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1. Answer the following in the context of the 5G wireless communications system.

(a) Describe the 5G NR synchronization procedure in detail explaining the signifi-
cance of SSS, PSS, PBCH, and PDSCH. (8)

(b) Give the 5G NR frame structure. (4)

2. A binomial random variable X with second moment 5.98 is approximated as a Poisson
random variable Y satisfying 2 Pr [|Y − 1| < 2] = 5 Pr [Y = 2].

(a) Find the c.f.s ΨY (jw) and ΨX(jw). (4+4)

(b) Calculate the c.d.f. value FY (3). (4)

3. A bivariate Gaussian p.d.f. is given by

fX(x) =
1

απ
exp

{
− [4x2

1 + 5x2
2 + 4x1x2 − 80x1 − 40x2 + β]
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}
,−∞ < x1, x2 <∞,

where X = [X1, X2]T , x = [x1, x2]T , and X ∼ N (µX , KX). The vector X is trans-

formed to another vector Y = [Y1, Y2]T having a N (µY , KY ) distribution with c.f.

ΨY1,Y2(jw1, jw2) = exp

(
2[jw1 + 1]2 + 5

[
jw2 −

2

5

]2

− 2w1w2 −
14

5

)
by an affine transformation Y = AX + b, where A is a lower triangular matrix with
positive diagonal elements.

(a) Calculate α, β, E[X3
1 ], and E[X1X

3
2 ]. (12)

(b) Find A and b. (12)

4. A Nakagami distributed random variable Y with parameter m (m > 0) and second
moment Ω has the following properties

ΨY 2(jw) =
1

(1− 4jw)m
, E[Y 4] = 192.

Calculate m and Ω. (12)

Some Formulae

• If X ∼ N (µ,K) and X is L× 1, then

fX(x) =
1

(2π)L/2{det (K)}1/2
exp

{
− 1

2
(x− µ)TK−1(x− µ)

}
, x ∈ RL,

ΨAX+b(jω) = exp
{
jωTAµ+ jωT b− 1

2
ωTAKATω

}



• If X ∼ N (µ, σ2), then

ΨX2(jω) =
exp

{
jωµ2

1−2jωσ2

}
(1− 2jωσ2)1/2

• Gamma distribution with parameter m and mean Ω:

fX(x) =
mmxm−1 exp(−mx

Ω
)

Γ(m) Ωm
, x ≥ 0, ΨX(jω) =

1

(1− jω Ω
m

)m
, E[Xv] =

Γ(v +m)

Γ(m)

(
Ω

m

)v
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