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University of Oulu 
Department of Communications Engineering 
  
WIRELESS COMMUNICATIONS I (521320S) 
Final exam 13.3.2015 (Based on all parts of course, answer in English or in Finnish, no 
material is allowed) 
 
 
1. Explain the following:  

a) Frequency non-selective channel b) Diversity  
c)  Coherence time d) Multipath spread 
e)  Diversity combining methods  

 
 

2. a) Describe three techniques for spread-spectrum system  
b) Describe multicarrier CDMA techniques 

 
 
3. a) PLL and its principle 

b) Basis principle of code synchronization’s acquisition phase  
 
 
4. Consider a cellular system where the received signal power is distributed according to a 

log-normal distribution with mean µ dBm and standard deviation σ dBm. Assume the 
received signal power must be above 12 dBm for acceptable performance.  
a) What is the outage probability when the log-normal distribution has µ = 14 dBm and σ 

= 6 dBm? 
b) For σ = 3 dBm, what value of µ is required such that the outage probability is less than 

1 %? 
 
 
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 = 8. 
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Appendix: Q-function table. Use if needed! 
  

 


