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Question 1

a) Describe the processes of the following OS] layers in regard to how they affect the design
of digital communication systems

i) Physical Layer {3}

ii) Data Link Layer (3]

iii} Network Layer [3]
b) Describe the following terms

i) Point-to-point communication [2]

ii) Point-to-multipoint communication (2]

iii) Broadcasting ‘ [2]
¢) Consider the MISO system in Figure 1 below, find the following

i) The SNR when MRC is employed with full CSI (6]

i) The channel capacity [4]
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Figure 1

Question 2

(a) One method to counter the practical difficulties of the Nyquist condition for zero ISl is
the using the Raised Cosine filter’

i)  Write the equation of the raise cosine filter [4]
i} Calculate the data rate(in b/s) that can be transmitted if we use 16-QAM
signalling with the raised-cosine pulses and a roll-off factor a=0.40 [4]
(b) Describe three timing features of the eye pattern. [5]
(¢} Consider a single input multiple output (Sll\gO) communication system
i) With an aid of a diagram describe the SIMO system : (4]
i) Give the equation of the received signal and the channel capacity. (4]
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() A DMS X has four symbols x;,xz,x3,%, with probabilities P(x;} = 0.4, P(xp) =
0.3,P(x3) = 0.2, P(X4) = 0.1
Find the amount of information contained in the messages x4 Xpx; x3 and X4X3 X3 X3.

[4]
Question 3

(a) An MPSK receiver can be reduced and be implemented by N = 2 correlators. With an
aid of a diagram describe how this simplification be can achieved and how the estimate
angle is obtained [8]

(b) A DMS X has four symbols x, x5, X3 and x4 with (x) = %,P(xz) = % , and P(x3) =
P(x,) = %. Construct a Shannon-Fano code for X, Show that this code has the optimum
property that n; = I (x;) and that the code efficiency is 100 percent. [8]

(¢) Consider a cooperative system where two users share information via a relay
(i) Describe the basic decode and forward (DF) scheme, use a diagram to support
your answer
5]
(i) Write the equation of the received signals at the relay and the destination during
phase | [4]

Question 4

(a) Describe the minimum distance decision rule in detection of signals in Gaussian noise.
Use diagrams and associated equations to support your answer.

[6]
(b) Consider a MIMO communication system,
(i) Give four benefits of a MIMO system [4]
(i) Given the channel matrix H and the covariance matrix R determine the channel
capacity (4]

(c) Show that the error probability of equal-energy signal for a BPSK receiver

P J’“’ 1 ( 1 (Z - ai)z) p
= T BX - z
d yoz(afz‘az)\/zn-go P 2 dg

.. results in Q (\/:) in AWGN o [6]

(d) Show that the channel capacity of an ideal AWGN channel with infinite bandwidth is
given by

Coo = > ~ 144~ - bis [5]
Inz2n

Question 5

(a) Digital receivers include Zero Forcing (ZF) receiver and a Minimum Mean Square Error
(MMSE) receiver. Given the channel matrix I, in both cases, show how the estimate of
the transmitted vector can be obtained from the received signal y. (5]




(b) Show that the matched filter of signal s(¢) is given by
_(st=T), for0=t=T
h(t) = {O, otherise 1]

(¢) Consider OFDM
(i) State the property of the subcarriers that makes OFDM symbols not to interfere

with each other and write the equation for the subcarrier [3]
(if) Given that an OFDM symbol is 10us long with a cyclic prefix of 2us, calculate
the SNR loss due to the insertion of the cyclic prefix [3]

(d) Given the convolutional encoder below
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(i) Find the generator polynomials for Path I and Path 2 [4]

(ii) Given the input sequence mr = 11011, find the encoder output sequence [5]
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