On completing the course, students should be able to:
Appreciate different aspects in the design, operation and 
implementation of wireless mobile networks
Read, comprehend, and review research publications and standards 
documents in the field
Present and discuss their ideas about topics in the area

Course Information

Main instructors:
Dr. Per Gunningberg
Dr. Kaustubh Phanse

Additional instructors (seminars):
Dr. Thiemo Voigt
Laura Marie  Feeney

Course webpage: 
http://www.it.uu.se/edu/course/homepage/datakom3/ht06

Prerequisites
Datakom I and II or equivalent knowledge
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Course information
Theory

Introductory lectures
Seminar series

Projects
Groups of 3-6 students
Hands-on networking experience 
Implementation and/or analysis
Demonstration

Term paper
Groups of 2-4 students
Literature survey and writing a review
Presentation

Course Information
Course material

Textbook: Jochen Schiller, Mobile Communications, 2nd edition, Addison 
Wesley, August 2003
Slides from introductory lectures and seminars
Research publications and standards documents
Other documents specific to your project or term-paper
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Course content

Introduction
Wireless fundamentals
Different types of wireless networks and protocols
Mobility support and network architectures
Transport and application layers

Seminar series
Mobile ad-hoc and mesh networks
Wireless sensor networks
Delay- and disruption-tolerant networks
Applications over wireless and mobile networks

Course content

Project
Distributed Wireless and Sensor Testbed
Explanogram - Networking for Real-time Wireless Collaboration
Enhancements to the APE testbed
Implementing ExPLoIT - a Distributed Localization Technique for Mobile 
Sensor Networks
Mobile Phones as an Interface to Sensor Networks
Development of mechanisms that increase the robustness of sensor
networks towards interfering entities

Term paper
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Examination

Continuous examination
No final exam

Project or term-paper (mandatory)

Student seminars
Presentation and opponent (mandatory: one seminar)
Homework assignments (optional: to get higher grade)

Grading

Grade scale: U, 3, 4, 5

To get a grade 3, you must have
Actively participated and contributed to a seminar
Done a project with acceptable quality or written a term-paper with 
acceptable quality (pass grade) 
Presented the project or term-paper with acceptable quality (pass grade) 
Served as an opponent on another group's term-paper (applies only to 
students who write a term-paper)
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Grading

To get a grade 4, you must have (besides the passing 
requirements):

Obtained a grade better than pass grade (3) on your project or term-paper 
Done one homework assignment in a seminar different from the one you 
actively participate in (i.e., given a presentation in). 

To get a grade 5, you must have (besides the passing 
requirements):

Obtained a grade better than pass grade (3) on your project or term-paper 
Done two homework assignments in seminars different from the one you 
actively participate in (i.e., given a presentation in)

Overview of wireless networks

Wireless vision
History and evolution
Taxonomy
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Vision from the ”stone” age

Wireless vision: the past

Wireless vision: the present

Voice
Text messaging (SMS)
Multimedia messaging (MMS)

Smart sensors 
and embedded 
systems

Mobile Internet access
Seamless computing

Satellite systems

Wireless access 
technologies
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Wireless vision: the future?!

Brief history of wireless 
communication

Early instances
150 BC smoke signals for communication
(Polybius, Greece)
Use of lights and flags (semaphore)
1794 optical telegraph (Claude Chappe)

Electromagnetic waves are of special importance
1831 Faraday demonstrates electromagnetic induction
1864 J. Maxwell proposes his theory of electromagnetic fields, wave 
equations
1888 H. Hertz demonstrates the wave character of electrical transmission 
through space



9

Brief history of wireless 
communication

1901 Guglielmo Marconi’s first demonstration of transatlantic 
wireless communication using electromagnetic waves

1907 onwards commercial transatlantic 
communication

1920 discovery of short waves by Marconi

1928 many TV broadcast trials

1950s-1970s 
Some commercial installations of fixed wireless telephony, e.g., A-Netz and B-
Nertz systems in Germany

Brief history of wireless 
communication

1970s 
1970 ALOHANET: first packet radio network (University of Hawaii)
1973 Short baseband pulse communication (now known as ultra-wide band or 
UWB)
1979 Nordic Mobile Telephony (NMT) system

1980s
1981 start of Global Spéciale Mobile (GSM) specification
1982 start of American Advanced Mobile Phone System (AMPS) specification
1984 CT-1 standard (Europe) for cordless telephones
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Brief history of wireless 
communication

1990s
1991 Digital European Cordless Telephony (DECT)
1992 Start of GSM
1996 High Performance Radio Local Area Network  (HiperLAN)
1997 wireless LAN standard IEEE802.11 released
1998 specification of the Universal Mobile Telecommunication System 
(UMTS) as European proposal for IMT-2000
1999 new wireless LAN standards – 802.11b and 802.11a
1999 first specification of Bluetooth

