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Multipath 
 
q  A terminal in a mobile radio network operates in 
environments where reflections are likely 
 
q  We say that the receiver must tolerate a multi-

path environment 
 

q Many such environments will not be limited to 
a direct wave and a single reflection but may 
rather consist of many reflections   

q The waves add together to produce a single 
equivalent wave  

q Tougher to decode than under simple AWGN 
assumptions 
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Fading 
 
q  Fading environments vary depending on whether 
indoor or outdoor, line of sight or NLOS, etc. 
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Signal fading in narrowband channel 
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Signal levels in time and frequency 
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Fading in phasor plane 
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Received	signal	in	vector	form:	
resultant	(=	summa8on	result)	of	
“propaga8on	path	vectors”	

Wideband	channel	modelling:	in	addi8on	to	magnitudes	and	phases,	also	
path	delays	are	important.	



Countermeasures to narrowband fading 
 

q Diversity (transmitting the same signal at 
different frequencies, at different times, or to/
from different antennas)   

q Interleaving (efficient when a fade affects many 
bits or symbols at a time), frequency hopping 

q Forward Error Correction (FEC, uses large 
overhead) 

q Automatic Repeat reQuest schemes (ARQ, cannot 
be used for transmission of real-time information) 
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Bit interleaving 
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Effect on BER 
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Typical	BER	vs.	S/N	curves	
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Doppler shift 
 
q  Consider a case where there are multiple 

components of similar amplitude 

q As a starting point we can also consider the (very 
rare) situation where all components are nearly in 
phase with each other 

q At this location the received signal will be a 
maximum.   

q As we move in some random direction, the 
relative phases will change (Doppler shift) 

q The rate at which the phase changes for each of 
the components depends upon the angle between 
the direction of motion of the receiver and the 
direction of travel of the wave in question 
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Fading example 
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Rayleigh fading 
 
q The nulls are much more dramatic than the peaks 

q This is a characteristic of radio wave 
interaction in general: cancellation can be 
nearly total but constructive interference 
usually produces enhancements of only a few 
dB   

 
q In this example all the contributions are of near-

equal strength 
q Known as a Rayleigh environment  
q Very deep fades can be experienced that occur 

very quickly, within the space of a wavelength 
or so 
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Fading example 
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dominant	signal	is	about	10	dB	greater	than	the	other	signals	



Fading example 
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dominant	signal	is	about	20	dB	greater	than	the	other	signals	



Rician fading 
 
q For Rician fading, there is a strong dominant 

component 

C is the amplitude of the Line-of-Sight (LOS) 
component 
ρn is the amplitude of the n-th reflected wave  
φn is the phase of the n-th reflected wave 
n = 1,…,N identify the reflected, scattered waves 
 
q  C = 0 corresponds to the Rayleigh case 
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