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University of Oulu 
Department of Communications Engineering 
  
WIRELESS COMMUNICATIONS I (521320S) 
1. Intermediate exam 25.10.2013 (Based on parts 1-6 of the course, answer in English or in 
Finnish, no material is allowed) 
 
1. a) You are using 4-level PSK in your system. How many bits you send in symbol? How 

many base functions are needed in this case to present the signal in signal space, and 
what are the properties of base functions? How do you find out the position of sent 
signal in signal space? (4 p) 

 b) You have to calculate the spectrum of digitally modulated signal. How do you obtain 
the results and which factors have effect on the spectrum? (2 p) 

 
2. a)   Compare roughly the bit error rate performances of coherent binary PSK and FSK 

modulations in AWGN channel (no need for equations). 
 b)  Present the principle of differential PSK. Compare the performance with coherent one. 
 
3. a) Assume that error rate equation Pb(γ) for used modulation method in AWGN channel 

is known. How it is obtained error rate in fading channel?  
b) What means diversity and what methods exist? 
c) What kind of combining methods exists and which one has the best performance?  

 
4. For  a  multipath  fading  channel  let  a  scattering  function  Sc(τ,ρ)  is  nonzero  over      

0 ≤ τ ≤ 10 µs and –3000 ≤ ρ ≤ 3000 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 

the meaning of these spreads is. 
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? Explain you answer. 

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)? Explain you answer. 

d) Will this channel exhibit flat fading or frequency-selective fading for channel with a   
2 kHz bandwidth? How about for a channel with a 400 kHz bandwidth? Explain you 
answer. 

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

 
5. You are travelling from Rovaniemi to Helsinki without any hurry in four days. In the map 

in Fig. 1, you can find the possible routes. You will stay overnight as follows:  
  1. night: Oulu or Kuusamo 
  2. night: Vaasa or Joensuu 
  3. night: Turku or Tampere.  

Select the shortest route using Viterbi algorithm (4 p). Draw enough intermediate steps 
so that the Viterbi algorithm idea can be easily seen. What is the length of the route (1 p) 
and which places you will visit (1 p)? 
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University of Oulu 
Department of Communications Engineering 
  
WIRELESS COMMUNICATIONS I (521320S) 
Final exam 25.10.2013 (Based on all parts of course, answer in English or in Finnish, no 
material is allowed) 
 
1. a) You are using 4-level PSK in your system. How many bits you send in symbol? How 

many base functions are needed in this case to present the signal in signal space, and 
what are the properties of base functions? How do you find out the position of sent 
signal in signal space? (4 p)  

 b) You have to calculate the spectrum of digitally modulated signal. How do you obtain 
the results and which factors have effect on the spectrum? (2 p) 

 
2. a) What are the performance measures for synchronization algorithms and what is meant 

with efficient estimate? (2 p) 
 b) Explain decision feedback equalizer (principle, functioning and block diagram). (4 p) 
 
3. a) Assume that error rate equation Pb(γ) for used modulation method in AWGN channel 

is known. How it is obtained error rate in fading channel?  
b) What means diversity and what methods exist? 
c) What kind of combining methods exists and which one has the best performance?  

 
4. A CDMA system consists of 10 equal-power users that transmit information at a rate      

20 kbits/s, each using a DS spread spectrum signal operating at a chip rate of 1 MHz.  
The modulation is binary PSK. 
a) Determine the εb/J0, where J0 is the spectral density of the combined interference. 
b) What is the processing gain? 
c) How much should the processing gain be increased to allow for doubling the number 

of users without affecting the output SNR? 
 
5. You are travelling from Rovaniemi to Helsinki without any hurry in four days. In the map 

in Fig. 1, you can find the possible routes. You will stay overnight as follows:  
  1. night: Oulu or Kuusamo 
  2. night: Vaasa or Joensuu 
  3. night: Turku or Tampere.  

Select the shortest route using Viterbi algorithm (4 p). Draw enough intermediate steps 
so that the Viterbi algorithm idea can be easily seen. What is the length of the route (1 p) 
and which places you will visit (1 p)? 
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Roi 

Oulu 

Kmo Jsu 

Vsa Tku 

Tre 

Hki 114 

120 

319 

395 

458 

531 

332 

244 

395 

549 

165 

75 

Hki = Helsinki 
Hlä = Hämeenlinna 
Jsu = Joensuu 
Kjä = Kemijärvi 
Kmo = Kuusamo 
Lti = Lahti 
Roi = Rovaniemi 
Rna = Ranua 
Tku = Turku 
Tre = Tampere 
Vsa = Vaasa 
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128 

110 

 
 

Fig. 1. 
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Liite/Appendix: Q-funktion taulukko/Q-function table. Käytä tarvittaessa / Use if needed! 
  

 