The millenium
2000 GSM with higher data rates and first GPRS trials
2001 start of third generation (3G) systems
2001 specification of the fixed wireless broadband standard IEEE 802.16 
(WiMax) released
2003 Improved version IEEE 802.16a released
2003 IEEE802.11g released
2003 IEEE 802.15.4 standard released (which eventually led to the 
development of the ZigBee application stack)

Brief history of wireless 
communication
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Classification of wireless 
networks

Personal area networks
(few 10s of metres)

Metropolitian area 
networks (several 
kms)

Fixed wireless

Mobile cellular

Satellite systems

Wide area networks 
(national/global coverage)

Local area networks
(few 100 metres)

Infrastructure

Wireless personal area network 
(WPAN)

Network between devices carried or worn by or near a person
Examples

Interconnection between a mobile phone and a headset
Interconnection between a laptop and projector equipment
Wearable computing: everything from helmets, sunglasses to clothes

Technologies
InfraRed (IrDA)
IEEE 802.15 radio standards
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Wireless local area network 
(WLAN)

Network between devices in home and office environment; 
typically gives access to a fixed infratsructure
Examples:

Interconnection of stationary and mobile devices such as desktops, 
laptops, telephones, television, etc.
Internet access at public venues such as airports, restaurants, 
conferences, etc.

Technologies
IEEE 802.11 radio standards (WiFi)
Digital Enhanced Cordless Telephony (DECT)

InfrastructureInfrastructure

Wireless metropolitan area 
network (WMAN)

Network covering a city or metropolitan area; alternative to 
laying cables or optic fibres

Examples
Interconnecting operator network to WLANs or end user devices, or 
interconnecting several WLANs 
Broadband wireless solution for the ”last mile” access to homes

Technologies
IEEE 802.16 radio standards (WiMax)

InfrastructureInfrastructure
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Wireless wide area networks 
(WWAN)

Network covering a country, continent or entire globe; typically
interconnecting several WMANs and providing anywhere, 
anytime access

Examples:
Cellular networks
Satellite systems

Technologies
GSM, UMTS, HSDPA

InfrastructureInfrastructure

Range vs. data rate
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Wireless transmission 
fundamentals

Frequency spectrum

Radio propagation
Signals and antennas
Modulation
Channel conditions
Effects of mobility

Multiple access

Medium access control

Frequencies for communication
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optical transmissioncoax cabletwisted 
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VLF = Very Low Frequency UHF = Ultra High Frequency
LF = Low Frequency SHF = Super High Frequency
MF = Medium Frequency EHF = Extra High Frequency
HF = High Frequency UV = Ultraviolet Light
VHF = Very High Frequency

λ = c/f ; wave length λ, speed of light c ≅ 3x108m/s, frequency f
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Frequencies for communication

Orderly use of frequency spectra reduces interference
International Telecommunications Union (ITU) for worldwide coordination
Federal Communications Commission (FCC) in the US
European Conference for Posts and Telecommunications (CEPT) and 
European Telecommunication Standards Institue (ETSI) in Europe
License spectrum is allocated for proprietary use, e.g., cellular 
communication
Unlicensed spectrum is available for general use (with restrictions), e.g., 
2.4 GHz ISM band

Basic building blocks 

Baseband signal
processing Modulation

Baseband signal
processing De-modulation

Input signal

Received signal

Antenna

Antenna

Radio 
signal

Transmitter

Receiver
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Signals

Physical representation of data
Time and frequency domain

Classification
Analog: continuous representation
Digital: discrete representation

t t

S(t) Sd(t)

Antennas
Radiation and reception of electromagnetic waves

Ideal isotropic antenna (only in theory)
Equal radiation in all directions

Real antennas always have directive effects

Examples of antennas

side view (xy-plane)

x

y

Simple dipole

side view (xy-plane)

x

y
Directional antenna

top view, 6 sector

x

z
Sectorized antenna
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Antenna range
Transmission range

Communication possible
Low error rate

Detection range
Successful detection of signal 
possible

Interference range
Signal may not be 
detected 
Signal adds to the 
background noise

distance

node

transmission

detection

interference

Signal propagation
Along a straight line in free space

Received power proportional to 1/d² (where d is the distance between the 
sender and receiver)

In reality, signal path and power influenced by several factors
Fading, shadowing, reflection at large obstacles, refraction, scattering at small 
obstacles, diffraction at edges

reflection scattering diffractionshadowing refraction
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Signal propagation
Multipath propagation

