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Abstract—This paper deals with the problem of resources allocation in the downlink of the radio mobile systems. The allocation
of resources is established in the context of multi-path effect and
Doppler effect. These phenomena cause randomly variations of
the channel and make difficult the allocation of the resources.
Therefore, the problem of resources allocation is a high non linear
optimization problem. Thus, we propose an implementation of
genetic algorithms approach to increase the total throughput of
users while minimizing the consumption of the total power of
the base station. Like the evolutionary algorithms approach, this
method is characterized by its robustness, permitting to efficiently
solve a non linear optimization problem.
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I.

I NTRODUCTION

Today, the requirements of the users’s data rate are becoming more and more increasing; which led to the adoption
of efficient resources allocation methods in order to improve
the QoS in mobile radio communications. These resources
management methods form the basis of the fourth generation
of mobile networks systems.
The 4th generation of mobile systems such as LTEAdvanced, will offer high data rate services and large capacity
of users. The major change of these systems is the access
method OFDMA (Orthogonal Frequency Division Multiplexing Access) which significantly increases the capacity by the
improvement of the signal-to-noise ratio obtained with an
adaptive resources allocation [13].
The access method OFDMA is base on the transmission
technique OFDM(Orthogonal Frequency Division Multiplexing) which consist of the frequency multiplexing of modulated
orthogonal sub-carriers. The method OFDM is very suitable
for the variations of the channel caused in particular by the
multi-path phenomenon and the Doppler effect.
The principle of the modulation OFDM is to split the
available bandwidth into many flat sub-channels which can
be attributed independently to users [13]. In addition, the
quantity of bits transmitted on each sub-channel can be adapted
according to the channel gain level in order to obtain a
considerable power gain with the required bit error rate [2].

The independence of the OFDM sub-carriers permits an
efficient resources allocation. In the context of channel characterized frequency selectivity and time variation, the efficient
allocation of resources consists in affecting the sub-carriers
to users taking into account the specific channel gain for each
users. In preference, the sub-carriers are allocated to users with
highest channel gain while satisfying the required data rate for
each user.
In this paper, we propose an implementation of genetic algorithms for solving the rate-adaptive and the margin-adaptive
problems, subject to the available total power in the base
station and the minimal required users’s data rate. We consider
the downlink of the OFDMA based-systems and we take into
account the propagation path-loss so as to guarantee effective
throughput to users in reception.
In Section 2, the related work about resources allocation
is described. In Section 3, the modeling system and the
formulation of the optimization problem are presented. In
Section 4, the principle of genetic algorithms is given and
in Section 5, the proposed algorithm is described. Finally, in
Section 6, we compare the results of the proposed algorithm
to others algorithms.
II.

R ELATED WORK

The algorithmic approach for the resources allocation problem is introduced by Ibaraki et al. [7]. Many algorithms are
proposed to solve the problem of resources allocation. There
are the iterative methods and the heuristic methods. Among the
iterative approaches, there are the water-filling algorithm which
solves the problem of power allocation in single user case.
The work proposed by Tu et al. [16] is based on the waterfilling approach. The resolution of the resources allocation
problem in multi-users case is proposed in [3][5]. About the
heuristic methods, Zhou et al. [17], Ahmadi et al. [1] and
Reddy et al. [12] proposed the genetic algorithms approach
for the resources allocation problem.
In several works cited above, some aspects are not taken
into account for instance the path-loss which is a very determinant parameter in order to have the realist data rate for
users at the reception. In addition, the model of channel gain
chosen in this work, takes simultaneously into account the
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multi-path and the Doppler effects. Thus, in this paper we
propose an implementation of genetic algorithms for solving
the rate-adaptive problem, subject to the available total power
in the base station. In this work, we consider the downlink
of the OFDMA based-systems and we take into account the
propagation path-loss so as to guarantee effective throughput
to users in reception.
III.

S YSTEM

MODELING AND F ORMULATION OF THE
PROBLEM

A. System modeling

Fig. 1.

