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Instructions to the candidates: : - R

' Assume that the target t of the @ function is 13.8 dB and 15 dB for average error A 3
rates of 1076 and 1.8 x 10”° respectively when using M-ary pulse amplitude modulation
(PAM) and quadrature amplitude modulation (QAM) systems.
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The Questions

1. Answer the following subquestions.

(a) Prove that ‘ - [5]

¢1(t)=\/gms(2?r(fc+%) t) for 0 <t < T and
¢2(t)=\/_%_sm(2ﬂ(fc+;)t) for0<t<T

are orthonormal basis functions for any integer k =1,---, N.
(b) Consider the orthonormal basis functions

[ /2 T
= P Dt
¢1(t) = T forO_t_z ,B.Ild
0 otherwise
2
R —-<t<L
&) = { YT PrgstsT
0 otherwise

and also the vectors

Plot the time waveforms z; (t) and 3 (t) which are constructed using the above  [5]
vectors and orthonormal basis functions. Calculate the signal energies £; and &
and also the Euclidean distance between z; (t) and z2 (t).

¢) Consider an AWGN system with a SNR L of 22 dB, a target probability of error
pe

P.=10"5, and a symbol rate % =8 KHz.

' b
i. Find the maximum data rate R = T kHz that can be transmitted when using

A. Pulse Amplitude Modulation (PAM) . 1]
B. Quadrature Amplitude Modulation (QAM). . (1]

ii. What is the Nearest Neighbour Union Bound (NNUB) normalized probability  [3]
of error F, for the systems used in part 1.c. above ?

" (d) A speech signal is sampled at a rate of 8 kHz, using 8 bits/sample. The Pulse
Code Modulation (PCM) encoded data is transmitted through an AWGN baseband
channel via an M-level PAM encoder. Determine the symbol data rate required  [5]
for transmission when
i. M=4,
ii. M =8, and
iii. M=186.
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2. Answer the following subquestions.

(2) Consider the four-level and eight-level phase modulation system constellations
shown in the following figure

\

M=3

1. Determine r; and rs if the minimum distance between two adjacent points in
the two constellations is to be d.

ii. From this result, determine the additional transmitted energy required when
using the 8-PSK system if the same error probability is to be achieved when
using a 4-PSK system. You may assume that only errors associated with
adjacent points are significant.

(b) Consider the four-level and eight-level PAM signal constellations shown in the
following figure

M=4
I IR N S
D:) 10{171 0; -
M=8
'-?-5-9-311%%7_
00 001 101 100 190 111 of o0

Plot the baseband signals, z (¢), associated with the use of these constellations for
M = 4 and 8 when transmitting the signal sequence is
(1101 11 0} 0! 0! 1! 11 0} D) 11 l'.l 0! 11 0] UI 0'.' 1! 01 0! 0! 0! Ol 1) e
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The minimum distance between adjacent points is 24. Determine the average
transmitted energy for each constellatiqn assuming that the signal points are equally
probable. Which constellation is more power efficient?
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3.-Answer the following subquestions.

(2) A voice-band telephone transmission is limited to the frequency range 300< f <
3000 Hz. Arrive at a symbol rate and the size of power efficient constellation to 2]

achieve a data rate of 9600 bits/sec explaining carefully the reasons for your choice.
If a square-root raised cosine pulse, g (t), is used for the transmitter pulse select 2]

the roll-off factor.
(b) In a binary PAM system, the input to the detector is

Ym = Zm + N + i

where z,, € {1} is the desired signal, n,, is a zero-mean Gaussian random variable
of variance o2 and i,, represents the Inter-Symbol-Interference (ISI) due to channel
distortion. The ISI term is a random variable which takes the values %, 0,—-;- with
probabilities %, %, % respectively. Determine the average probability of error as a [3]
function of o2.

(c) Consider a communication channel with the pulse energy, p, and sampled auto-
correlation function Q (D) given as follows

o/ =1+ aa* 0< o<1
a*D7! 4 |p]? + oD

QD)= .

Ipf? ;

i. Assume that the matched filter bound is SNRy)rp. Find the coefficients for [3]
the zero forcing equaliser, Wzrg (D), and minimum mean square error linear

equalizer, Wymse-LE (D). Use the variable b = |p|* ( 1 + - . in'your
SNRyFB

expression for WM MSE-LE (.D) f
ii. Find the roots 1, r3 of the polynomial [2]

aD? 4+ bD + a*.

Show that (b? — 4aa*) is always a positive real number provided |a| # 1. Let
r2 be the root for which |ro| < [r1]. Show that ryrj =1.
ili. Use the previous results to show that for the MMSE-LE 2]

___Inl 1 Ie
Wumse-Le (D) = a(ri—r)\D—-r1 D-rp /"

iv. For the channel considered in part c.i above, show that the canonical factor- 2]

ization is 1
- s -1 L aF
Q (D) + Ve Yo (1 roD ) (1-m3D).
What is 7, in terms of a and 4? : 2]
v. Find the feedback B(D) and feedforward W (D) filter coefficients for the MMSE [2]
DFE.
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4. Answer the following subquestions.

(a) The data rate, R = b/T, of a multi-tone system with a set of 8 sub channels is to
be maximized. In the system, 1/T is the symbol rate, and the term b .

8 8
1 1
b= 5 E bp = §n=il 10g2 (1 + Engri.)

n=1

is the largest number of bits that can be transmitted over the parallel set of 8
channels. In the equation for b, the term g, = |Hp|* /o2 represents the subchannel
signal-to-noise ratio when the transmitter applies unit energy to that subchannel.
The 'termﬁ‘s,:'fﬂﬁl"and"uﬁ correspond to the energy, the channel gain and noise
variance in the n'® subchannel respectively. Using Lagrange multiplier method
show that the following set of linear equations

10 0 - =1 €1 ~1/;
) g2 -1/g9

0 : . — :
s 1 '
13 —1/gs

11 1 0 |pg Sg/f

provide solutions for energy distributions in each subchannel, where K is a constant

8
and 8%, = Y éen.

n=1
(b) While the SNR gap may be fixed for often-used constellations in multi-tone mod-
ulation systems, this gap is a function of two other parameters.

i. What are these two parameters?
ii. Based on your answer to part b.i above, how can the gap be reduced?
iii. A 16 (b=4,) QAM channel having SNR = 25dB is to have an average error
probability, P. = 10~5. What is the margin for this transmission system?
(c) An N =8 dimensional multi-tone modulation signal is transmitted over a channel
with the gain _
H(f) =1+ 0562,
The signal SNR is &, |2 /o® = 10 dB and the average energy &, = 1. Assuming
that target argument of Q-function is 9 dB, calculate the average number of bits b
per dimension if the total energy is distributed equally among each dimension.
(d) For the channel in problem (4.c),
i. calculate the multi-channel signal-to-noise-ratio, SNRpq v, for a set of parallel
channels using the exact formula and the geometric mean SNRg., for a gap
value of ' = 8.8dB.

ii. Compare the difference between he SNR)rp and the exact SNR,, ,, for the
channels with the transfer functions 1 + 0.5D! and 1+ 0.9D71,
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