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Problem 3. 14 points (Paper and Pencil)

1. The signal at the output of the matched filter is

Y (t) = R(t) ⋆ hMF(t)

= R(t) ⋆ ψ∗(−t)

=

∫
R(α)ψ∗(α− t)dα

= ⟨R(α), ψ(α− t)⟩.

2.

ρ(υ) = ⟨R(t), p(t− υ)⟩

=

〈
R(t),

∑
k

bkψ(t− υ − kT )

〉
=

∑
k

b∗k ⟨R(t), ψ(t− υ − kT )⟩

=
∑
k

b∗kY (υ + kT ).

Hence, ρ(mTs) =
∑

k b
∗
kY (mTs + kT ).

3.

ρ[m] :=
√
Tsρ(mTs) =

∑
k

b∗k
√
TsY (mTs + kT )

=
∑
k

b∗kY [m+ kN ]

=
∑
k

b̂∗kY [m+ k], (1)

where b̂k is the upsampled preamble sequence with upsampling factor N , i.e.,

b̂k :=

{
bk/N if k/N is an integer,

0 otherwise.