In this work, we study the allocation of resources in the
downlink of mobile network based on the OFDMA access
method (Orthogonal Frequency Division Multiplexing Access).
We consider a mono-cellular system with multiple access and
we suppose that the users are uniformly distributed in the cell.
The channel of transmission is assumed to be characterized
by the multi-path and the Doppler effects (see figure 1).
These phenomena lead respectively to the frequency selectivity
and the time-variant of the channel [14]. The time-variant of
the radio channel propagation is caused by the movement of
the transmitter and/or the receiver. Thus, the channel is nonstationary, and this gain varies in the frequency and in the time
domain according to each user.
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B. Formulation of the margin adaptive’s problem
The problem of margin adaptive deals with the minimization of the total power consumption in the downlink
of the cellular system while the request of data rate for
users is achieved. The channel transmission is assumed to
be characterized by time variation and frequency selectivity.
Therefore, the channel presents for users, an specified channel
gain which depends on the position et the velocity of the users.
Let’s consider Hk,n the channel gain of kth user for nth
sub-carrier. The required power is given by[11]:
pk,n =

f (ck,n )
2
Hk,n

(3)

where

n1 [k]

h1,N

For an angle α between the direction of transmission and
the movement of user, the Doppler frequency shift is defined
by:
f d = f dmax cos(α)
(2)
In the case of Doppler effect, the received signal is characterized by spatial interference pattern which causes, when
the user is moving in this pattern, many fluctuations of the
amplitude of the signal [14]. The time-variant of the channel
is characterized by the time of correlation τcor = 1/f dmax.
The frequency selectivity corresponds to a variation of channel
gain depending on the transmission frequency; therefore for
a certain frequency, the attenuation can be very important
and entail the loss of the transmitted signal. The coherence
bandwidth Bcoh = 1/rms is the characteristic parameter of
the frequency selectivity of the channel, where rms is the
maximum root mean square of the path delay.

Multi-path channel with Doppler effect

h1,2

speed of the users and the frequency of the transmitted signal.
The maximum Doppler shift is given by:
v
(1)
f dmax = f0
c
where c is the celerity of the light.

yN [k]

hK,2

N0 ck,n
BERk 2
(2
− 1)[Q−1 (
)]
(4)
3
4
ck,n is the number of bits for kth user on the nth sub-carrier.
N0 is the power spectral density of noise.
BERk is the bits error rate of kth user.
Q(x) = erf c(x) is the complementary error function.
f (ck,n ) =

We note that when the channel gain Hk,n increases the
power required decreases. Thus the nth sub-carrier will be
allocated in preference to the kth user with least power until
the required throughput is reached.
The total power allocated to users is given by:

hK,N

PT =

Figure 2: Multi-user OFDM systems
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pk,n .ρk,n

(5)

k=1 n=1

The base station (transmitter) is considered to be fixed and
the users are assumed to be in mobility. Therefore, the Doppler
effect depends on the speed of users and the frequency used
in the transmission. Let’s consider v and f0 respectively the

The total bits for the kth user is given by:
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where ρk,n = 1 if nth sub-carrier is allocated to kth user
and ρk,n = 0 otherwise.(we consider that nth sub-carrier is
allocated only to kth user )
The problem of resource allocation can be written:
K X
N
X

min(

pk,n .ρk,n )

(7)

k=1 n=1

subject to:
N
X

ck,n .ρk,n > r0

(8)

n=1

where r0 is the minimal data rate for the kth user.

Let’s consider N and K respectively the total number of
sub-carriers and the total number of the active users in the cell.
The access method is based on the OFDMA and each user can
have Nk sub-carriers. According to Shannon’s theorem [15],
the capacity of the sub-carrier n for the kth user is given by:
B
log2 (1 + SN Rk,n )
N

(9)

where B is the total bandwidth and SN Rk,n the signal-tonoise ratio for the sub-carrier n. Let’s consider Hk,n the gain
of the channel for the kth user on the nth sub-carrier. The
signal to noise ratio for the kth user with the nth sub-carrier
is defined by:
P rk,n
SN Rk,n =
(10)
N0 Bch
where P rk,n is the power of the received signal, N0 is the
power spectral density of the noise and Bch is the width of
one sub-channel. In this work, we assume that all sub-channels
are flat during the transmission of the symbol and have the
same width. We take into account the conditions of propagation
characterized by the path-loss and the shadowing. Therefore,
according to the equation of FRIIS1 , the power of the received
signal is given by:
P rk,n =

