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Chapter Outline

 Physical mechanisms

 Elements of propagation models
 Large scale modeling (for coverage area)

 Path loss

 Shadowing

 Small scale modeling - fading 
(for local area of several wavelengths)
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Propagation effects – model 
components (1)
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Propagation effects – model 
components (2)
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 Experiment: Transmit an ultra-short pulse
 Line-of-sight link

Wireless Channel

(Thanks to Jürgen Kunisch, IMST)

Impulse response:
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 Experiment: Transmit an ultra-short pulse
 Non-line-of-sight link

Wireless Channel

(Thanks to Jürgen Kunisch, IMST)

Impulse response:
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Channel Effect on a Signal

 Conventional narrowband transmission

TX RX

constructive interference destructive interference

carrier wave direct path signal

delayed reflected signal
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Channel Model Components 

TX

RX

d 

p0, K0, rms,0

(Channel parameters at 
local area; 

parameters of WSSUS model)

Layer 3 - Small-scale fading

 Multipath interference
 rapid variations of signal 

strength (Rayleigh, Rice)

 Time dispersion (frequency 
selectivity)

 WSSUS channel model
(2nd order statistics) 

< 20  (10 cm)

Pr, K, rms
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Channel Model Components

Layer 2 - Large-scale fading 
(shadowing)

 Variability of p0, K0, rms,0

 Modeling by random 
distributions

TX
d 

Parameter 
distribution 
at given 
distance

d 

d 

p0, K0, rms,0

RX
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Channel Model Components

Layer 1 – Large-scale model

(distance dependence)

 E.g. path loss law

TX

d 

Distance-dependence of layer-2 
parameters;

e.g. path loss law

d 

d 

Layer 2

RX
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Course material

 A. F. Molisch: Wireless Communications, Wiley, 2005 

 T. S. Rappaport: Wireless Communications –
Principles and Practice, 2nd ed., 2002, Prentice Hall

 J. D. Parsons: The Mobile Radio Propagation 
Channel, 2nd ed., 2000, Wiley

 A. Paulraj, R. Nabar, and D. Gore: Introduction to 
Space-Time Wireless Communications, 2003, 
Cambridge

 Figures and material from these sources
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Physical mechanisms

 Reflection
 Objects much larger than wavelength 

(walls, buildings, earth surface, etc.)

 Diffraction
 Bending of waves around obstacles

(sharp edges!)

 Scattering
 Objects much smaller than wavelength; 

rough surfaces
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Large Scale Models

 Distance dependence

 Free space model – Friis equation
 Received power at distance d:

 Path loss exponent is 2

 Valid in the far field of the antenna:

SPSC – www.spsc.tugraz.at Bezeichnung der Präsentation 14

Free-space model (2)

 In dB:

 Linear on log-log scale (power vs. distance)

 Path-loss:
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Log-distance path loss model

 Empirical models: 
 Curve (parameters) fitted to measurements

 Individual measurements deviate

 Defines mean path loss vs. distance
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Path loss exponents
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Log-normal shadowing

 Defines variations around mean

 X [dB] is zero-mean Gaussian
 with standard deviation  [dB]

 PDF:
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Application of this equation

 Compute probability that PL < threshold

 can be used to compute % coverage in cell 
area with signal >  (see figure 4.18)

 (all parameters in [dB])
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Outdoor propagation models

 Models for median path loss vs.:
 distance; antenna heights; frequency

 considering environment / terrain features

 Examples
 Okomura

 Hata

 COST 231 (European Cooperative for 
Scientific and Technical research) 
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e.g. Hata Model

 for urban areas

 a(hre) … correction factor for effective 
mobile antenna height

 e.g. for small to medium city:
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Indoor models

 essentially same:
 Log-distance path loss model with 

 log-normal shadowing

 different parameters (see table 4.6)
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Indoor model parameters

SPSC – www.spsc.tugraz.at Bezeichnung der Präsentation 26

Fitting of model parameters
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Small scale fading

 Interference of multipath components


