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1. (10%) Explain what carrier and symbol synchronization are in a communication system.

2. (10%) Consider a random variable X with the distribution:
p(X=k)=p(1-p)", k=1234,....
Show that H (X)=-log, p —lg—plog2 (1-p).
p

Hint: H(X)= E[-log, p(X)].

3. (25%) Consider a passband signal given by
x(¢) = sinc’ (1) (1 + Acos 4m) cos (wcr + %J ,

where w, > 4r.

(a). (10%) Plot the frequency response |X (w)‘ where X (w) is the Fourier transform of x(¢).

1t

) F
sinc(t) — >
Hint: 050" 05

(b). (5%) Find the equivalent baseband signal of x(f).
Hint: cos(A+ B)=cos(4)cos(B)-sin(4)sin(B).

(c). (10%) Find the Hilbert transform of x(7).

Hint: Let Hilbert transform of x(f) be ;c(t) f{;c(r)} =—j sgn(w)}"{x(r)} .
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4. (20%) Consider a sequence {an}:;_w of independent and identically distributed (i.i.d.) random

variables. Each a, takes value of +1 and -1 with equal probability. Let the transmit sequence

b, =a,—a,_ . The sequence is then transmitted by the baseband signal s(¢), which is given by

n

s(t)= Y b,g(t-nT),
where g(¢) is shown in Fig. 1.
(a). (10%) Decide the Fourier transform of g(7).

b

1

. T
F  2sin—w
- [ 2
70 7 W
2

Hint: 2
(b). (10%) Decide the power spectrum density of s(f).
g(®)

1

OZ T:
L2

Fig. 1

5. (20%) Consider a real signal x(¢) with its Fourier transform X ( jw) as shown in Fig. 2. We want to

reconstruct the signal x() from x,(r) of the sampling system provided in Fig. 3, where
1

2
(a). (5%) Plot the spectrum of x ,(7) .

w, =—(w, +w,), and the cutoff frequency of the low-pass filter H (jw) is %(w2 —-w).

(b). (5%) Decide the maximum sampling period 7" so that x(f) can be perfectly reconstructed from
x,(1).

(¢). (10%) Plot a system that can reconstruct x(¢) from x,(z) .

X(sw)
Fip. 2
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x(f)—ﬁf)—» H(jw) —-@f)—» X, (0)

M p= 3, 8(t-nT)

h=—00

Fig. 3

. (15%) Consider a communication system as follows
Y=4X,+N, ,i=1234,

where {X,}?=1 are iid. N(0,1), and {N}4

i}i=1

are i.id. N (0, 0'2). N (m,0'2) indicates the Gaussian

distribution with mean m and variance o*. {¥;} are the observed output signals. Let U be the input

single binary random variable. If U =0, then 4 =4, =1,and 4,=4,=0; U=1,then 4, =4, =0,
4

and {X,}

i=1"

and 4; = 4, =1. The input random variable U is independent of {N,}'

=l

(a). (5%) Define Y:[K Y, L Y;]T . Determine the joint probability density function
fWU(YIU:O)-

(b). (5%) Decide the log likelihood ratio

o (le=0)}
Jyw (Y|U:1) .

(c). (5%) Define E,=Y’+1} and E, =Y} +Y}. Can the difference of E,—E, be the sufficient

LLR(y)zln[

statistics for LLR(y) ? Provide your justification.
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