2
P ek,n Hk,n
GeGr

PL

(11)

where Hk,n , Ge, Gr, and PL are respectively the gain of
channel for user k on the nth sub-carrier, the gain of the
transmitter antenna, the gain of the receiver antenna and the
path-loss factor. The path-loss factor is defined by:
PL = PL0 + σ

n+2

P Lindoor = 37 + 30 log10 (R) + 18.3n( n+1 −0.46)

(12)

P Loutdoor = 49 + 40 log10 (R) + 30 log10 (fn )

1 Harald

T. Friis 1893-1976

(14)

In the vehicular test environment the path-loss factor is defined
by:
(15)
(16)

The total throughput can be expressed by:
CT =

K X
N
X

Ck,n .ρk,n

(17)

k=1 n=1

where ρk,n is the indicator of the resources allocation such
that ρk,n = 1 if the nth sub-carrier is attributed to the kth
user and ρk,n = 0 in otherwise.
By replacing (5) into (3), the total throughput can be
written:
CT =

K X
N
2
X
P ek,n Hk,n
GeGr
B
log2 (1 +
).ρk,n
N
P
N
B
L 0 ch
n=1

(18)

k=1

Therefore, the main objective of this work is to maximize
the total throughput under the constraints of the available
power. Indeed, the capacity is proportional with the power of
signal P ek,n . Thus, the research of the maximization of the
capacity is necessarily obtained with the increase of the power
transmitted signal. So, the resolution of this problem is limited
by the availability of the total power in the base station.
In this work, we propose to increase the signal-to-noise
ratio by applying an efficient resources allocation to users. In
fact, the sub-carriers are allocated to users with highest channel
gain, in this case the capacity of the system is increased. The
power on each sub-carrier is assumed to be constant.
The resources allocation problem can be formulated as:
K X
N
2
X
P ek,n Hk,n
GeGr
B
max(
log2 (1 +
).ρk,n )
N
PL N0 Bch
n=1

(19)

k=1

subject to:
K X
N
X

where PL0 is the free space path-loss and σ is the term of
shadowing. The path-loss factor is defined in three cases: the
indoor radio propagation model, the outdoor to indoor and
pedestrian environment and the vehicular environment.
Let’s consider R the distance expressed in (km) between
the mobile equipment and the base station, n the number of
floors in the path and fn the frequency of the transmission

(13)

The path-loss in the outdoor to indoor and pedestrian propagation is the total transmission loss taking into account the
reflexion and the diffraction. This path-loss is given by:

P Lvehicular = [40(1 − 4.10−3 ∆hb )] log10 (R)
−18 log10 (∆hb ) + 21 log10 (fn ) + 80

C. Formulation of the rate adaptive’s problem

Ck,n =

carrier in (M Hz). In the case of indoor office radio propagation model, the path-loss is based on the COST 231 model.
It’s given in typical conditions by [8]:

P ek,n ≤ PT

(20)

ρk,n = 1

(21)

k=1 n=1
K
X
k=1

where PT is the total power available in the base station.
The problem described above is highly non linear and
there are not an efficient algorithm which gives exact solution.
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required power and the quantity of bits are calculated
from this allocation for every user. All chromosomes
have the same fixed size which corresponds to the total
number of subcarriers. The table I shows an example
of the structure of the chromosomes.

Therefore, many algorithms are proposed to solve approximately the resources allocation problem. There are the iterative
algorithms, and the heuristic approach.
The iterative approach is more simple to implement but
its complexity increases highly when the parameters of the
problem become very important. In addition, when the problem presents several extrema the iterative algorithms are not
appropriated. Indeed, in this situation an iterative approach can
converge to a local optimum which is not necessarily the global
solution.
In otherwise, the heuristic approach, inspired by natural
phenomenon, presents a very high robustness; which permits
to efficiently solve the resources allocation problem even if it
presents many extrema[6]. The evolutionary algorithm is one
part of heuristic approach. The algorithm proposed in this work
is based on genetic algorithms inspired by the evolution of
species introduced by C. Darwin2 .
IV.

