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Fair Resource Allocation With Improved Diversity Performance for Indoor
Power-Line Networks
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Abstract—The problem of fair resource allocation in power-line
networks with multiple links is considered. A new bandwidth al-
location criterion with improved multiuser diversity characteris-
tics is presented, which provides an increased total data rate com-
pared with other existing solutions. Simulation results demonstrate
the effectiveness of the proposed method under different network
loading conditions.

Index Terms—Bit loading, diversity, fairness, orthogonal
frequency-division multiplexing (OFDM), power-line communi-
cations (PLC).

1. INTRODUCTION

OWER-LINE COMMUNICATIONS (PLC) have gained
Pincreasing interest as a potential technology for inhome
networking as well as for the last mile access [1]. Recently, in-
dustry specifications for data rates up to 200 Mb/s have been rat-
ified and a lot of effort has been devoted toward the standardiza-
tion of PLC technology [2]. In order to confront the power-line
channel limitations, such as multipath fading, intersymbol inter-
ference, and impulse noise [3], orthogonal frequency-division
multiplexing (OFDM) is used since it provides high capacity, ef-
ficient spectrum utilization and multiple access capabilities [4].

The inhome PLC network consists of data-communicating
devices connected at various sockets and a central device that
provides Internet access and routes the internal data traffic [1].
Communication is realized via multiple point-to-point links be-
tween the central device and the data terminals. A fundamental
issue in OFDM transmission is the allocation of the available
bandwidth and power resources to the network links, so that
the overall data rate is maximized, while a target quality of ser-
vice (QoS) per link is guaranteed. This task is accomplished via
a multiuser resource allocation algorithm [5], [6]. Due to the
time-varying behavior of the indoor PLC network [7], a compu-
tationally efficient algorithm is needed.

In this letter, we examine the problem of fair resource alloca-
tion in PLC networks with power spectral density (PSD) limi-
tations and we present a low-complexity algorithm based on a
new subcarrier allocation criterion that results in total data-rate
improvement compared with existing solutions.

II. PROBLEM FORMULATION

Consider an OFDM system with [V subcarriers and K users.
For user k, the channel gain-to-noise ratio (CNR) of subcarrier
nis gk.n = |Hgn|>/(Ni,n -T), where Hy, , is the channel gain,
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N, %,n 18 the noise power, and I" is the signal-to-noise ratio (SNR)
gap [8]. The resource allocation problem in the downlink (i.e.,
from the central device to the user terminals) is formulated as

K
Z Z logy (1 + Pkn - Gk,n)

k=1ne€A,
K
subject to(Cl)Z Z Pr,n < Protal

k=1ne€Ay

max
Pr,n Ak

where P, is the power budget, p is the PSD constraint, py, ,, is
the power allocated to subcarrier n of user k, Ay, is the set of sub-
carriers assigned to user k, Ry, = ZnGAk logy (1 4 pr,n - Gkeyn)
is the rate of user k, and -y, are predefined constants imposing
proportional rate fairness.

In general, the values of -, represent higher-level priorities
based on the type of service supported by each link. Constraints
(C3), (C4) impose that each subcarrier be assigned, at most, to
one user. The PSD constraint (C2) is a linear function of py, ,,;
thus, (1) can be transformed into a minimization problem, where
the objective function is convex [9]. Calculating the optimal so-
lutions in time-varying channels is computationally prohibitive,
while the suboptimal algorithms in [9] and [10] do not encounter
the PSD constraint.

III. PROPOSED SOLUTION

The proposed algorithm is a modified version of the joint sub-
carrier and power allocation method in [10], where the water-
filling power allocation is replaced by cap-limited water-filling
[8] in order to account for the PSD constraint, and a new sub-
carrier allocation rule with improved multiuser diversity perfor-
mance is introduced.

In [10], the user with the less proportional rate ¢ =
arg min(Ry /i) selects from the available subcarriers the
one with the maximum CNR m = argmax(g; ). Although
the above “max-CNR” criterion implies that m is the subcarrier
with the maximum contribution to the rate of user 7, it does not
take into account the potential rate that the other users lose due
to this allocation. The latter is related to the multiuser diversity
characteristics of the selected subcarrier (i.e., the CNR of the
other users with respect to user 7).

For each user k, 71 ,, = logy(1 + P - gk,») is the rate of sub-
carrier n under maximum power allocation. We denote wy, ,, =

0885-8977/$25.00 © 2007 IEEE



2576

v
Q={L...N}and B, =0.R, =0, 4, =3 Vk |
!

I Calculate subcarrier metricsw, , Vk,n |

Initialization

Resource Allocation

<

‘ Find user i=argmin(R, /v, ) fork=1,...K |

v

‘ Find subcarrier m=arg max(w, , ) forne Q |
v

‘ A=AU{m}, P=P+"2 0—Q—{m} |
¥

Calculate R using cap-limited water-filling
over 4, subject to £, and p

Fig. 1. Multiuser resource allocation algorithm.

Tron/ Zfil 71, as the relative quality factor of user k in subcar-
rier n with respect to the other users: a small value of wy, ,, indi-
cates that the respective subcarrier is not the best choice in terms
of global benefit; the subcarrier’s rate contribution is lower for
user k than for other users. The proposed subcarrier selection
criterion is m = arg max(w; ,,) (i.e., the new criterion selects
the subcarrier with the maximum gain for the rate of user ¢ and
with the minimum waste of potential rate for the other users).
Fig. 1 shows a flowchart of the new algorithm, where €2 is the
set of available subcarriers and P, = > Dk.,n 1s the total
power allocated to user k.

neAy

IV. SIMULATION RESULTS

In order to evaluate the new algorithm, we provide simulation
results using the indoor PLC network topology and loading sce-
narios described in [6]. In this study, we use: fast Fourier trans-
form (FFT) size 1024, subcarrier spacing 20 kHz, sampling fre-
quency 20.48 MHz, frequency band of interest 1-10 MHz with
N = 450 available subcarriers, PSD mask —50 dBm/Hz, and
I" = 15.8 dB for all users.

Fig. 2 shows the average total data-rate improvement achieved
with the proposed subcarrier allocation compared to the
“max-CNR” method as a function of the normalized power
budget Piotar/ ij:l P. Results are given for different numbers
of users and noise levels. The new method presents an average
gain of 5%—15%. The gain increases as more power budget is
available with respect to the total power of the PSD limit and,
in general, the improvement achieved with the new method is
higher for low CNR conditions. In Fig. 2, ;. is equal to the rate
achieved when user £ utilizes all of the available power and
bandwidth resources (i.e., fairness is related to the quality of
each link [6]). Similar results are obtained with ;. thatis equal to
all users (i.e., (1) corresponds to the “max-min” problem [11]).

The “max-CNR” criterion first utilizes the high-quality sub-
carriers of each user. When the remaining subcarriers are of low
CNR, it is the successive increase of power Py that improves
the user rate and not the subcarrier selection. However, due to
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Fig. 2. Total rate improvement with respect to the normalized power budget.

the PSD constraint, this improvement may be low. On the other
hand, the new criterion provides a better balance between the
rate increase for the user of interest and the rate loss of the other
users, who also compete for resources, and the rate improve-
ment is higher.

V. CONCLUSION

In this letter, we presented a multiuser resource allocation al-
gorithm for OFDM PLC networks based on a new subcarrier
allocation criterion, which exploits the multiuser diversity of
each subcarrier for the best tradeoff between the local (user)
and global (network) benefit. In wideband channels with a large
number of subcarriers and strong multiuser diversity charac-
teristics, the proposed method shows improved performance in
terms of the total data rate.
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