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Abstract— This contribution aims to improve the data trans-
mission performance of a power line communication (PLC)
scheme with quantized feedback channel. It is considered a
2 × 2 PLC time-varying channel. A quantized channel state
information is fed back to update the transmitter aiming at
maximizing the instantaneous signal-to-noise ratio. In order to
evaluate the system performance under a time-varying channel,
single- and multi-carrier modulation schemes are taken into
account. The results reveals that for single-carrier modulation
the performance can considerably change because the spread of
the coefficients of the channel and, as a consequence, the choice
of center frequency is relevant to motivate the use of feedback
channel to improve the performance (up to 5 dB). On the other
hand, the use of multi-carrier modulation with feedback channel
state information can offer improvements as high as 2.5 dB.

Keywords— Transmit diversity, power line communications,
quantized channel state information, multiple-input multiple-
output systems.

I. INTRODUCTION

Currently, a great deal of attention is toward to power

line communication (PLC) because it is envisioned as one

of the key data communication technology for massive de-

ployment of smart grid concepts into the electric power grids.

Additionally, it can be useful for deploying network access

infrastructure to provide high data-rate internet access.

The ubiquitousness of electric power grids is one of the

greatest motivation for driving effort to design the new gen-

eration of PLC technology. However, the hardness of such

data communication medium (i.e., signal attenuation that con-

siderably increase with distance and frequency, impedance

mismatching, high power impulsive noise) can result in a poor

performance of a PLC system. An interesting manner to handle

or minimize this hardness is to exploit the spatial diversity

offered by multiple-input multiple-output (MIMO) [1] low-

and medium-voltages distribution grids. MIMO communica-

tion was initially considered in wireless communications with

the transmit diversity technique proposed by Alamouti [2]

and afterwards extended to a more general class of codes,

namely orthogonal space-time block codes (OSTBCs) [3]. The

main advantage provided by the OSTBCs is the diversity gain,

which is proportional to the number of transmit and receive

antennas of the system.
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Recently, the use of MIMO techniques in PLC systems has

been proposed in several works, e.g. [4]–[6]. In these papers,

the authors show that channel performance improvement can

be obtained when the PLC spatial diversity is well exploited.

In [7], the feedback channel is used to explore in a more

effective way the spatial diversity in a conventional MIMO

wireless communication system. By using the feedback chan-

nel, the transmitter can access the channel state information

(CSI) and, if this information is used properly, the maximum

diversity gain can be achieved even when an orthogonal code

design is not considered.

In this paper, , aiming to explore the benefits of MIMO PLC

channels, we analyze a transmission technique for MIMO PLC

applications considering the use of a quantized feedback chan-

nel (sometimes named by limited feedback channel), which is

a more realistic assumption. Based on the scheme presented

in [8], we come up with a pre-processing design that uses

the quantized feedback information to update the transmitter

(Tx modem) at each new frame, aiming to maximize the

instantaneous signal-to-noise ratio (SNR) at the receiver (Rx

modem). To evaluate the proposed technique we consider a

single-carrier and multi-carrier modulation schemes. Through

the simulation results we verify that for a single-carrier

modulation, the spread of the channel coefficients and, as

a consequence, the choice of center frequency is relevant

to motivate the use of feedback channel to improve the

performance. Considering a center frequency equal to 244.14
kHz, we obtained an improvement of 5 dB. However, using a

multi-carrier modulation scheme the improvements were not

higher than 2.5 dB.

The rest of this paper is organized as follows. In Section II

the system model and the proposed technique are presented.

Section III shows the simulation results. Finally, Section IV

addresses the conclusions and some final remarks.

II. THE SYSTEM MODEL

Let a 2×2 single-carrier scheme that uses two PLC channels

to transmit data from the Tx modem to the Rx modem

and one additional error-free and zero-delay channel to feed

back quantized channel state information (CSI) from the Rx

modem to the Tx modem as shown in Fig. 1. In this plot,

we disregard the use of index n to denote the discrete time

domain representation, because we are interested in to pay

attention to only one symbol period. Additionally, for sake of

simplicity, we assume that PLC channels are flat and linear
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Fig. 1. Block diagram for the system model.

time invariant during each symbol period; perfect symbol

synchronization at the Rx modem; the transmitted symbol,

s, is a random variable obtained from unitary average-energy

and coherent constellation set, S, such as M-ary phase-shift

keying (M-PSK), in which E{s} = 0, E{ss∗} = σ2

s = 1 and

E{·} denotes the expectation operator. Also, we consider that

additive-based combination of the received signals is adopted,

then the resulting signal is given by

y = y1 + y2

= h1G1s+ h21G2s+ v1 + h2G2s+ h12G1s+ v2

= (h1G1 + h21G2 + h2G2 + h12G1)s+ v1 + v2, (1)

where y1 and y2 are outputs of PLC channels #1 and #2,

which are corrupted by additive noise; the terms h12 and

h21 denote coupling between both PLC channels due to the

fact that the data is transmitted in the same frequency band;

G1 and G2 are pre-processing weights, which are obtained

from the feed back CSI; the additive noises are stationary

random process modeled as additive white Gaussian (AWGN)

such that E{vi} = 0, E{viv
∗

i } = σ2

vi
, in which i ∈ {1, 2},

E{v1v
∗

2
} = E{v1}E{v

∗

2
} = 0 and E{sv∗i } = E{s}E{v∗i }.