TABLE I.

GAs work with a coding of the set of parameters,
while the classical methods use directly the parameters.

•

The solution given by GAs is a set of points (chromosomes) and the solution for a classical methods is
a single point.

•

GAs use the objective function and the standards
methods often use derivatives of function or other
auxiliary knowledge.

•

Coding of chromosome: A chromosome of the population represents a resource allocation scheme. The
coding of the chromosome is to provide a structure
corresponding to the resource allocation problem. In
our implementation, chromosome is represented by
an array of structure, containing a fixed number of
subcarriers, numbered in increasing order, from 0 to
N −1. In the nth cell, there are the index of the user to
which the corresponding subcarrier is allocated. The

2 Charles

Robert Darwin, 1809-1882

---

N

3

---

10

Evaluation: In this function, the total required power
and the total throughput are calculated for each chromosome. The required power corresponds to a fitness
(objective function) of the chromosome. The fitness
or the objective function represents the criterion of
the selection of chromosomes.

•

Selection: After evaluating the power of all chromosomes, the selection consists to retain the best
chromosome by directly sorting (natural selection) or
by organizing tournament between two chromosomes
arbitrary selected (selection by tournament). The best
chromosome of the population is the one that the
requires power is the smallest while respecting the
constraint of throughput.

•

Mutation: It consists to bring changes to the resources
allocation scheme in order to have a better exploration
of the search domain. In this work, the number of
mutations and the index of the mutated subcarrier are
randomly determined for each chromosome. Note that,
all chromosomes will not be affected by the mutation.

•

Crossover: In this step, a new chromosome is created
from two chromosomes in order to take advantages
of their best characters. Two points of crossover are
randomly chosen and two parts of the first chromosome are concatenated with one part of the second
chromosome. So, a new chromosome is created from
this concatenation.

The principle of GAs is based on the evolution of an initial
population under the effect of operators such as selection,
mutation and crossover. At the end of the GAs’s process, the
best individual in the population will be the solution of the
optimization problem.

•

2

5

•

Gas use probabilistic transition rules when the traditional methods use deterministic rules.

The different phases of the GAs are:

1

User

Initialization of the population: It consists to set the
size of the population and to generate all chromosomes
of the population. In this work, the chromosomes of
the population are randomly generated and their size
is the same and stays constant during the GAs process.

Robustness is the main advantage of genetic algorithms
relative to traditional resolution methods of optimization problems[6]. In other words, we can see the four major differences
between the two methods:
•

Subcarrier

•

G ENETIC A LGORITHMS

Genetic algorithms are inspired by Darwin’s theory of
evolution and by Mendel’s works about recombination of
species[10]. GAs are used to solve many problems of optimization.

S TRUCTURE OF C HROMOSOME

V.

D ESCRIPTIONS

OF PROPOSED SOLUTIONS

The genetic algorithms is among the evolutionary approaches. It’s first proposed in engineering by J. Holland3 and
developed by David Goldberg [6] for solving the problem of
the control of natural gas pipeline. The principle of genetic
algorithms is based on the evolution of the initial population
by many factors such as: selection, crossover, recombination
and mutation. At the end of the process, a new population
is created. These operations are repeated during the cycle of
evolution defined by the number of generations.

3 John

Henry Holland, 1929, University of Michigan
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B. Results of simulation

Algorithm 1: Genetic Algorithms Approach
Data: N, K, Sizepop, Ngen , Hcanal , PT
Coding of individual;
Init population(matpop , N, Sizepop);
for i = 0 to Sizepop − 1 do
for n = 0 to N − 1 do
k ← rand(N );
Indiv(i, n) ← k;
P (k, n) ← PT /N ;
C(k, n) ← (B/N ) log2 (1 + SN Rk,n );
for g = 1 to Ngen do
selection tournament(matpop );
mutation(matpop );
crossover(matpop );
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PARAMETERS OF SIMULATION
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Figure 3 shows that according to the considered frequency ,
the gain of the transmission channel can vary from 15 dB to -25
dB. This reflects the frequency selectivity of the transmission
channel. Note that, this channel gain for a given frequency also
varies from one moment to another, reflecting the temporal
selectivity of the transmission channel.

