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University of Oulu 
Department of Communications Engineering 
  
WIRELESS COMMUNICATIONS I (521320S) 
2. Intermediate exam 19.12.2014 (Based on parts 7-10 of the course, answer in English or in 
Finnish, no material is allowed) 
 
1. Explain briefly but in detail, what is meant with 
 a)  Spread spectrum system b) MSE 
 c)  Cyclic prefix d) Unbiased estimate 
 e) RAKE receiver f) Spreading code  
 
2. a)   Early-late gate time synchronizer 
 b) Decision feedback equalizer 
 
3. a) Maximum likelihood phase synchronizer for unmodulated carrier  

b) Code tracking in spread spectrum system  
 
4. A total of 20 equal-power users are to share a common communication channel by 

CDMA. Each user transmits information at a rate 15 kbits/s via DS spread spectrum and 
BPSK. Determine the minimum chip rate obtain a bit error probability of 10–3. Additive 
noise at the receiver may be ignored in the computation. 
 

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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University of Oulu 
Department of Communications Engineering 
  
WIRELESS COMMUNICATIONS I (521320S) 
Final exam 19.12.2014 (Based on all parts of course, answer in English or in Finnish, no 
material is allowed) 
 
1. Explain briefly but in detail, what is meant with 
 a)  Modulator b) PAM 
 c)  Frequency non-selective channel d) Unbiased estimate 
 e) RAKE receiver f) Spreading code 
 
2. a) Present the principle of differential PSK. Compare the performance with coherent one.  
 b) Explain Alamouti scheme in space-time transmit diversity. 
 
3. a) Maximum likelihood phase synchronizer for unmodulated carrier  
 b) Code tracking in spread spectrum system  
 
4. A multipath fading channel has a multipath spread of Tm = 1 s and a Doppler spread BD = 

0.01 Hz. The total channel bandwidth at bandpass available for signal transmission is W = 
10 Hz. To reduce the effects of intersymbol interference, the signal designer selects a 
pulse duration T = 10 s. 

 a) Determine and calculate the coherence bandwidth and the coherence time. 
 b) Is the channel frequency selective? Explain. 
 c) Is the channel fading slowly or rapidly? Explain. 
 d) Suppose that the channel is used to transmit binary data via (antipodal) coherently 

detected PSK in a frequency diversity mode. Explain how you would use the available 
channel bandwidth obtain frequency diversity and determine how much diversity is 
available. 

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

 


