Paper Number(s): E4.04
SCé6
ISE4.9

IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE
UNIVERSITY OF LONDON

DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING
EXAMINATIONS 2002

MSc and EEE/ISE PART IV: M.Eng. and ACGI

ADVANCED DATA COMMUNICATIONS

Tuesday, 7 May 10:00 am

There are FOUR questions on this paper.

Answer THREE questions.

Corrected Copy

Time allowed: 3:00 hours

Examiners responsible:

First Marker(s): Gurcan,M.K.

Second Marker(s): Constantinides,A.G.



Special Instructions for Invigilators: None
Information for candidates:

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

gl)=G(f)

where

6(£)= [l)esp(- 27 £ ) and

)= Jolr)exe(i27 1 )dr-

Then th: following Fourier transform relationships might be useful
g(t)=rect(%) o G(f)=Tsinc(f T)
g)=115C-n)+(+u)] e GU)=cosler /1)
g0)=sinGr f.0) & (=510 -1)-o(r+£)]

gl)=60) = G(f)=!

T,

l-a
os|f|s§

x(t):sinc(—t—)_cis_(zt—}- & Xm(f)ﬂ%{1+cos(_";T-(|f|-‘_2t§))}, ‘2_';-<|f|s12+_T“-.

T

0,

L

1+a
|f|>-2'T—
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b)

A Hadamard matrix is defined as a matrix whose elements are £1 and has row
vectors which are pairwise orthogonal. In the case when n is a power of 2, an

nxn Hadamard matrix is constructed by means of the recursion

1 1 H, H,
H,= and H,,= .
1 -1 H, -H,

n
i) Let c, denotethe i™ row of an nxn Hadamard matrix as defined above.

Show that the waveforms constructed as
s,-(t)=Zc,.,r p(t—ch), i=12....... n
k=1

are orthogonal, where p(t) is an arbitrary pulse confined to the time interval
0<t<T,.
ii)  Show that the n matched filters (or cross correlators) for the n waveforms

{s,(r)} can be realised by a single filter (or correlator) matched to the pulse

p(t) followed by n correlators using the code words £}
The discrete sequence

=N cp e, k=12 -n

represents the output sequence of samples from a demodulator, where ¢, =+1 are

elements of one of two possible codewords ¢; = [LLL,........... 1] and

c, = [1,1,1, ...... ~L-1-1-1.....— 1]. The codeword ¢, has w elements which are +1

and n-w elements which are —1, where w is some positive integer. The noise

sequence {n, } is white Gaussian with variance o’.Theterm ¢, is the bit energy.

i) What is the optimum maximum-likelihood sequence detector for the two
possible trénsmitted signals?

ii)  Determine the probability of error as a function of parameter (0'2 ,a,,,w).

iii)  What is the value of w that minimises the error probability?

Consider the four-phase and eight-phase signal constellations shown in Figure 1.1.

‘Determine the radii #, and 7, of the circles such that the distance between two

adjacent points in the two constellations is d. From this result, determine the
additional transmitted energy required in the 8-PSK signal to achieve the same
error probability as the four-phase signal at high SNR where the probability of

error is determined by errors in selecting adjacent points.

Question continued over
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Figure 1.1

d) Ina MSK signal, the initial state for the phase is either 0 or # radians. Determine

the terminal phase state for the following four input pairs of input data (a) 00, (b) {31
01, (c) 10, (d) 11.
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b)

Consider a four phase PSK signal that is represented by the equivalent lowpass
signal.

)= T, 2le-n7)

+
where a, takes on one of the four possible values _j[_J with equal probability.

N+

The sequence of information symbols {an} is statistically independent.

i)  Determine and sketch the power-spectral density of v(t) when 3]
4, 0<t<T
t)= .
g( ) {0, otherwise
ii)  Repeat part i) when (31

wt
Asin™t,  o0<t<T
g)=" "2 =r=t

0, otherwise

The frequency-response characteristics of a low-pass channel can be approximated
by

H(f)={1+acos2ﬂfto, ler| <1, |fl=w

0, otherwise

where W is the channel bandwidth. An input signal s(t) whose spectrum is band
limited to W Hz is passed through the channel.

i) Show that the filtered signal is given by y(t) = s(t)+ % [s(t =1 ) + s(t +1, )] [2]

ii) Suppose the received signal y(t) is passed through a filter matched to s(¢).

