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Fading Channels

Examples of Constructive and Distractive interference:

Let us try to understand this channel coefficient better. Let us consider a simple scenario, for L =
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2, we have h, which is given as,

let us consider a scenario in which a,= a;=1
let us considered a simple scenario with ap=a;=1 and 7o = 1 and r; =1/2 Fe.
In this scenario:
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So, what we have is h the channel coefficient reduces to 0 and you can see that because both the
components have equal amplitude 1 and they have a phase that is exactly the opposite of each other
1 is the phase of 0 the other has a phase of pie and therefore, these components are canceling each
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other as a result of these multipath components canceling each other the channel coefficient h is 0
and therefore, the received signal y, Y (t) which is h times S(t) which is equal to 0 times S(t) equals 0
therefore, the received signal is perfectly canceled and this is a case of this is an example of
destructive interference. So, in this case, this h is 0 which shows destructive this is destructive

interference.

further consider another scenario where again

2= a;=1 and 1 = 0 and 1, =1/fc.
In this case you can see,
h=1.e0+ 1 ei2nfclife
=1l+eim where: e 2% = 1+j0
=1+1
=2
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We can see since h is too, we have
Y(t) = 2. S(t)

That is twice the transmitter signal S(t) and now you can see because these 2 signals are adding up
constructively. So, they are adding up to each other constructively. So, this is constructive
interference and as a result of this, you see enhanced signal amplitude. So, this is enhanced signal
amplitude.

Department of Communication Engineering 2



Digital Communications ||

The coefficient h varies depending on the various channel amplitude or various channel attenuation
factors a; and the delays t; alright and therefore, as these attenuations and delays are changing the
channel h, the expression for h is:
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Fading Channel Coefficient
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This is depending on the attenuations a; and the delays ;.
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Hence, x y can be assumed to be Gaussian, this has to be Gaussian in nature. So, we are
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Assuming x and y to be Gaussian random variables. A Gaussian random variable has a PDF that
looks like a bell-shaped curve which is a probability density function that is a Gaussian random
variable that is centered at the mean p of the Gaussian random variable. So, x is a Gaussian random
variable which is denoted as N that is with mean p and variance o2 that is the spread of this Gaussian
random variable; that is the width of this bell curve is related to which variance 2, the mean is p and
the PDF of this Gaussian random variable this is given as

, —(x—p)
1 G

Fu(X) = ——e 2
X( ) \’27{029

This is the PDF of this Gaussian random variable.

Further, we are going to assume that this x and y are independent Gaussian random variables with
mean 0 and normalized to variance %2

u=0and c*>="%

Therefore, we have the determinant of this Jacobian matrix is simply equal to a; and therefore, the
Joint distribution for the magnitude and phase components equals

1 i 1 P
Fr o (a, ¢ )= —e | Jxy|= € .a
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This is the Joint distribution of the channel coefficient in terms of the magnitude and phase
component. This is the distribution of h or the Joint distribution of A and @ which are the amplitude
and phase of the Fading Channel Coefficient h
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Rayleigh Fading

» Rayleigh fading is a model for urban environments where many objects in the environment

scatter the radio signal before it arrives at the receiver
» There is no dominant propagation along line-of-sight LOS between the transmitter and

receiver.
» The cover of the channel response will be Rayleigh distributed.

P(r)
1.0 ¢
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we have these are the distributions, the densities of the amplitude, and the phase; that is the
amplitude a and phase @ of the wireless channel. These can now be used to characterize, and derive
various properties of the wireless channel.

—

What we have is that the joint density for the phase and amplitude is equal to the product of the
marginal densities for the amplitude and the phase.

The joint density is equal to the product of the marginal densities therefore; this implies that the
amplitude and the phase are independent random variables. The amplitude and phase of the Rayleigh
fading channels are independent random variables. This means that A, @ the amplitude, and phase are
independent. And these densities can be used to derive valuable properties of the fading channel for
instance.
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