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Wireless channel:  
multipath fading 

•  While propagating from source to destination the signal can follow multiple 
paths. At the receiver different components (received over different paths, 
with different phases and amplitudes) are combined.  

•  Signal can be reflected, diffracted, scattered based on the obstacles it founds 
over its path towards destination. 

•  Low frequencies can traverse without or with low attenuation many objects; 
when frequency increases waves tend to be absorbed or reflected by 
obstacles (at very high frequency– over 5 GHz – communication is LOS). 
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•  Signal replicas received via different propagation paths are combined at the 
receiver 

•  The results depends on 
–  The number of replicas 
–  Their phases 
–  Their amplitudes 
–  Frequency 

 
 

  Received power differs, as a result 
 from place to place, from time to 
time! 

Multipath fading 
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- Resulting signal 
can be attenuated 
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Multipath fading 
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Rayleight fading 
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Rayleight fading 
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Rayleight fading 
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Fading-why is it important? 
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Multipath fading 

•  Different delays experienced by the different signal replicas (delay 
spread) can widen the channel impulse response leading to 
intersymbol interference (ISI – Inter-Symbol Interference) 
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Examples 
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Examples 
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Impulse response 
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Multipath fading 

•  Impact of delay spread can be quantified by computing the root 
mean square (RMS Delay Spread): 

 
 

( ) 2

1

2

1

1
d

n

i
iin

i
i

RMS P
P

τττ ∑
∑ =

=

−=

( )

∑

∑

=

== n

i
i

n

i
ii

d

P

P

1

1
τ

τ

  with 
  τRMS  RMS delay spread 
  τi   delay on path i 
  Pi   power received on path i 
  n   number of paths 
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Multipath fading 

•  The coherence bandwidth, which is a statistical measurement of the 
bandwidth interval over which the channel is ‘flat’ is approximated by 
the inverse of the delay spread  

•  If coherence bandwidth is >> signal bandwidth the channel is flat 
•  If coherence bandwidth is comparable to the signal bandwidth then 

delay spread results into intersymbol interference and reception 
errors 

 
In case of intersymbol interference equalization is used, introducing 

complexity. 