A. The Transmission Technique

The proposed transmission technique is based on [8], in

which the information symbol is pre-processed at the transmit-

ter based on the quantized feedback CSI. We mean quantized

feedback CSI the phase information that is fed back from the

Rx modem to the Tx modem with b bits by using b bits. The

pre-processing is performed by

x =

[

G1

G2

]

s, (2)

where G1 = sin(θ) and G2 = cos(θ) and θ ∈ [0, 2π). Before

each symbol transmission takes place, the Rx modem analyzes

the 2b possible instantaneous SNR values obtained by using

the 2b pairs of values associated with θ. After identified the

pair of phases that maximizes the instantaneous SNR, the Rx

modem sends b bits to the Tx modem informing the phases

of G1 and G2.

We can rewrite (1) as

y = ỹ + vy (3)

where

ỹ = hGs

= (G1h1 +G2h2 +G1h12 +G2h21)s

= (sin(θ)h1 + cos(θ)h2 + sin(θ)h12 + cos(θ)h21)s. (4)

and

vy = v1 + v2. (5)

Considering the received signal in (3), the input of the receive

detector is given by

s̃ = yh∗

G

= (|h1|
2 + |h12|

2 + βs) sin
2(θ)

+ (|h2|
2 + |h21|

2 + βc) cos
2(θ)

+ βsc sin(θ) cos(θ) + υyh
∗

G (6)

in which {·}∗ is the the complex conjugate operator, βs =
2ℜ{h1h

∗

12
}, βc = 2ℜ{h2h

∗

21
} and βsc = 2ℜ{h1h

∗

2
} +

2ℜ{h1h
∗

21
}+2ℜ{h2h

∗

12
}+2ℜ{h12h

∗

21
}. The symbol detection

can be performed as

ŝ = argmin
s′∈S

{|s′ − s̃|2}, (7)

where | · |2 and ℜ{·} denote the square modulus of a complex

number and the real part of a complex number, respectively.

As we can note, the detection can be performed with low

computational burden. Additional, we can easily determine

the power contribution associated with signal s, which is

expressed by

Pỹ(θ) = αs sin
2(θ) + αc cos

2(θ) + βsc sin(θ) cos(θ) (8)

where αs = |h1|
2 + |h12|

2 + βs and αc = |h2|
2 + |h21|

2 + βc,

is the power of the received symbol.

In order to obtain the optimum θ phase which maximizes the

instantaneous SNR, (8) needs to be differentiated with respect
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to θ. Hence, the first and second derivative of Pỹ(θ) are given

by

P ′

ỹ(θ) = 2αsc sin
2(θ) cos2(θ) + βsc[sin

2(θ) − cos2(θ)], (9)

and

P ′′

ỹ (θ) = 2αsc[cos
2(θ)− sin2(θ)]− 8βsc[sin(θ) cos(θ)], (10)

respectively, where αsc = αs − αc.

Solving (9) and (10) with the following conditions

P ′

ỹ(θ) = 0 and P ′′

ỹ (θ) < 0 ,

we find

θ∗ = arctan

(

αsc +
√

α2
sc + 4βsc

βsc

)

(11)

which is the θ optimum that maximizes the instantaneous

SNR.

Since we are interested in working with a quantized feed-

back channel, we need to find good sets of phases to be

considered for θ for different number of b. The sets used in

this paper are {π/4,−pi/4} and {3π/8, π/8,−pi/8,−3π/8}
for b = 1 and b = 2 bits, respectively, and it is based on [8].

Table I presents the selection criteria adopted to choose the

appropriated phases accordingly to the quantization level.

TABELA I

SELECTION RULE FOR THE QUANTIZED FEEDBACK CHANNEL.

Number of feedback bits βsc > 0 βsc < 0

(b) αsc > 0 αsc < 0 αsc > 0 αsc < 0

1 bit π/4 −π/4
2 bits 3π/8 π/8 −π/8 −3π/8

Finally, it is important to highlight that the idea behind

this technique is to distribute the transmission power to both

channels in a more efficient way, instead of dealing with the

delay between the signals at the channel outputs.

III. SIMULATION RESULTS

In this section, we present the simulation results to assess

the performance gain obtained by using the proposed tech-

nique.

