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1) The scattering function for a WSSUS channel is given by

ψS(τ, ν) =

{
Ωp

100
be−bτ , 0 ≤ |ν| ≤ 50 Hz, 0 ≤ τ ≤ ∞

0, elsewhere

a) 2 marks: What is the speed of the mobile station?

b) 2 marks: What is the channel correlation function ψg(Δt; τ)?

c) 2 marks: If the faded envelope is sampled, gk = g(kTs), what sample spacings Ts
will yield uncorrelated samples, gk?

d) 4 marks: What is the envelope level crossing rate, LR? Your result will depend
on τ .



2) Suppose that we construct a discrete-time Rayleigh fading simulator that gener-
ates the complex faded envelope {gk}, where

gk = gI,k + jgQ,k

according to a Markov process with state equation

gI,k+1 = ζgI,k + (1− ζ)w1,k

gQ,k+1 = ζgQ,k + (1− ζ)w2,k

where 0 < ζ < 1, and the wi,k are independent identically distributed zero-mean
Gaussian random variables, i.e., E[wi,jwi,k] = σ2δjk, i = 1, 2, where

δjk =

{
0, j �= k
1, j = k

a) 7 marks: Derive the discrete autocorrelation function

φgIgI (n) = E[gI,kgI,k+n]

b) 3 marks: Derive the discrete cross-correlation function

φgIgQ(n) = E[gI,kgQ,k+n]



3) Suppose that an uncorrelated binary data sequence is transmitted by using binary
PSK (BPSK) with a root-Gaussian amplitude shaping pulse

Ha(f) =
(
τe−π(fτ)2

)1/2

a) 4 marks: What is the transmitted power density spectrum?

b) 2 marks: Find the value of τ so that the power density spectrum is 40 dB below
its peak value at the Nyquist frequency 1/2T , where T is the baud period.

c) 2 marks: What is the corresponding time domain pulse ha(t)?

d) 2 marks: What is the matched filter to ha(t)?



4) Consider a bandpass binary modulated signal having the complex envelope

s̃(t) = A
∑
n

xnha(t− nT ) ,

where xn ∈ {−1, +1} and ha(t) is the amplitude shaping pulse. The data
sequence {xn} is correlated such that

φxx(n) =
1

2
E[x∗kxk+n] = ρ|n| .

a) 10 marks: Derive the power density spectrum of the complex envelope, Ss̃s̃(f).



5) Consider Alamouti’s transmit diversity scheme. The receiver diversity combiner
for 2× 2 transmit diversity is given by

ṽ(1) = g∗1,1r̃(1),1 + g2,1r̃
∗
(2),1 + g∗1,2r̃(1),2 + g2,2r̃

∗
(2),2

ṽ(2) = g∗2,1r̃(1),1 − g1,1r̃
∗
(2),1 + g∗2,2r̃(1),2 − g1,2r̃

∗
(2),2 .

a) 10 marks: Construct the combiner for the case of 2× L diversity.


