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Example 13
A multipath power delay profile is given below.

a) Calculate the mean excess delay. 
b) Calculate the RMS delay spread. 
c) Estimate the 50% coherence bandwidth of the channel. 
d) Would this channel be suitable for AMPS or GSM service 

without the use of an equalizer?
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a)

b)

The rms delay spread is given by
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c) 

d) 

Since Bc is greater than 30 kHz, AMPS will work without an 
equalizer. However, GSM requires 200 kHz bandwidth which 
exceeds Bc. Thus an equalizer would be needed for the GSM.
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Example on Delay PSD and Frequency-Correlation Function -
Consider a WSSUS channel whose time-variant impulse response is 
given by

where, T and Ω are constants, Θ is a random variable uniformly 
distributed in [-π, π], and n(τ) is a real-valued random process 
independent of Θ, with E[n(τ)] = μn and E[n(τ1) n(τ2)] = δ(τ1-τ2)

a) Calculate the delay psd and the multipath delay spread.
b) Calculate the frequency correlation & channel coherence bandwidth.
c) Determine whether the channel exhibits frequency-selective fading for 

GSM systems with T = 0.1 ms.

Example 14
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a) Calculate the delay psd and the multipath delay spread

where
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For τ < 0, φh(τ) = 0.
The mean propagation delay is

and the multipath delay spread is
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b) The frequency correlation function is

The coherence bandwidth is

c) With T = 0.1 ms, we have (Δf)c = 20 kHz. The GSM channels have a 
bandwidth of 200 kHz. Since (Δf)c, << 200 kHz, the channel fading 
is frequency selective.
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For the channel specified in Example 16 with Ω = 10π
a) the Doppler psd,
b) the mean Doppler shift and the rms Doppler spread,
c) the channel coherence time, and
d) whether the channel exhibits slow fading for GSM systems

a) The Doppler psd can be calculated by taking the Fourier transform of 
the time correlation  function φH(Δt). In this case, we need to calculate 
the correlation function φh(τ,Δt) first.

Example 15 (Doppler PSD)
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For the WSS channel, we have
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The time correlation function is then

The Doppler psd is 
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b) The mean Doppler shifts is zero as the two are opposite of each other 
and have the same psd.  This can also be verified using the equation 
below and the psd computed above

The rms Doppler spread
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b) The rms Doppler spread

c) Coherence Time

d) In GSM systems, the data rate is Rs = 270.833 kbps, which 
corresponds to a symbol interval of 

Since Ts << (Δt)c, the channel exhibits slow fading
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b) The mean Doppler shifts is zero as the two are opposite of each other 
and have the same psd.  This can also be verified using the equation 
below and the psd computed above

b) Calculate the frequency correlation & channel coherence bandwidth.
c) Determine whether the channel exhibits frequency-selective fading for 

GSM systems with T = 0.1 ms.
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In a transmission and reception of signals to and from moving 
vehicles, the transmitted signal frequency is shifted in direction 
proportional to the speed of the vehicle. Suppose that a vehicle is 
traveling at a speed of 100 Km/hr relative to the base station in a 
cellular communications system. The signal is narrowband and 
transmitted at a carrier frequency of 1 GHz

a) Determine the Doppler frequency shift
b) What should be the bandwidth of a Doppler frequency tracking 

loop if the loop is designed to track Doppler frequency shift of
vehicles traveling at 100 Km/hr?  

c) Suppose the transmitted signal bandwidth is 2 MHz centered at 1 
GHz, determine the Doppler frequency spread between the upper 
and lower frequencies in the signal

Example xxx
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A vehicle is traveling at 24 km/hr in a cellular system operating at 900 
MHz. A threshold signal level is set at -20 dB and the measured signal 
level is shown below. 

a) What is the Level Crossing Rate (LCR) at the threshold level if the fading 
amplitude is
(i) Rayleigh model, (ii) Ricean model, K = 10 dB

b) What is the Average Duration of Fades (ADF) at the threshold level if the 
fading envelope is 
(i) Rayleigh model, (ii) Ricean model, K = 3 dB

Example 16
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The normalized LCR, nR is                         and is given in the Fig.
a) (i) Rayleigh Model

From the Fig. at –20 dB signal level, nR = 0.1

324 10
6 67

3600
24 m

. m / s
sec

v km / hr ×
== =

8

6
3 10

0 33
900 10

900c
m

. mf MHz λ ×
=

×
= ⇒ =

6 67
20

0 33m
.

Hz Hz
.

vf
λ

=⇒ = =

2

Rn e ρρ −=

2

2 2R m m RN f e f nρπ ρ π−= =

2 20 0 1 5 01 crossing/secRN . .π= × × =



Electrical & Computer Engineering

Page 60Examples Spring 2006© Dr. O. C. Ugweje, University of Akron

(ii) Rician Model

Assuming σ = 1, then ρ = 0.707
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b) (i) Rayleigh Model

(ii) Rician Model
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