
S-72.227 Digital Communication Systems (Spring 2005) 
18.4.2005 
Naser Tarhuni <ntarhuni@cc.hut.fi> 
 

Diversity Techniques for Flat Fading Channels 
 
1.  
On a fading channel, the received average signal energy is measured to be 10-10 W. The 
fading in the channel is assumed to be Rayleigh distributed. The additive white Gaussian 
noise has a spectral density of 12

0 / 2 10  W/HzN �
� . The receiver in use is assumed to 

work satisfactory if the SNR is larger than 4 dB. 
a. Determine the time availability for the level 4 dB 
b. We have the possibility of using diversity with selection combining. How many 

branches are required in order to obtain time availability of 99.99% ? 
 
2. 
Data transmission over a radio channel exposed to Rayleigh fading. The modulation 
method is binary coherent PSK and the mean SNR is 13 dB. 

a. Determine the bit error probability for the transmission without diversity. 
b. Determine the number of diversity branches required to obtain a bit error 

probability lower than 10-5. The combining method is maximal ratio combining. 
c. What is the bit error probability for a channel only disturbed by AWGN for the 

same SNR? 
 
3.  
In a two-branch diversity system with the modulation method noncoherent FSK, selection 
diversity combining is used. The radio channel is slowly flat Rayleigh fading and the 
signal envelope in each branch is regarded as uncorrelated with the same mean energy. 
Determine the reduction (expressed in dB) in mean SNR obtained for a bit error 
probability of 10-4, if the combining method is changed to maximal ratio combining. 
 
 

Spread Spectrum and CDMA 
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