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Special Instructions for Invigilators: None

Information for candidates:

Useful equations
Suppose g(t) and G(f ) are Fourier transform pairs such that

glt)= G(r)

where

6(f)= [e@explc 122 £ 1)d and

€)= [o()expli27 £ 1)

Then the following Fourier transform relationships might be useful
2)= rect(—;;) o G(f)=Tsine(f T)

gt)=6() < G6(f)=1

( l-a
T, Os|f|s?T—
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a)  Consider the signal waveform

[6]
()z ple-iT,)

where ff) is a rectangular pulse of unit amplitude and duration T,. The {c;} may
be viewed as a code vector C=[c,, Cyy €3, c,,], with ¢; =+1. Show that
the filter matched to the waveform s(f) may be realized as a cascade of a filter
matched to p(t) followed by a discrete-time filter matched to the vector C.
Determine the value of the output of the matched filter at the sampling instant

t=nT..

b) For the QAM signal constellation shown in Figure 1.1,

i)  determine the optimum decision boundaries for the detector, assuming that (2]
the SNR is sufficiently high so that errors only occur between adjacent
points.

ii)  Specify a Gray code for the 16 QAM signal constellation shown in Figure (2]
1.1.

Figure 1.1

Ouestion continued over
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c)

d)

Consider 8-point QAM constellation shown in Figure 1.2

L B

-
L

8-PSK

Figure 1.2

i) Assign three data bits to each point of the signal constellation such that
nearest (adjacent) points differ in only one bit position.

ii)  Determine the symbol rate if the desired bit rate is 90 Mbps.

iiiy Compare the SNR required for the 8-point QAM modulation with that of an
8-point PSK modulation having the same error probability.

iv)  Which signa!l constellation, 8-point QAM or 8-point PSK is more immune to

phase errors? Explain the reason for your answer.

In an MSK signal, the initial state for the phase is either 0 or 7 radians. Determine

the terminal phase state for the following four input pairs of input data

00,
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a)

b)

d)

A band-limited signal having bandwidth # can be represented in terms of its

samples {x, }

& sinpzw(-n2w)
x(t)—n;nx" 27:W(tin/2W) '

i)  Determine the spectrum X (/) and plot |X (r } for the following case

x,=-1 x=2, x,=-1 x,=0, n¥-10]l.

ii) Plot x(t) for this case.

iii)  If this signal is used as a pulse shaping function for binary transmission,
determine the number of received levels possible at the sampling instants

t=nT=n [2W and the probabilities of occurrence of the received levels.

Assume that the binary digits at the transmitter are equally probable.

A 4-KHz band-pass channel is to be used for transmission of data at a rate of 9600
bits/s. If %No =107 W/Hz is the spectral density of the additive zero-mean

Gaussian noise in the channel, design a QAM modulation scheme and determine
the average power that achieves a bit error probability of 107%. Use a signal pulse

with a raised cosine spectrum having a roll-off factor of at least 50 percent.

The Nyquist criterion gives the necessary, and sufficient, condition for the
spectrum X ( f ) of the pulse x(t) that yields zero ISI. Prove for any pulse that is
band limited to |f]<1/7, the zero-ISI condition is satisfied if Re[X ()], for
f >0, consists of a rectangular function, plus an arbitrary odd function, around
f=1/2T,and 1m[X(f)] is an arbitrary even function around f = 1/2T.

A non-ideal band-limited channel introduces ISI over three successive symbols.

The (noise-free) response of the matched filter demodulator sampled at the

sampling time kT is

gb k=0
- 109z, k=21
—;[s(t) s(t—kT)dr = Ol kei2

0 otherwise

Determine the tap coefficients of a three-tap linear equalizer that equalizes the

channel (received signal) response

& k=0,1
Ve 0 otherwise.
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a)

b)

The block diagram of a binary convolution coder is shown in Figure 3.1

k=1 1
—>
n=3
253
Figure 3.1
i) Draw the state diagram for the code.
ii)  Assume that a message has been encoded by this code and transmitted over

a  binary-symmetric  channel. If the received sequence is
r=(110, 110, 110, 111, 010, 101, 101}

using the Viterbi algorithm, find the transmitted bit sequence.

A trellis-coded signal is formed as shown in Figure 3.2 by encoding one bit by use

of a rate % convolutional code, while three additional information bits are left

uncoded. Perform the set-partitioning of a 32-QAM (cross) constellation which is

shown in Figure 3.3 and indicate the subsets in the partition. By how much is the

distance between adjacent signal points increased as a result of partitioning?

* L J [ L J
[ ] ® ® [ J [ J ®
[ ] o [ J [ ] L ] L ]
o
® Coded bits
@ [ ] L ] L ] ® L ] ®
@ @ o [ ] [ 4 [ ] * [ J
@ @ * [ 4 ® L J
Figure 3.2 Figure 3.3 Question continued over
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c) A trellis coded modulation system uses an 8 PSK signal set with constellation
points S, =(0.9239,0.3827), S, = (0.3827,0.9239), S, =(- 0.3827,0.9239),

S, =(-0.9239,0.3827), S, =(-0.9239,- 0.3827), S, =(-0.3827,-0.9239),
S, =(0.3827,-0.9239), S, =(0.9239, - 0.3827). The rate % convolution encoder

shown in Figure 34» is used to partition the signal constellation points in

accordance with Ungerberg’s set partitioning rule.

| Fiphop ! 8PSK

taput : } signal mapper Most significant bit

o—tg> > ]
b : I>fo 0001111
' i N __iyloo0110011
! A ioi1o010101
: asder | 4567
H 0123 oz Output
Rate-1/2 convolulional encoder
Figure34.

The trellis diagram for the encoder is shown in Figure 35

Assume that the channel is additive zero-mean white Gaussian noise, and at the

output of the matched filters the sequence

r, =(0.910,0.390), r, —(0.390,-0.940), r, =(0.340,0.940), r, = (-0.390,0.950),
r, =(-0.430,0.900), 7 =(0.870,-0.370), r, =(-0.370,-0.890),
r, = (0.880,-0.350), r, =(0.930, 0.350), r, =(0.420,0.910), 7, =(-0.400,0.970)

is observed over ten symbol periods. What is the most likely transmitted sequence?
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b)

The input SNR as a function of frequency for an OFDM system is

LS50

_ 1.5f N , -
SNR(dB)—306XP(- W) (:" 30 9*() ( LAY oY

The transmission channel is divided into 256 frequency bins such that the
frequency f,=25 kHz and f,;, =1124.7 kHz are the centre frequencies for the

first and last bins respectively. Each frequency bin has a bandwidth A f=4.3125
kHz. The symbol period is T'=250 ps. Calculate the total bit rate for an average

symbol error rate of P, =0.05.

Assess the cost of the cyclic prefix (used in multi-carrier modulation to avoid ISI)

in terms of
i) Extra channel bandwidth.

ii)  Extra signal energy.

Describe how, for a rate 1/3 turbo encoder, the turbo decoder recursively calculates
the probability density functions

7:(s',5), pdf for moving from state s, , to s,

B, (s), pdf that the data sequence ¥,>¢ Will be received given that the trellis is in

state s, at time k and

a,_,(s) pdf for being in state s, and a data sequence 7 & has been received.
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