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e Review. The received signal contains a noise N (t) often modeled by a
real-valued bandpass wide-sense stationary (WSS) ran-
dom process called an additive white Gaussian noise (AWGN).

— Rx front end and AWGN

— real-valued additive colored Gaussian noise (ACGN)
— real-valued band-limited AWGN

— proper-complex band-limited AWGN

— proper-complex AWGN

e Preview. Exercises

— Independence of in-phase and quadrature noise
— Delay and phase sensitivity

— Complex baseband representation and scaling



e Q1. When X (¢) is a real-valued WSS Gaussian random process with
PSD Sxx(f) given by

and an [-Q) demodulator processes it as

answer the following questions.

(a‘) When fO — fC) ﬁnd SXcXc(f)7 SX,sXs(f)7 a’nd SX,sXc(f)
(b) When fy = f,, are X (t) and X,(¢) independent processes?

(c) When fo = fe+A/2, find Sx,x.(f), Sx.x.(f), and Sx,x,(f).
(d) When fy = f.+ A/2, are X.(t) and X(t) independent processes?



e ()2. Given is a real-valued bandpass WSS Gaussian random process
X (t) such that |
X (t) = Re{X;(t)e?™/"}

with complex envelope X(t) = X.(t)+jXs(t), define Y (t) = Re{ X;(?)
el 2T IH0Y with complex envelope Yj(t) = Yo(t) + jYs(t) and Z(t) =
Re{X;(t — A)e?™/c=2)) with complex envelope Zj(t) = Z.(t) +
jZs(t), and answer the following questions.

(a) Show that the PSDs of X (¢),Y (t), and Z(t) are invariant to the
change of # and A.

(b) Justify that X.(t), Y.(t), and Z.(t) are identically distributed.
(c) Justify that X(t), Ys(t), and Z4(t) are identically distributed.

(d) Justify that X;(t), Y;(t), and Z;(t) are identically distributed.



e ()3. Suppose that the received real-valued bandpass signal is given by
Y(t) = V2PX(t)cos(2m fit +60) + N(t),
where X (¢) is a unit-power real-valued baseband random process with

bandwidth W, f. > W and 6 are known constants, and N(t) is a

real value band-limited AWGN with two-sided PSD Ny/2. Answer
the following questions.

(a) Show that V2P X (t) cos(27 f.t + 0) has unit power.
(b) When the complex envelope of Y (¢) is modeled as

Yi(t) = V2PX(t)e? + Ni(t),
describe Ny(t).
(c) When the complex baseband equivalent to Y (¢) is modeled as
Ya(t) = VPX () + No(t),
describe Ny(t).
(d) When Y'(t) is coherently down-converted to a real baseband signal
Ya(t) = VPX(t) + Na(t),
describe Nj(t).



e (). Suppose that the received signal Y (¢) is modeled by a real-valued
bandpass random process given by

Y (t) = V2Pbs(t) cos(2n fot + 0) + N(t),

where b is an unknown data with Pr(b = 1) = Pr(b = —1) = 1/2,
s(t) is a real-valued baseband signal with energy T" and bandwidth
W, f. > W and 6 are known constants, and N(t) is a real value
band-limited AWGN with two-sided PSD Ny/2. Answer the following

questions.

(a) Find the complex baseband equivalent to the received signal Y'(t).

— ANS. |
Yi(t) = V2Pbs(t)e? + Ni(t),
where Ni(t) is the proper-complex AWGN with PSD 2Nj.



(b) Find the PDF of N & Nj(t) * s(—t)]so .

— ANS. N ~ CN(0,2NyT).
(c) Find {Y;(t) — Ni(t)} * s(—1)|¢=0-
— ANS. V2PbT eV,
(d) Find the probability of event that Re{Y;(t) * s(—t)|;— - e/} <0

conditioned on {b = 1}.

— ANS.




