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  SEVENTH SEMESTER B.TECH. (E & C) DEGREE END SEMESTER EXAMINATION    

   JANUARY/FEBRAURY 2021 

SUBJECT: WIRELESS COMMUNICATION (ECE - 4101) 

 

TIME: 3 HOURS                                                                                                 MAX. MARKS: 50 

Instructions to candidates 

 Answer ALL questions. 

 Missing data may be suitably assumed. 

 

1A. Consider a time-invariant block fading channel with frequency response 

 
For a transmit power of 10mW and a noise power spectral density of .001μW per Hertz, find 

the optimal power allocation and corresponding Shannon capacity of this channel. 

1B. For a cellular system the reference distance for the antenna far field is 100 m and the path-

loss exponent is a random variable taking on values 2, 2.5, 3 and 4 with probabilities 0.4, 

0.3, 0.2 and 0.1 respectively.  Assume a receiver at a distance of 1000 m from the transmitter 

with average transmit power constraint of 100 mW and a receiver noise power of 1mW.  

i. Assuming that both transmitter and receiver have CSI, find the distribution of the 

received SNR  

ii. Assuming only receiver CSI, determine the ergodic capacity per unit bandwidth for this 

channel  

iii. Assuming both receiver and transmitter CSI, derive the optimal power adaptation 

policy for this channel and its corresponding Shannon capacity per unit bandwidth  

iv. Assuming both receiver and transmitter CSI, determine the zero outage capacity per 

unit bandwidth of this channel. 

(5+5) 

2A. Consider a flat fading channel of bandwidth 20MHz and where, for a fixed transmit power

P , the received SNR is one of three values: 1 = 20dB, 2 = 10dB, 3 = -5dB. The probabilities 

associated with each state are p1 = 0.25, p2 = 0.4 and p3 = 0.35. Assume that only the receiver 

has CSI. (a) Find the Shannon capacity of this channel. (b) Plot the capacity versus outage 

for 0 1outP   and find the maximum average rate that can be correctly received (maximum 

Cout). 

2B. Consider a cellular system where the received power is log normal distribution with mean μ 

dBm and standard deviation σψ dBm. Assume the received signal power must be above 

10dBm for acceptable performance 

Reg. No.           
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i. What is the outage probability when log normal distribution has μψ=12 dBm and   σψdB=6 

dBm 

ii. For σψdB=8 dBm find μψ required for the outage probability to be less than 5% 

(5+5) 

3A. Consider the set of empirical measurements as shown in the below table. For indoor system 

at 900MHz. 

Path Loss Measurements 

Distance from the Transmitter Pr/Pt 

10m -75dB 

20m -95dB 

45m -110dB 

65m -130dB 

85m -150dB 

i. Find the path loss exponent that minimizes the mean square error    between simplified 

model and the empirical dB measurements. Assume d0=1m and K is determined from 

free space path gain formula at this d0. 

ii. Find the variance of a log normal shadowing about the mean path loss based on empirical 

measurements. 

iii. Find the received power at 250m for the simplified path loss model with this path loss 

exponent and transmitter power of 1mW. Justify your answer. 

3B. Consider two wireless systems. For the first one, its signal bandwidth is much smaller than 

the coherence bandwidth of the channel whereas the second one employs a signal bandwidth 

that is much larger than the coherence bandwidth of the channel. Which system is best suited 

for employing frequency diversity techniques? Justify your answer with sufficient diagrams. 

(5+5) 

4A. Sketch power delay profile for below mentioned situations: 

i. multiple obstructions close to each other  

ii. multiple obstruction with separation  

iii. no obstruction  

iv. d) weak multipath with lesser delay and strong multipath with higher delay 

4B. Determine the average bit error probability for a binary communication system using non-

coherent FSK, if the system uses 3 independent diversity branches with selection combining 

(SC). The mean SNR is 20dB in all the branches. Suppose, if the same communication 

system employs a DPSK system, what happens to the average probability of error. With 

suitable equations, comment on the SNR required for a DPSK in comparison to non-coherent 

FSK system. 

(4+6) 

5A. A wireless scheme has to be designed by considering the following attributes of a system. 

Diversity order preserved should be 2, Rank of a system should be 2, and the system should 

not use CSI at the Transmitter.  Design the above system with proper mathematical 

calculations for each attribute defined, and also prove that this system suffers a 3dB 

deterioration in SNR. 
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5B. Consider the 4 × 4 MIMO channels given below. What is the maximum multiplexing gain 

and diversity gain of each, how many independent scalar data streams can be supported 

reliably? Use a pictorial representation to show the working scheme. 
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5C Consider a 3 × 3 MIMO channel matrix. The 3rd channel corresponding to the designed 

MIMO scheme fails to reach the receiver due to severe attenuation over a Rayleigh fading 

scenario. Design a channel matrix with 2 nonzero singulars. Write the channel matrix H 

which satisfies the decomposition matrix. 

(4+3+3) 

Q Table 


