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1) Consider the situation shown below where the mobile station employs a direc-
tional antenna with a beam width of φo. Assume a 2-D isotropic scattering
environment.
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a) (5 marks:) In receiving a radio transmission at 850MHz, a Doppler fre-
quency of 20 to 60Hz is observed. What is the beam width of the mobile
station antenna, and how fast is the mobile station traveling?

b) (5 marks:) Suppose that the mobile station antenna has a beam width of
13o. What is the level-crossing rate with respect to the rms envelope level,
assuming that the mobile station is traveling at a speed of 30 km/h?
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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 BPSK modulation on a fading channel with L = 2 receiver diversity.

The channel gain for Antenna 1, α1, has the probability density function

pα1(x) = 0.9δ(x− 1.0) + 0.1δ(x− 0.05) ,

while the channel gain for Antenna 2, α2, has the probability density function

pα2(x) = 0.7δ(x− 1.0) + 0.3δ(x− 0.05) ,

and α1 and α2 are independent.

Each diversity branch is affected by independent complex AWGN with noise
power spectral density No watts/Hz.

Assume maximal ratio combining.

a) (2 marks:) What is the average bit-energy-to-noise, γ̄mr

b , at the output of
the combiner.

b) (4 marks:) What is the probability density function of the bit-energy-to-
noise, γmr

b , at the output of the combiner. Express your result in terms of
γ̄mr

b .

c) (4 marks:) Derive an expression for the bit error probability. Express
your result in terms of γ̄mr

b .
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4) Consider BPSK modulation with simple binary repetition coding on a Rayleigh
fading channel. Each data bit is assumed to be repeated L times, and each copy
is transmitted with energy Eb/L, where Eb is the energy per data bit. Each
copy is affected by independent Rayleigh fading and independent noise. The
receiver is assumed to have a single antenna.

a) 8 marks: At the receiver, selective combining is used to combine together
the L copies of each data bit that are transmitted. Derive an expression
for the probability of bit error, Pb, as a function of the average received
bit energy to noise ratio γ̄b.

b) 2 marks: Evaluate Pb for L = 3 and γ̄b = 10dB.
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5) Cell splitting is a process whereby smaller cells are introduced into an existing
cellular deployment. If heavy traffic loading is experienced at the midpoint
between the two cells labeled 1 in the figure below, then a split cell labeled 1’
can be introduced at that location. Likewise, the split cell labeled 2’ can be
introduced at the midpoint between the two cells labeled 2.

Assume propagation path loss according to the following model:

µΩp
(d) = µΩp

(do, hbo , hmo
)
[(hb/hbo)(hm/hmo

)]2

(d/do)β

where µΩp (dBm)
= −70 dBm at do = 1 km, β = 3.5, hbo = 70 m, hmo

= 1.5 m.
Assume that hb = hbo = 70 m and hm = hmo

= 1.5 m unless otherwise specified.
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a) (2 marks:) Convert the path loss model to dBm units.

b) (2 marks:) If the receiver sensitivity is -115 dBm, and the transmit and
receive antenna gains are unity (0 dB), what is the radius of the original
cells?

c) (2 marks:) What is the radius of the split cells?

d) (2 marks:) If the MS is to receive a signal level of -115 dBm on the corner
of the split cell, by how much should µΩp

(do, hbo , hmo
) or, equivalently, the

BS transmit power be reduced or increased?

e) (2 marks:) Repeat part c) if the split cell uses an antenna height of only
30 m.
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