(2]
Determine the output of the matched filter at ¢ =kT, k=0xL12,.........
where T is the symbol duration.
iii)  What is the ISI pattern resulting from the channel if t, =T ? 2]

Question continued over
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d)

Show that a pulse having the raised cosine spectrum given by

1-a
T, 05|f|s§1—1
T zT 1-a 1-a 1+a
XWH5{“‘”{7(‘“’7)]}’ e V1sor
1+a
> >

satisfies the Nyquist criterion given by equation

1, n=0

x(nT) - {O, nz0

for any value of the roll-off factor @ . Here n is an integer.

An M-ary Pulse Amplitude Modulation communication system transmits data at a

rate of 4800 symbols/s over a channel with frequency (magnitude) response
C(f)=—me for |A|<W
1+ (—f—)
W
where W=4800 Hz. The additive noise is zero-mean, white, Gaussian with power

spectral density N, /2=10" W/Hz.

i) Suppose that we select the filter at the transmitter to have the frequency
JX 1))
response Gp (r )=———E‘RT‘}—)—exp(- j2r ft,). Here t, is a suitable delay to

ensure casuality. Determine the magnitude of the transmitting and receiving
filter characteristics.

ii)  Assume that the transmitting and receiving filters satisfy

lGr(fl IGR(fX=XRC(f)'
If the channel, C(f ), is equalised by a zero forcing equaliser, determine the

value of the noise variance at the sampling instants and the probability of

€ITor.
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a)  The convolution encoder shown in Figure 3.1 is used to send the data sequence

11011

over a binary symmetric channel.

"y i First
‘L { code symbol
Output
branch word
{

“ﬁ{wm‘

Figure 3.1

Assume that the encoder is initialised with data 0 0 0.

i) Draw the trellis diagram for the encoder. [3]
ii)  Produce the transmitted codeword. (3]
iii)  If the received sequence is [5]

1101011001
using the Viterbi algorithm identify the surviving paths over a five symbol
period and hence show how the Viterbi algorithm corrects the received

sequence.

b)  The truncated encoder given in part a is used in a soft decision system. The binary
input discrete multi channel for this system is shown in Figure 3.2 together with the
channel transition probabilities along with log-likelihood metrics for all the

transitions.

In{Pr(0| 0)] =1n [Pr(3| 1)] = In{0.80] = -0.22
W[Pr(1 | O)]=1n[Pr2l D]1= 1n[0.15]=-1.90

In{Pr(2] 0)1 =1n [Pr(1]| B} =1n[0.04] =-3.22

In{Pr(3] 0)] =In [Pr0] 1)] =1nf0.01] = —4.61

Figure 3.2

Use the trellis description of the encoder and the soft decision received sequence
32213332023203 to

i) Produce the branch metrices and surviving paths over six symbol periods. [4]

ii)  Decode the soft decision received sequence. 5]
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a)

b)

A trellis-coded modulation system uses an 8-ary PAM signal set given by
{1, £3, £5, +7} and the 4-state trellis encoder shown in Figure 4.1
i) Using the set partitioning rules, partition the signal set into four subsets. [3)

ii)  If the channel is additive white Gaussian noise, and at the output of the [5]
matched filter the sequence (—0.2, 1.1, 6, 4, -3, -4.8, 3.3) is observed,

what is the most likely transmitted sequence?

(N
Uncoded bit .
Figure 4.1
Design an OFDM system with the following requirements ' [5]

e Bit rate 30Mbps.
e Tolerable delay spread 400 ns.

s Bandwidth less than 13 MHz.

Suppose that a turbo encoder is described by the trellis shown in Figure 4.2 where
we assume that the depth of the trellis for the received sequence is N stages and we

are considering stage i.

i) Describe how the BJCR algorithm is used recursively to calculate the log- 5]
likelihood ratios. 2]

ii)  Describe how the decoder bit error rate performance improves as the number

of iterations increases.

@ ~e

Figure 4.2
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