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University of Oulu 
Department of Communications Engineering 
  
WIRELESS COMMUNICATIONS I 
Final exam 24.1.2014 (Full course) 
No material is allowed. 
 
 
1. Explain briefly but in detail, what is meant with 

a) Modulator 
b) QPSK 
c) Slowly fading channel 
d) Diversity 
e) MRC 
f) Unbiased estimate 

 
2. a) Advantages of spread spectrum systems 
 b) Basic idea on multicarrier transmission 
 
3. a) Draw the block diagram of optimal receiver implemented with matched filters for 
  AWGN channel, when the transmitted signals are si(t), i = 1, 2. Explain in detail, how 
  the receiver works. 
 b)  Decision feedback equalizer (principle, functioning, block diagram). 
 
4. For a multipath fading channel let a scattering function Sc(τ,ρ) be nonzero over 0 ≤ τ ≤ 

0.1 ms and −2000 ≤ ρ ≤ 2000 Hz. Assume that the power of the scattering function is 
approximately uniform over the range where it is nonzero. 
a) What are the multipath spread and the Doppler spread of the channel? Explain what it 

the meaning of these spreads. 
b) Suppose you input to this channel two identical sinusoids. What is the minimum value 

of ∆f for which the channel response to the first sinusoid is approximately independent 
of the channel response to the second sinusoid? 

c) For two sinusoidal inputs to the channel u1(t) = sin2πft and u2(t) = sin2πf(t+∆t), what 
is the minimum value of ∆t for which the channel response to u1(t) is approximately 
independent of the channel response to u2(t)? 

d) Will this channel exhibit flat fading or frequency-selective fading for channel with a 3 
kHz bandwidth? How about for a channel with a 30 kHz bandwidth? 

e) Assume that BTs ≅ 1. Is there fast fading, if we use these bandwidths? Explain you 
answer. 

 
5. Consider an OFDM system with total passband bandwidth B = 1 MHz assuming β = ε = 

0. A single carrier system would have symbol time Ts = 1/B = 1 µs. The channel has a 
maximum delay spread of Tm = 5 µs, so there would clearly be severe ISI. Assume an 
OFDM system with MQAM modulation applied to each subchannel. To keep the 
overhead small, the OFDM system uses N = 128 subcarriers to mitigate ISI. So TN = NTs 
= 128 µs. The length of the cyclic prefix is set to µ = 8 > Tm/Ts to insure no ISI between 
OFDM symbols. For these parameters, find the subchannel bandwidth, the total 
transmission time associated with each OFDM symbol, the overhead of the cyclic prefix, 
and the data rate of the system assuming M = 16. 
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