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Instructions:
. This is a closed-books/notes exam.
. Read the questions carefully. Plan which question to start with.
. CLEARLY LABEL ALL SIGNIFICANT VALUES ON BOTH AXIES OF ANY SKETCH.
. Work in your own and Show ALL IMPORTANT STEPS.
Strictly no mobile phones are allowed.

Useful Formulas:

Sulf) = 2 IGDISI ()

SN = ) Riexp(~j2mfkT)

k=—o0

g, = [ lg(®)|%dt,

X(f)=f x(t)exp(—j2mft)dt

Good luck

Dr. Ali Mugqaibel




Problem 1: In the following statements, correct the mistake (minimum change).
a. In a set of biorthognal signals, the correlation between any waveforms can take one of two values 0 or +1.
In a set of biorthognal signals, the correlation between any waveforms can take one of two values 0 or - 1.

b. Simplex signals require half the energy compared with non simplex for the same error performance.
Simplex signals require less energy compared with non simplex for the same error performance.

c. QPSK is a special case of continuous phase frequency shift keying (CPFSK)

GMSK is a special case of continuous phase frequency shift keying (CPFSK) .some may wrote MSK instead of GMSK

Complete the phase transition diagram for OQPSK (1 point)

v

For the same data sequence, identify the waveform as (FSK, QPSK, OQPSK, MSK, ASK) indicate
all correct answers. (2 points)
Uppper (OQPSK), Middle (FSK, MSK), Lower (QPSK)
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For 8-PSK, sketch the constellation diagram and find the minimum distance in terms of the energy
per bit (Ep). (4 points)

E, = 3E,

r = JE, = \[3E, e AN

With geometry (required but not shown here), we can show that : d
d the minimum distance ¢ 3
r \ !
d= \ /
1.306 ‘\\ K
Hence X P

d =1.326,/E, R



Problem 2: Spectrum of Digitally Modulated Signals (10 points)

The information sequence {a, }n-_o is a sequence of iid random variables, each taking values +1
and -1with equal probability. This sequence is to be transmitted at baseband as
oo

&
SO = ) ayg(t—nT) 4
. . n=—oo 1
where g() is shown in the figure. T
(a) Find the power spectral density of s(z). 0 7
-1
Since : p, =0, (7;;) =1, we have : & (f) = . But :
TS TsinwfT/2 _ 95 fT /4 sinwfT/2 _9q4
G(f) = -’j;f—ffﬁm e=dmIT/4 _ T “lf;'" —j2nf3T/4
= %‘m f‘r = —}Tﬂ[)jwm;ij
sin 2w fT/2 i
= 4T ”.l-rj?{-"ﬂ eI =
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(b) We would like to have a zero in the power spectrum at /=1/7. To do that, we use a preceding
scheme by introducing b,, = a,, — ka,,_1, where k is some constant, and then transmit the
{b,} sequence using the same g(?). Is it possible to choose k to produce a frequency null at
f=1/T? if yes what are the appropriate values and the resulting power spectrum.

LIG(f) Dw(f). But

d’bb("l) = E n+m n]
— E an+man] +AE an+m lan} +AE[(1,I+,”(L" 1] +l\ E[an«Hn 10p— 1}

1+ k2, m=20
k, m= =1
o.w.

Dy (f) = Z dw(m)e —amimT — 1 4 k% 4 2k cos 2n fT

m=—o0

Hence :

We want :
P (1/T)=0= p(1/T) = 0= 1+ +2%k=0=k=—1

and the resulting power spectrum is :

b (f)=4T (%)“ Sil’lZWfT

(¢) Now assume we want to have zeros at all multiples of fj=1/4T. It is not possible to use the
previous pre-coding. What kind of pre-coding to achieve the desired results? Justify (Bonus)

(c) The requirement for zeros at f = [/4T, | = &1, £2, ... means : @y (1/4T) =0= 1+ k%> +
2k cosl/2 = 0, which cannot be satisfied for all [. We can avoid that by using precoding in the

form :b, = a,, + ka,_4. Then :

1+ k2, m=0
k, m=+4 5= ®u(f) =1+ k> + 2kcos2n fAT

0, 0.W.

Opp(m) =

and | similarly to (b), a value of &k = —1, will zero this spectrum in all multiples of 1/4T.



Problem 3: Matched Filter Receiver (10 points)

A signal g;(¢) is transmitted over an AWGN channel and received using a matched filter receiver.

g1(9) g1

I
4 7=8 4 T=8

(a) Sketch the impulse response of the matched filter, and the matched filter response to g,(¢). (5 points)

h(¥)
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(b) If the input signal g(¢) is corrupted with zero mean white noise with variance 0.1 , what is the
output SNR of the matched filter. (2 points)

[f the variance of noise is given =0.1, it must be band limited and the answer will be function of B

Power of the zero mean filtered noise =62 = Ny,B = 0.1 => N, = % depends on B

SNR=2¢/N;=2(40)B/0.1=800B Note that as we increase the noise bandwidth the SNR ration
improves because the noise power is fixed which mean Nj is less.

(c) What is the advantage of using matched filter over correlator? (1 point)
More immune to time jitter.

(d) Another system operates by transmitting the triangle pulse g»(f) over the same channel, then
feeding the received signal to a filter matched to g»(#). Determine the peak value 4 that will make
the performance of the two systems identical with respect to (SNR) at the output of the matched
filter. (2 points)

To get the same performance, the energy of the two signals must be the same. The energy of g;(?) is
40. The energy of g»(¢) notice the symmetry.

A N 242 8
:Zj;) (Zt) dt:m(64):§142

Equate to 40 yields
S A?=40 => A=A = +V15



