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School of Computer and Communication Sciences

Handout 20 Modern Digital Communications
Solutions to Assignment 12 December 17, 2025

Solution 1.

1. See the provided MATLAB/Python routines.

2. We have

H−1 ≈
[
500ej0.49968π 500e−j0.5π

500e−j0.5π 500ej0.49968π

]
Hence,

Σv = H−1Σz(H
−1)† ≈ σ2

[
5× 105 −5× 105

5× 105 5× 105

]
.

This means, the variance of v1 (or v2) is 500 000 times larger than σ2!

Solution 2.

1. We have shown in class that the LMMSE estimate of x is x̂ = By, where

B = KxyK
−1
y .

We can easily compute the above covariance matrices:

Kxy = E
[
xy†] = E

[
x(Hx+ z)†

]
= E

[
xx†]H† = H† ,

and

Ky = E
[
yy†] = E

[
(Hx+ z)(Hx+ z)†

]
= HE

[
xx†]H† + E

[
zz†] = HH† + σ2Ir .

Hence,
B = H†(HH† + σ2Ir)

−1.

Note that, in particular if σ2 = 0, the LMMSE equalizer reduces to the zero-forcing
equalizer of Exercise 1.

2. See the provided MATLAB/Python routines.


