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Abstract—During the last decades, power line communi-
cations (PLC) has emerged as an alternative to other wired
line and wireless technologies. In particular, PLC has gained
large acceptance for in-home scenarios, where it has become
a competitive alternative to WiFi. Most PLC approaches
are based on Multicarrier Modulation (MCM) using the
Discrete Fourier Transform (DFT) as the basis to construct
the multiple orthogonal channels. In this work, we explore
the construction of MCM-PLC schemes based on the Discrete
Cosine Transform Type-III even (DCT3e). We consider both
SISO (single input single output) and MIMO (Multiple Input
Multiple Output) PLC schemes, showing that they are a
feasible alternative for in-home PLC applications.

Index Terms—Power Line Communications (PLC), Mul-
ticarrier Modulation (MCM), Discrete Cosine Transform
(DCT), channel estimation.

I. INTRODUCTION

During the last decades, power line communications
(PLC) has emerged as an alternative to other wired line and
wireless technologies. In particular, PLC has gained large
acceptance for in-home scenarios, where it has become
a competitive alternative to WiFi. Most PLC approaches
are based on Multicarrier Modulation (MCM) using the
Discrete Fourier Transform (DFT) as the basis to construct
the multiple orthogonal channels [1].

In this work, we explore the construction of MCM-PLC
schemes based on the Discrete Cosine Transform Type-
III even (DCT3e). This interest is due to the fact that
several works have shown that discrete cosine transforms
(DCTs) can outperform the DFT in certain situations, e.g.,
in the presence of carrier frequency offset (CFO) or in
cases where high-density primary modulations are used
[2], [3], [4]. We consider both SISO (single input single
output) and MIMO (Multiple Input Multiple Output) PLC
schemes, showing that they are a feasible alternative for in-
home PLC applications. MCM systems require a channel
estimation stage, and afterwards, for any transmitted signal
we need a reconstruction stage. For the channel estimation
stage, several procedures have been proposed by using the
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different DCTs [5]. In particular, some works have studied
channel estimation via DCT3e [6], [7].

Regarding the reconstruction stage, in general, all MCM
systems require inserting some kind of redundancy in the
transmitted signal in order to avoid inter-symbol inter-
ference (ISI) and allow a perfect reconstruction (in the
absence of noise in the receiver). In OFDM systems, which
are based on the DFT, this redundancy typically consists
in appending a cyclic prefix (CP) to the transmitted data,
although some authors have proposed the use of zero
padding (ZP) for DFT instead of the CP [8]. In DCT-
based MCM schemes, [9] studied the kind of redundancy
that had to be appended to the transmitted symbol in order
to allow for perfect reconstruction at the receiver for the
different types of DCTs. In [10], order to overcome this
drawback, we proposed a new reconstruction scheme by
using the DCT3e, showing that the whole reconstruction
process can be performed exclusively by using the DCT3e.

The aim of this work is to apply the most efficient
DCT3e techniques for both channel estimation and re-
construction, previously developed by the authors for
SISO wireless communication systems, in the context of
SISO/MIMO-PLC. As far as we know, this is the first time
that a DCT-based MIMO-PLC scheme is proposed in the
literature. The rest of the paper is organized as follows.
Section II describes the channel estimation procedure
by means of the DCT3e. Once the channel has been
estimated, then Section III explains how to recover any
transmitted signal using the DCT3e. Section IV applies the
estimation and reconstruction procedures of the previous
sections to the PLC problem. Finally, the conclusions are
provided in Section V.

II. CHANNEL ESTIMATION VIA DCT3E-MIRAS

We consider the general channel estimation problem of
Fig. 1: our aim is to estimate the unknown L−length chan-
nel impulse response, h = [h0, · · · , hL−1]

T , by means of
an N−length training symbol x, which is known, and a
discrete transform T. The received signal is y = x∗h+z,
of length L + N − 1, where z is a term related to the
additive noise and ∗ denotes linear convolution. In the
receiver, the aim is to estimate h, by means of the 1-tap





Fig. 2. MIRAS procedure at the receiver to compute ỹ, followed by a DCT3e to obtain Y, and division by dk to estimate the channel.

is a symmetric filter of length 2ν + 1. Its right-half part
padded with zeros is

hr,zp = [h0, h1, . . . , hν , 0, . . . ].

With these settings, we explain here how to reconstruct
any transmitted signal by means of the DCT3e, being h
the channel filter. This procedure also makes use of the
MIRAS transformation (1).

SUMMARY OF THE SIGNAL RECONSTRUC-
TION PROCEDURE:

1) For the symmetric filter h we store the coefficients
d = C3e · hr,zp at the receiver.

2) Any original N -length vector [X0, ..., XN−1], is
extended to a (N + 1)− length vector X as

X =

X0, . . . , XN−1,−
N−1∑
j=0

Xj

T .
3) Compute the (N + 1) point IDCT3e of the vector

X, so that C−1
3e ·X = xzp, where xTzp = [0, xT ] has

length N + 1.
4) Transmit xzp through the channel and receive the

vector y, which has N + 2ν + 1 components.
5) Apply the MIRAS procedure to the first ν and last

ν − 1 components of y in order to get ỹ of length
N + 1.

6) Compute Y= C3e · ỹ and obtain the reconstructed
signal X̂k = Yk/dk for k = 0, . . . , N − 1.

IV. NUMERICAL RESULTS

In order to evaluate the performance of the proposed
SISO and MIMO systems, we test them using the model
developed by researchers from Universidad de Málaga for
in-home PLC communications [12]. This model is based
on the theory of multiple transmission lines, and provides
the impulse response (and the associated frequency re-
sponse) for a given network topology. Figure 3 shows the
channel’s topology considered: several sections of cable
with stubs loaded with different impedances between the
generator (i.e., the transmitter) and the load ZL (i.e., the
receiver). For the simulations, we have considered three
cases with an increasing number of sections (5, 7 and 9).
Their energy-normalized impulse and frequency responses
are displayed in Figure 4. Notice the increasing length of
the impulse response and the deeper spectral nulls as the
number of sections increases, especially when we move
from 5 to 7 sections.

For the simulations, we fix the number of subcarriers,
N = 1023, and perform Ns = 105 experiments for each
channel and SNRs ranging from -10 dB to 50 dB. We use
the channel estimation approach described in Section II to
estimate the channel, constructing a pre-filter ŵ from the
estimated channel’s impulse response, ĥch. Note that this
will result in a total impulse response which will not be
perfectly symmetric, with larger asymmetries for smaller
SNR values, as the estimated impulse response will be
worse in this case. Since the model used corresponds to a
SISO channel, we extend it to the MIMO case following
the simple approach suggested in [13]: the two direct
channels are set using the same SISO model and the two






