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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 2Pr[|Y — 1| < 2] =5Pr[Y = 2].

(a) Find the c.f.s ¥y (jw) and ¥ x(jw). (444)

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

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

fx(z) = EGXP 160 } , —00 < T1, Ty < 00,

where X = (X1, X,]", z = [21,2,]", and X ~ N(ux,Kx). The vector X is trans-
formed to another vector ¥ = [Y1,Y5]" having a N (uy, Ky) distribution with c.f.

o . _ 21? 14
Uy, y, (Jws, jws) = exp <2bw1 +1°+5 {sz - 3} — 2wwy = ?)

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

(a) Calculate o, 38, E[X?}], and E[X; X3]. (12)
(b) Find A and b. (12)

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

1

L Ey-ae
A= gy BV 1=19

Uy (jw) =

Calculate m and €. (12)

Some Formulae
o If X ~ N(p,K) and X is L x 1, then

1

1 T r-—1 L
fx(z) = o) det (K) 172 exp{ —Se—p) K (&—g)}, r € R”,

1
U axp(jw) = exp {MTA& + jw'b — §QTAK ATw }




o If X ~ N(u,0?), then

.w 2
€xp { 1;72;2102 }
(1 —2jwo?)1/2

Uy (jw) =

e Gamma distribution with parameter m and mean €:

Myl exp(—2L) 1

Q2 >0, Uy(jw)=
Toman 020 Uxlw)

m

fx(z) =

End of Paper

Page 2

(1= jwm)™

E[X"] =