The performance is analyzed through Monte Carlo simula-

tions in terms of bit error rate (BER) versus SNR. We assumed

that the symbols are mapped into a binary PSK (BPSK)

constellation, the additive noises are white Gaussian and

perfect CSI is available at the Rx modem. Also, the Rx modem

sends b bits through an error-free and zero-delay feedback

channel. Considering the single-carrier modulation, we used

67160 samples of h1 and h2 channels in the simulations.

These samples were obtained from data set yielded by a

measurement campaign to characterize Brazilian low-voltage

and indoor PLC channels by deploying the measurement

methodology discussed in [9]. Figs. 2 and 3 show real and

imaginary amplitudes of these channels whose the chosen

center frequencies are 244.14 kHz and 1.81 MHz, respectively.

For this channels, we assume that the frequency bandwidth

is equal to 48.8 kHz. We can see that the channels present

distinctive characteristics (i.e., mean and variance are quite

different). Additionally, for channels h12 and h21, we assume

an attenuation of 20 dB of power with respect to the gains of

channels h1 and h2 and their phases are modeled as uniform

random variables.

Fig. 4 shows the BER performance of single-carrier scheme

transmitting BPSK symbols through the aforementioned chan-

nels, where we can note that the performance difference

between the data communication system without feedback (no

feedback) and with ideal feedback (Rx modem sends to the

Tx modem the phase, θ∗, obtained in (11)) grows up to about

7 dB, after that the performance related to system with ideal

feedback begins to approximate to that one without feedback.

On the other hand, Fig. 5 reveals that the performances of both

systems present irrelevant difference. Based on the plots in Fig.

2 and 3, we note that feedback can offer improvement, in term

of BER, if the spreads of real and imaginary components of

channels is low. By evaluation the diversity associated with

both channels for both center frequencies, we have noted that

only the channels with low spread (center frequency equal

to 244.14 kHz) show low diversity and, as a consequence,

feedback is useful to improve the performance. Regarding the

use of the proposed technique, we noted in Fig. 4 and 5 that

the performance, when the number of feedback bits are b = 1
bit and b = 2 bits, is almost the same for the ideal feedback

case. Again, due to the diversity reason, the performance gains

can only be achieved when the data communication system

operates in the center frequency equal to 244.14 kHz.

In section III-A we extend the analysis of proposed scheme

to a PLC system based on a multi-carrier, which makes

use of the hermitian-symmetric orthogonal frequency-division

multiplexing (HS-OFDM) modulation [10].
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Fig. 2. Amplitudes of real and imaginary components of channels h1 and
h2 for center frequency equal to 244.14 kHz.

A. Performance Analysis for HS-OFDM Scheme

In order to analyze the improvements that the proposed

technique can offer for HS-OFDM scheme [10], we carried out

some simulations in which we had assumed that the number
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Fig. 3. Amplitudes of real and imaginary components of channels h1 and
h2 for center frequency equal to 1.81 MHz.
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Fig. 4. BER performance results when center frequency is equal to 244.14
kHz.

of sub-carriers is N = 2048, the length of cyclic prefix

is Lcp = 512, the frequency band is between 1.7 and 100
MHz; BPSK modulation is adopted; 6716 channels frequency

responses obtained in the measurement campaign previously

discussed are used.

Fig. 6 shows BER performance results for the HS-OFDM

scheme without feedback, with ideal feedback, and with

quantized feedback (b = 1 bit and b = 2 bits). We can see

that performance losses introduced by the quantized feedback

is small. For instance, if b = 1 bit, the HS-OFDM scheme

performs within 0.5 dB of the ideal feedback, while b = 2
bits yields results very similar to ideal feedback.

IV. CONCLUSIONS AND FINAL REMARKS

In this paper, we analyzed the performance of the proposed

technique that makes use of quantized CSI feedback infor-

mation to improve the performance of a MIMO PLC system,
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Fig. 5. BER performance results when center frequency is equal to 1.81
MHz.
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Fig. 6. BER performance results for HS-OFDM scheme.

which deploys two power cables to transmit data from the

Tx modem to the Rx modem and one error-free and zero-

delay feedback channel to send b bits to the Tx modem. Ad-

ditionally, we presented samples of time-varying in-home PLC

channels, which were obtained from a measurement campaign

to analyze the performance of the proposed technique. Based

on simulations results, we noted that the proposed technique

shows, when single-carrier modulation scheme is adopted,

disparate performances because there is a dependence between

the performance and the spread of the channel coefficient

associated with a given center frequency. On the other hand,

when we consider a HS-OFDM scheme, the use of feedback

channel shows a gain of BER in relation to without feedback

channel. Finally, based on simulation results, we stated that

a BER lower bound performance is practically achieved by

using only two bits of feedback.
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