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General instruction(s):  

• Answer All Questions  

• M - Max mark; CO – Course Outcome; BL – Blooms Taxonomy Level (3 – Apply, 4 – 

Analyse) 

• CO-3 Demonstrate the principles of multicarrier modulation. 

• CO-4 Select a suitable diversity technique to combat the multipath fading effects. 

• CO-5 Identify suitable MIMO techniques to enhance the spectrum efficiency. 

Q. No Question M CO BL 
1. A Wi-Fi system using a 20 MHz bandwidth employs a 1024-subcarrier 

OFDM system. Compute: 
i. The bandwidth of each sub-carrier 
i. The OFDM symbol duration without a cyclic prefix 

ii. The OFDM symbol duration with a 16.67% cyclic prefix 
iii. The number of samples in the cyclic prefix 
iv. The percentage loss in spectral efficiency due to CP 

 

 

10 

3 3 
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2. Consider an OFDM system with 512 sub-carriers and 24 wireless 

channel tap with SNR of 25 dB. Compute the BER of the OFDM system. 
Calculate the percentage change in estimated BER, when channel SNR 
drops to 20 dB under the effect of frequency offset.  Will there be any 
change in the calculated SINR if the system suffers 6 % carrier 
frequency offset? Comment on your finding.   
 

 

 

10 

3 3 

3. Consider an L=2 receive antenna system with BPSK modulation having 
instantaneous channel coefficients that are ℎ1 = 2 − 𝑗 and ℎ2 = 1 + 2𝑗 
The received signals at different antennas are 𝑦1(𝑘), and 
𝑦2(𝑘)corrupted by noise 𝑛1(𝑘)and 𝑛2(𝑘) which are Gaussian-

[2.5*4] 
= 10  

4 3 
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distributed random variables with variance 𝜎𝑛
2 = 1. Estimate the 

following: 
i. Consider an Equal Gain Combining (EGC) diversity 

technique applied at the receiver and derive the optimal 
weight vector. 

 
ii. If the SNR at the output of the EGC combiner is found to be 

10 dB, then find 𝐸{|𝑥(𝑘)|2}. 

 
iii. Calculate the instantaneous BER at the output of the EGC 

combiner. 
 

 
iv. If a third antenna is added in the EGC combiner with 

channel coefficient           ℎ3 = 1 + 𝑗, evaluate the effects of 
the instantaneous BER compared to the previous 
configuration. Calculate the percentage improvement in 
BER performance. 
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4. a) Find the difference in SNR (dB) for a wireless system with L= 4 for 

MRC and wireline channel to achieve a BER =10−8.  

 

 
b) For a SIMO communication system, find the number of receiving 

antennas if the probability of deep fade is 1.3 × 10−3  with SNR = 13 

dB. 

[5+5] = 
10 

4 3 
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5 Consider a MIMO channel matrix 𝐻 is given as 

 

𝐻 = [
1 −1
2 2
−1 3

] 

If two symbols, 𝑥1 and 𝑥2, are transmitted simultaneously, the receive 

signal and AWGN noise at each antenna are denoted by 𝑦𝑖  and 𝑤𝑖, 

respectively, where i = 1, 2 and 3. Noises are independent and 

identically distributed with a variance of -3 dB. Find the following for 

zero-forcing receiver: 

i) Find the estimated signals 𝑥1̂ and 𝑥2̂ at the receiver. 

ii) Find the noise covariance.     

 

[5+5] = 
10 

 
 

 
 
 

5 3 
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