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Homework (deadline 8 June)

In this homework, we will study channel and symbol estimation. Make a short report contain-
ing the required Matlab files, plots, explanations, and answers, and upload it on Brightspace
before the deadline. In case something is unclear, assistance is given by Didem Dogan Baskaya,
email: D.DoganBaskaya-1@tudelft.nl.

You may work in groups of two, unless you prefer to work alone.

As in HW2, consider the function function x = gen_data1(h,s,P,N,SNR) and con-
struct the data matrix

X =


x(0) x(1) · · · x(N − 1)
x( 1

P ) x(1 + 1
P ) · · · x(N − 1 + 1

P )
...

...
...

x(P−1
P ) x(1 + P−1

P )· · · x(N − 1 + P−1
P )

 : P ×N.

Assume that τ = [0.1 0.6]T and β = [1ejφ1 0.7ejφ2 ]T with random φ1 and φ2. Further, take
an oversampling factor of P = 5, a burst length of N = 100, and an SNR of 30 dB.

Pilot-based channel estimation

1. In the previous homework, we assumed that the channel h is known and that we have
to estimate the symbols s. Let us now assume that s is known. How can we estimate
the channel h from X and s? Make a Matlab function to implement this pilot-based
channel estimation

function h = pilot(X,s)

Hint: First derive how X can be decomposed in X = HSL + N. Then construct the
matrix SL from the data sequence s and compute an estimate of H from X and SL

2. Plot the real and imaginary part of the channel estimate and compare it to the real and
imaginary part of the true channel. Do they match?

Blind channel and symbol estimation

1. Compute the SVD of X and determine the null-subspaces of the columns and rows of
X (these null-subspaces are the subspaces orthogonal to the columns and rows of X in
the absence of noise).



2. Can we estimate the channel h from the column null-subspace Un of X? If so, derive
the Matlab function

function h = blind_channel(X)

Plot the real and imaginary part of the channel estimate and compare them to the real
and imaginary part of the true channel. Do they match? Note that there is at least a
(complex) scalar ambiguity between the true and estimated channel.

3. Can we estimate the symbols s from the row null-subspace Vn of X? If so, derive the
Matlab function

function s = blind_symbol(X)

Plot the estimated symbols in the complex plane and compare them to the true symbols.
Do they match? Again, note there is at least a (complex) scalar ambiguity between the
true and estimated symbols.
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