Signal takes several paths to the receiver

Time dispersion: signal is dispersed over time
Inter Symbol Interference (ISI)

The signal reaches a receiver directly and phase shifted
Distorted signal depending on the phases of the different parts

signal at sender
signal at receiver

LOS pulses
multipath
pulses

Effects of mobility
Change in distance to sender and distance from obstacles

Channel characteristics change over time and location 
Signal paths change
Variation in delay and phase

Short term fading: quick changes 
in the power received

Long term fading: slow changes 
in the power received

short term fading

long term
fading

t

power

short term fading

long term
fading

t

power
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Modulation
Definition: transforming the information to be transmitted into a 
format suitable for the used medium

Motivation
Smaller antennas
Frequency division multiplexing
Media characteristics (robustness, efficiency, bandwidth)

Types of modulation
Analog modulation, usage examples: AM and FM radio, 1G cellular networks
Digital modulation, usage examples: 2G and 3G cellular networks, WiFi, 
WiMax, Bluetooth, Zigbee, ...

Analog modulation
Definition: Impress an information-bearing analog waveform 
onto a carrier waveform for transmission

Frequency Modulation (FM)Amplitude Modulation (AM)



20

Digital modulation
Definition: Impress a discrete-time information bearing symbol 
sequence into a continuous waveform (perhaps impressed on a 
carrier waveform)

1 0 1

t

1 0 1

t

1 0 1

t

Amplitude Shift Keying (ASK)

Frequency Shift Keying (FSK)

Phase Shift Keying (PSK)

Duplexing

Motivation: simultaneous two-way communication
Separate uplink and downlink

Frequency Division Duplexing (FDD)
Each direction uses a different frequency band
Transmitting and receving can occur at the same time

Time Division Duplexing (TDD)
Switch between directions quickly such that user doesn’t notice
Transmitting and receiving can occur in the same frequency band
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Multiple user perspective

How to share the broadcast wireless channel 
efficiently among multiple users?

How to seperate transmissions from different users?
How to avoid interference and collisions?
How to achieve flexible, efficient and fair share of bandwidth?

Multiplexing or multiple access

Medium access control

Multiplexing

Multiplexing in four dimensions
Space
Time
Frequency
Code

Goal: multiple access to shared medium

Frequency

Time

Code

Space
Frequency

Time

Code

Space
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Frequency division multiple access 
(FDMA)

Available bandwidth is divided into 
several frequency bands

A frequency band is allocated 
for each communication channel

Guard bands needed for 
demodulation at the receiver

Example: first generation
(analog) cellular networks

k2 k3 k4 k5 k6k1

Frequency

Time

Code

k2 k3 k4 k5 k6k1

Frequency

Time

Code

Time division multiple access 
(TDMA)

Available bandwidth is divided into 
several time slots

A time slot is allocated for 
each communication channel

Time synchronization
required

Guard bands needed to prevent inter-symbol interference and 
synchronization errors

Example: DECT, second generation cellular networks

Frequency

Time

Code

k2 k3 k4 k5 k6k1

Frequency

Time

Code

k2 k3 k4 k5 k6k1



23

F/TDMA

Combination of TDMA and FDMA

Each communication channel is 
allocated a certain frequency
band for a certain time slot

Protection against frequency 
selective interference and tapping

Precise synchronization required

Example: GSM

Frequency

Time

Code

k2 k3 k4 k5 k6k1

Frequency

Time

Code

k2 k3 k4 k5 k6k1

Code division multiple access 
(CDMA)

Each device can use the entire 
frequency band of the system for 
entire time

Each device allocated a unique code

Implemented using spread spectrum

Efficient bandwidth usage and no 
synchronization required

Protection against interference
and tapping

Example: second generation (American IS-95)
and third generation (UMTS) cellular networks

k2 k3 k4 k5 k6k1

Frequency

Time

Code

k2 k3 k4 k5 k6k1

Frequency

Time

Code
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Spread spectrum

Spread the signal over a larger frequency band (keeping the power 
density constant) before transmission
At the receiver, despread the signal to obtain the original 
narrowband signal

Are we wasting bandwidth?

