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Syllabus

� Tentatively

Equalization techniquesWeek 6

Mid Term examWeek 7

802.11 and Mac evaluationWeek 8

Energy models in 802.11Week 9

Wimax and Mac layerWeek 10

PresentationsWeek 11

PresentationsWeek 12

PresentationsWeek  13

Final ExamWeek 15

PresentationsWeek  14

Diversity techniquesWeek 5

Modulation techniques, single and multi-carrierWeek 4 

Cellular concept and system design 
fundamentals

Week 3

Wireless channels, Statistical Channel modelling, Path loss 
models

Week 2

Overview, Probabilities, Random variables, Random 
process

Week 1
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Large and Small Scale Propagation Models

Area 2
Area 1

Transmitter

Log-normal
shadowing

Short-term 
fading
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Power loss showing the three major 
effects: attenuation, long-term fading, 
and short-term fading.
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Rf generally propagate according to 4 mechanisms

� Reflection at large obstacles: plane waves are incident on a surface with dimensions that are 
very large relative compared to the wavelength.

� Scattering at small obstacles: occurs when the plane waves are incident upon an object 
whose dimensions are on the order of a wavelength or less, and causes energy to be redirected 
in many directions.

� Diffraction at edges: occurs according to Huygen’s principle when there is an obstruction 
between the transmitter and receiver antennas, and secondary waves are generated behind the 
obstructing body. As the frequency gets higher, the rf wave will diffract less and start to 
behave like light.

� Penetration: In addition to diffraction, penetration of objects will allow rf reception when 
there is an obstruction(s) between the transmitter and receiver.

reflection scattering
diffraction

penetration
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Example (Power delay profile)
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Mitigate Doppler shift

� If the baseband signal bandwidth is much greater than 
the maximum Doppler shift, then the effects of 
Doppler spread are negligible at the receiver.
�To minimize the effect of Doppler, we should use 

as wide a baseband signal as feasible [e.g. spread 
spectrum]
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The concept of level crossing.
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Time-spreading: Multipath characteristics of channel

Multi- path delay spread, Tm

Characterizes time dispersiveness of the channel,
Obtained from power delay-profile, Φc(τ)
Indicates delay during which the power of the received 
signal is above a certain value.

Coherence bandwidth, Bc approx. 1/ Tm

Indicates frequencies over which the channel can be 
considered flat
Two sinusoids separated by more than Bc: affected 
differently by the channel
Indicates frequency selectivity during transmission.

Channel Autocorrelation Functions
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Time variations of channel: Frequency-spreading

Doppler Spread, Bd

Characterizes frequency dispersiveness of the channel, 
or the spreading of transmitted frequency due to different 
Doppler shifts
Obtained from Doppler spectrum, Sc(λ)
Indicates range of frequencies over which the received 
Doppler spectrum is above a certain value

Coherence time, Tc approx. 1/ Bd

Time over which the channel is time-invariant 
A large coherence time: Channel changes slowly

Channel Autocorrelation Functions
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Statistical Models

� Design and performance analysis based on statistical ensemble 
of channels rather than specific physical channel.

� Rayleigh flat fading model: many small scattered paths

Complex circular symmetric Gaussian . 
Squared magnitude is exponentially distributed.
� Rician model: 1 line-of-sight plus scattered paths
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Channel Classification

Based on Time-Spreading

Flat Fading
1. BS < BC ���� Tm < Ts
2. Rayleigh, Ricean distrib.
3. Spectral char. of transmitted 

signal preserved 

Frequency Selective
1. BS > BC ���� Tm > Ts
2. Intersymbol Interference
3. Spectral chara. of transmitted 

signal not preserved
4. Multipath components resolved

Signal

Channel

freq.BS

BC freq.BC

BS

Channel

Signal
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Channel Classification

Based on Time-Variations

Fast Fading
1. High Doppler Spread
2. 1/Bd ≅ TC < Ts

Slow Fading
1. Low Doppler Spread
2. 1/Bd ≅ TC>  Ts

Signal

freq.BD

BSfreq.BS

BD

Doppler

Signal

Doppler


