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Answer any five questions.
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Q1. (a) Using clear diagrams and necessary formulas, briefly explain the difference between
slow fading and fast fading. (4Marks)
(b) Define coherence time and coherence bandwidth and state their importance in
communicating over fading channels. : (4Marks)
(c) Consider a 2GHz cellular wireless base station with 50m height at the bank of a
large lake transmitting a signal to a mobile on a boat with 2m height which is
1km away from the base station. Let the communication take place completely
over a water surfa¢e which acts as a reflector with a reflection coefficient —1. Let
the antennas be with unit gains. Model this communication system using a two-
ray model and find the received signal power for a transmit power of 2.
(12marks)
Note: You need to consider the phase shifts introduced along the path.

Q2.
(a) Briefly explain the origin of shadowing. (4Marks)

(b) Shadowing may result in outages. Define outage probability. (4Marks)

(c) Consider a cellular communication system where propagation follows free space path
loss (P, = 1.5d*) plus log normal shadowing with ¢ = 6 dBm. Suppose that for
acceptable voice quality, a signal-to-noise power ratio of —100 dB is required at the
mobile. Assume the base station transmits at 1W and its antenna has a 20 dB
gain.There is no antenna gain at the mobile and the receiver noise in the bandwidth of
interest is —10 dBm. Find the maximum cell size so that a mobile on the cell
boundary will have acceptable voice quality 90% of the time. (12Marks)

Hint: For a Standard Normal random variable z, Pr(z > 1.31) = 0.1



Q3.

(a) Briefly compare the error performance in three diversity combining techniques equal
gain, selection and maximal-ratio. (3Marks)
(b) Prove that the maximal ratio combining provides the optimum overall SNR.
(7Marks)
(c) Consider an AWGN channel with N-branch diversity combining and y; = 10dB per
branch. Assume MQAM modulation with M = 4 and use the approximation p, =

1.5y
0.2 e M-1 for bit error probability where y is the received SNR.

(1) Find P, for N = 1 (4Marks)
(i1) Find N so that, under MRC, P, < 107° (6Marks)

Q4.
(a) List three uses of modulating the digital signals. (3Marks)

(b) Using suitable constellation diagrams and graphs compare the spectral efficiency vs.
error probability trade off in PSK and QAM digital modulation schemes. (6Marks)

(c) Consider the octal signal constellations shown in Figure-Q4. Let the nearest neighbor
signal points in both the constellations are separated by an equal distance A.

8-PSK 8-QAM
Figure-Q4

i.  Calculate a, b and 7 in terms of A. (SMarks)
ii.  Hence determine the average transmitter power required for two signal
constellations. Compare them. Assume that all symbols are equi-probable.

(6Marks)
Qs.
(a) List two differences between linear block codes and convolutional. (2Marks)
(b) Name a practical deployment scenario for each of these two categories of error
correction codes. (2Marks)




(c) Consider a linear block code with a parity check matrix H,

1100 1 00
H = ( 1 00 1 0 1-0 )

0110 0 01
Find,
1) the generator matrix (4marks)
(ii) the complete codeword set (4marks)
(iii)  the minimum distance (2marks)
(iv)  error correction capability of this code (Zmarks)

(v) syndrome vector for a an input bitvector (0 1 1 1 1 0) atthe
decoder. , (4marks)

Q6.

(a) Consider a cellular mobile network with hexagonal cells. Let R and D are the active
cell radius and distances from interfering cells respectively. Using at least two
examples show that the reuse factor N is related to R and D by,

2 =3N. (6Marks)
(b) Let y be the path loss exponent. Show that the worst case SIR is given by GI:_YY .
(4Marks)

(c) Consider an 8 time-slot TDMA based cellular system with hexagonally shaped cells
and with path loss exponent 2 for all signal propagations in the system. Find the

minimum reuse factor N needed for a target SIR of 10dB. (6Marks)
(d) Find the corresponding user capacity of a 25 cluster area for a total bandwidth of
20MHz and a required signal bandwidth of 100kHz. (4Marks)
Q7. (
(a) Compare three multiple access techniques, FDMA, TDMA and CDMA in terms of
capacity and the spectral efficiency. (6Marks)
(b) “CDMA is an interference limited system”. Discuss the validity of this statement.
' (4Marks)
(c) Show that for a BPSK modulated system with SNR y,,, bit error rate is given by P, =
Q(\/2yp). (4Marks)

(d) Consider a CDMA down link Wiﬂl bandwidth expansion EB‘? = 100. Assume the

system is interference limited and there are no multipath on any user’s channel. Use

the result in (c) to find how many users the system can support under BPSK

modulation such that each user has a BER less than 1073, (6Marks)
Note: Use the attached Q function tables.



QS.

(a2) Dynamic resource allocation is very popular in wireless communication. Explain how

a dynamic power allocation can be carried out. (4Marks)
(b) Cognitive radio systems provide efficient use of spectrum. Explain the basic function
of cognitive radio. (4Marks)

(c¢) In a cognitive radio based system, the probability of occupancy of a 10kHz
bandwidth centered on frequency f by the primary users is given by a pdf g(f) =
Ae™ where 1 is a constant. Also, let the secondary users have a frequency dependent
bandwidth requirement of 2f kHz. Calculate the outage probability of a secondary
user in this system. (8Marks)

(d) Discuss two common issues arise in a cognitive radio system. (4Marks)
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