Narrowband signal

f

power

f

power Broadband signal

Motivation for spread spectrum
Protection against frequency selective interference and fading

Narrowband signal

f

power

f

power
Broadband signal

Interference Interference

f

Fading effect

f

power power

Broadband multiple access and protection against tapping
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Direct sequence spread spectrum 
(DSSS)

Data bit sequence is multiplied
with pseudorandom chip sequence

Chip sequence serves as the code
or fingerprint of the device

Chip rate is much higher than
the data bit rate

Spreading gain is the number of
chips per bit

user data

chipping 
sequence

resulting
signal

0 1

0 1 1 0 1 0 1 01 0 0 1 11

XOR

0 1 1 0 0 1 0 11 0 1 0 01

=

tb

tc

tb: bit period
tc: chip period

user data

chipping 
sequence

resulting
signal

0 1

0 1 1 0 1 0 1 01 0 0 1 11

XOR

0 1 1 0 0 1 0 11 0 1 0 01

=

tb

tc

tb: bit period
tc: chip period

Frequency hopping spread spectrum 
(FHSS)

Discrete changes of carrier frequency determined by a 
pseudorandom number sequence

Fast hopping: several hops per bit
Slow hopping: several bits per hop

User data

Slow
hopping
(3 bits/hop)

Fast
hopping
(3 hops/bit)

0 1

tb

0 1 1 t
f

f1

f2

f3

t

td

f

f1

f2

f3

t

td

tb: bit period td: dwell time
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Space division multiple access 
(SDMA)

A channel can be used again at a certain distance
Often termed as spatial resue
The distance must be large enough to prevent cochannel interference

Typical example: cellular systems

f4

f5

f1
f3

f2

f6

f7

f3
f2

f4

f5

f1

f4

f5

f1
f3

f2

f6

f7

f3
f2

f4

f5

f1

Medium access control (MAC)
Motivation

Typically there are more devices than channels
Need to allocate channel access to devices on demand

MAC protocol
Coordinates access to a shared medium: which device should get access, 
when and how?
Define rules that allow multiple devices to access the medium in an efficient, 
fair and stable manner

Classification
Centralized vs. Distributed
Schedule/Reservation based vs. Random/contention based access
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ALOHA
“Pure” (unslotted) ALOHA

Transmit new frame immediately

High probability of collision
Frame sent at t0 collides with other frames sent in [t0-1,t0+1]

Maximum efficiency = 
1/2e = 18%

Slotted ALOHA
Assumptions

All frames assumed to be of same size
Time divided into slots of equal size (time to transmit one frame)
Nodes can start transmission only at beginning of slots
Nodes are assumed to be synchornized
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Slotted ALOHA (contd.)

Operation
When node has a new frame to transmit, it transmits in the next slot
If no collision, node can send new frame in the next slot
If collision, node retransmits frame in each subsequent slot with probability 
p until success

Maximum efficiency = 1/e = 0.37
Twice that of the basic ALOHA

Slotted ALOHA (contd.)

Pros
Single active node can transmit at full channel rate
Decentralized: only slots in nodes need to be in sync

Cons
Collisions resulting in wasted slots
Idle slots: Nodes have to wait till the beginning of the next slot to transmit a 
frame or slots when no nodes transmit is unused
Clock synchronization
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Carrier Sense Multiple Access 
(CSMA)

Human analogy
Don’t interrupt others when they are 
talking!

Listen before transmit
If channel sensed idle, transmit entire 
frame
If channel sensed busy, defer 
transmission

Collisions may still occur
Nodes may not hear each other’s 
transmission due to propagation delay
Entire packet transmission time 
wasted

B

CSMA with Collision Detection
(CSMA/CD)

Human analogy
The polite conversationalist

Carrier sensing similar to 
CSMA

Collisions detected within 
short time

Colliding transmissions 
aborted, reducing channel 
wastage

B



30

Hidden terminal problem

Scenario
A, B hear each other
B, C hear each other
A, C can not hear each other

Problem with CSMA
A is transmitting to B
C wants to transmit to B; since it cannot hear A, B senses the channel to 
be “idle”
C starts transmitting
Transmissions from A and C collide at B!
A and C are “hidden” from each other

A B C

Exposed terminal problem

Scenario
A can hear B
B, C hear each other
D cannot hear B

Problem with CSMA
B is transmitting to A
C wants to transmit to D; since it can hear B’s transmission to A, it senses 
the channel to be “busy”
C waits unnecessarily before beginning transmission to D 
C is “exposed” to B

A B C D

Wait, channel 
is busy!
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CSMA with collision avoidance 
(CSMA/CA)

Avoid collisions as far as possible!
Basic idea:  allow sender to “reserve”
channel rather than random access of 
data frames

Sender first transmits a small request-to-send (RTS) packet using 
CSMA to the receiver

The receiver broadcasts clear-to-send (CTS) in response to RTS

All nodes that hear RTS and/or CTS know that the channel is being 
reserved for a certain time

Sender that received the CTS transmits data frame

A B C

RTS

CTS
Informed

Near-far effect

A and B are transmitting to C

Signal strength decreases at least as square of the distance 
between transmitter and receiver

Signal from B can completely drown out signal from A
C cannot understand A’s transmission!

Typical problem in CDMA networks
Need for power control

A B C
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