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1) (20 marks, 4 marks each) Answer the following questions:
a) Please spell out the full names of OFDM and OFDMA.
b) Please tell me if the satellite communications will be introduced in 6G.
¢) Please spell out the abbreviation of AWGN.
d) Please explain what are M2M communications and D2D communications.
e) Which one is a major performance impairing factor in mobile communications? a)

noise; b) time-selective fading.

2)' (20 marks, 4 marks each) Anwser the following questions:
a) If m(t) is the message signal and c(f) = A.cos(2wf.t) is the carrier signal, write

down the expression of a DSB-SC signal u(t).

What are the differences between the single-side band (SSB) signal and the vestigial

single-side band (VSB) signal.

c) If m(t) is the message signal and c¢(t) = A.cos(27f.t) is the carrier signal, write
down the expression of the phase modulated signal with its phase deviation constant
of k.

d) If m(t) is the message signal and c(t) = A.cos(2rmf.t) is the carrier signal, write
down the expression of the frequency modulated signal with its frequency deviation

b

—

constant of ky.
e) If m(t) of bandwidth W is the message signal and c(f) = A.cos(2wft) is the
carrier signal, please compare the bandwidths of DSB-SC signal and FM signal (if

the frequency modulation index is 5, where 3y = EJW).

3) (20 marks, 4 marks each) Consider the conventional AM signal of
u(t) = Adl + ky cos(27 fut)] cos(27 ft), (1)

i where m(t) is a sinusoidal modulating signal with frequency f,, k. is the modulation
factor, A, is the amplitude of the carrier signal, and f, is the carrier frequency (f. > fo).
Assume that the modulation index is k, = 2, and the modulated conventional AM signal
u(t) is applied to an ideal envelop detector to produce the output signal v(t).

a) Write down the expression of the output signal v(t).

b) Is v(t) is a periodic signal or a non-periodic signal?

¢) Is v(t) an even or odd function?

d) If needed, determine the Fourier series representation of v(%).

e) What is the ratio of the second-harmonic term amplitude to the fundamental frequency

term amplitude in v(t)?
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4) (20 marks, 5 marks each) Assume that a square-law detector uses a nonlinear device
whose transfer characteristic is defined as vy(t) = a v, (t) + aov¥(t), where a; and a, are
constants, v;(t) is the input signal, and va(t) is the output signal. The input signal is an
AM modulated signal v, (t) = Ac[1+km(t)] cos(27 f.t), where A_ is the amplitude of AM
modulated signal, k, is the modulation factor, m(t) is the message signal of bandwidth of
W, and f, is the carrier frequency (f. > W).

a) What is the output signal vy({).
b) Please identify which terms in w,(t) are interferences and which are useful signals.
. ¢) If the signal vy(t) passes through a low-pass filter of bandwidth W, please write
down the output signal v3(t) from the filter.
d) Find the conditions for which the message signal m(t) can be successfully recovered
from ws(t) (Hint: all baseband signals in v3(t) should be taken into account to recover

the message signal m(t)).
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Fig. 1. The message signal m(t) in an angle modulation system.

5) (20 marks, 4 marks each) Assume that the message signal m(t) fed into an angle modu-
lation system is shown in Fig. 1, which is a sawtooth wave defined in the positive time
axis with its peak amplitude of A and its period of Tg.

a) If the message signal m(t) is fed into a‘phase modulation (PM) device, write down
the expression of the output PM signal upp(t).

b) What is the instantaneous frequency of the PM signal?

¢) Sketch the time-domain PM signal waveform upar(2).

d) If the message signal m(t) is fed into a frequency modulation (FM) device, write
down the expression of the output FM signal upas(t).

e) Sketch the time-domain FM signal waveform upys(t).




