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• Attempt all questions.

• All questions are of equal value.

• Open book, open notes, exam.

• Math tables are attached at the end of this exam.
You do not need to turn them in.



1) Consider the reverse link of a cellular system that uses a 7-cell reuse cluster with
omnidirectional base station antennas. Ignore envelope fading and shadowing,
and assume the simple path loss model

µΩp (dBm)
(d) = µΩp (dBm)

(do)− 10β log10(d/do) (dBm) ,

where β = 3.5. Also assume that all mobile stations are transmitting at the
same power level.

a) (3 marks:) Show graphically the worst case co-channel interference ge-
ometry for the reverse channel. Use the hex paper that is provided.

b) (4 marks:) Calculate the worst case carrier-to-interference ratio, Λ in
terms of the co-channel reuse factor D/R.

c) (3 marks:) Repeat parts a) and b) if 120o cell sectoring is used. Use the

second hex paper that is provided.
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2) The following power-delay profile is observed for a multipath-fading channel in
hilly terrain.
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a) (2 marks:) Compute the mean delay.

b) (3 marks:) Compute the rms delay spread.

c) (5 marks:) What is the frequency correlation function of the channel?
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3) Consider the following time-invariant channel model

g(t, τ) =
1√
L

L∑

k=1

δ(τ − (k − 1)∆τ )

a) (6 marks:) Find the magnitude response |T (f)| and phase response 6 T (f)
of the channel, where T (f) is the time-invariant transfer function of the
channel. Simplify your expressions as much as possible. Plot |T (f)| and
6 T (f).

b) (4 marks:) What is the mean delay µτ and rms delay spread στ of this
channel? The following may be useful:

n∑

k=1

k =
n(n+ 1)

2
n∑

k=1

k2 =
n(n+ 1)(2n+ 1)

6
n∑

k=0

k3 =
n2(n + 1)2

4
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4) Consider a system that employs 2-branch selection diversity, where the two di-
versity branches consists of J and K antennas, respectively, with maximal ratio
combining as shown below. Assume that all input MRC diversity branches are
equal, i.e., γ̄ij = E[γij ] = γ̄c, i = 1, 2, j = 1, . . . , J,K.
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a) 5 marks: Derive an expression for the cumulative distribution function of
the symbol energy-to-noise ratio, λ, at the output of the selective combiner
in terms of γ̄c, J and K.

b) 3 marks: Derive an expression for the probability density function of the
symbol energy-to-noise ratio, λ, at the output of the selective combiner in
terms of γ̄c, J and K.

c) 2 marks: Write down an integral expression for the probability of bit
error with BPSK modulation. You do not have to solve the integral!
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5) A guard interval consisting of a cyclic prefix or cyclic suffix is used in OFDM
systems to mitigate the effects of channel time dispersion.

a) (5 points) Assess the cost of the cyclic prefix in terms of

i) bandwidth and/or data rate.

ii) transmitter power.

b) (5 points) Suppose the a guard interval of 500 ns is used. The data
rate with 64-QAM modulation is 54 Mb/s. The power penalty due to the
guard interval is to be kept less than 1 dB. What is the required value of
G (constrained to an integer) and minimum the possible OFDM block size
(constrained to 2k for some k)?
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