Channel bandwidth
PSD of the noise N0
Sub-channel bandwidth
Total power of BS
Radius of cell
RMS of delay
Average speed of users
Numbers of scatters
Base Station antenna gain
Mobile Station antenna gain

400
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AND RESULTS

A. Parameters of simulation
In figure 3, the model of transmission channel is shown. It’s
characterized by frequency and time selectivity which take into
account the multi-path phenomenon and the Doppler effect.
The Jakes’ model is used for the simulation of the channel
with the parameters given in the table II.

TABLE II.
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S IMULATION
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solution ← best individual(matpop) ;

VI.
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Fig. 3. Variation of channel gain in frequency and time domain
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C. Analysis and comments of results
The results obtained with the proposed algorithm are very
interesting. Indeed, figure 4 shows the convergence of the
proposed method. We note a quick increase of the total
throughput when the number of generation grows. However,
we note that from the 120th generation, the acceleration of the
graph decreases. That corresponds to the neighboring of the
optimal solution of the problem given by the proposed method.

approach will give interesting results when applied to the case
of multi-cell system and in radio cognitive systems. In future
work, the integration of new metric of QoS measurement of
cellular systems such as an effective spectral efficiency area
[9], will constitute the basis of a new development in order to
achieve a more effective resolution of the resources allocation
problem in radio mobile systems.

In figure 5, we compare the proposed algorithm with the
OFDM-TDMA approach. Figure 5 shows that, the proposed
algorithm performs the OFDM-TDMA algorithm; and this
improvement becomes very important for high data rate. For
exmple with power consumption of 25w, the proposed algorithm permits to acheive around 80 Mbps while the OFDMTDMA gives 60 Mbps.
Also, in Figure 6, we compare the proposed algorithm
with the SAS (Simulated Annealing) algorithm proposed in
[4]. We note that, for average flows (about less than 50Mbps),
the results of our approach are similar to those obtained with
SAS algorithm. However, when the required flow rate becomes
large(from 60 Mbps), the gain of the proposed solution is
more pronounced relative to the SAS algorithm. Sometimes,
the proposed approach provides similar flow with more than
half of number of sub-carriers used by the SAS method. As
an exemple, the proposed algorithm gives 100 Mbps with 150
sub-carriers while the SAS method does not exceed 60 Mbps
with more than 150 sub-carriers.
Figure 7 shows the evolution of the users’s consumed
power based on the minimum required data rate for users.
We note that, the consumed power does not evolve linearly
with the required users’s throughput. Better, figure 7 shows
a decrease in the slope of the curve of evolution when the
users’s throughput increases. This reflects a minimization of
the power consumption depending on the data rate.
VII.

C ONCLUSION

In this paper, we have proposed the genetic algorithms to
solve the problem of resources allocation. The study took place
in the context of frequency selectivity and time-variant of the
transmission channel. In addition, we have taken into account
the propagation loss; which permits to obtain the effective
received throughput for users. The proposed implementation
of genetic algorithms has led to efficiently solve the problem
of resources allocation, and it’s better than the OFDM-TDMA
approach and the algorithm SAS. The obtained solution is
very similar to the standard specifications of OFDMA-based
systems in terms of maximum data rate and capacity of users.
In this article, the choice of the methods of comparison with
our approach is firstly justified by the good performance
of some approaches: it’s the case of SAS algorithm [4],
on the other hand by the accessibility of certain resolution
methods found in the literature: it’s the case of OFDM-TDMA
approach. On the other side, comparison with methods based
on evolutionary approach is made difficult by the lack of details
on the algorithms presented in most of the articles that we
consulted [1][12][17].
However, the proposed method solves the problem of
resources allocation in mono-cell case. We hope that this
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