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PAPER

A Novel Radio Resource Optimization Scheme in Closed Access
Femtocell Networks Based on Bat Algorithm
I Wayan MUSTIKA†a) , Member, Nifty FATH†† , Selo† , Nonmembers, Koji YAMAMOTO††† ,
and Hidekazu MURATA††† , Senior Members

SUMMARY Femtocell has been considered as a key promising technology to improve the capacity of a cellular system. However, the femtocells deployed inside a macrocell coverage are potentially suﬀered from
excessive interference. This paper proposes a novel radio resource optimization in closed access femtocell networks based on bat algorithm. Bat
algorithm is inspired by the behavior of bats in their echolocation process.
While the original bat algorithm is designed to solve the complex optimization problem in continuous search space, the proposed modified bat
algorithm extends the search optimization in a discrete search space which
is suitable for radio resource allocation problem. The simulation results
verify the convergence of the proposed optimization scheme to the global
optimal solution and reveal that the proposed scheme based on modified bat
algorithm facilitates the improvement of the femtocell network capacity.
key words: heterogeneous network, macrocell, femtocell, resource allocation, optimization, bat algorithm, interference management

1. Introduction
The communication systems have developed very rapidly,
especially for mobile communication systems. Mobile communication systems are becoming more popular because of
the flexibility and mobility aspects which revolutionized the
way people communicate. The evolution of mobile technology has led to a tremendous increase in mobile data usage. Wireless usage study reports that more than 50% of
all voice calls and more than 70% of data traﬃc originates
indoors [1].
Data networks require much higher signal quality than
voice networks since the required data rate increases. For
data traﬃc originates indoor, wall penetration loss will make
high signal attenuation and thus becomes a weak point of
cellular coverage [2]. A new way of thinking leads to the
conclusion that it is essential to shrink the cell size to enable
short-range and low power link from BS to end users. Thus,
the cell coverage and network capacity can be increased [3].
Femtocell is considered as a key promising technology
to cope with tremendous traﬃc growth. This technology is
convinced as a win-win solution between the user and mo-
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bile operator. For the user, higher received signal strength
and saver phone battery can be achieved because of the reduced distance between the base station and user, which
leads to the full speed data transfer. Besides, mobile operator will be able to reduce the amount of traﬃc from the
macrocell network and increase the network capacity [4].
In 3GPP LTE terminology, femto BS is known as
home eNB (HeNB). By deploying femto BS, indoor users
can get high-quality wireless data connection. Femtocell
has been extensively used in many wireless communication
standards, e.g., LTE and LTE-Advanced which use orthogonal frequency-division multiple access (OFDMA) [5]. Access modes in femtocell are classified as open access and
closed access. In the open access mode, a non-subscriber
group which means any user is allowed to connect to HeNB,
while in the closed access mode, only a subscriber group is
permitted to access HeNBs. The closed access femtocell is
more favorable in indoor environments because the femtocell subscribers can receive maximal advantages from the
HeNBs [17]. HeNBs that are deployed inside a macrocell
coverage form a heterogeneous network (HetNet) as shown
in Fig. 1.
Spectrum resource allocation in HetNet can be classified into two categories: spectrum sharing and spectrum
splitting. For the former approach, the spectrum is shared
among the two tiers whereas the latter is already dedicated
to each tier [7]. In a two-tier cellular network, the sharing spectrum approach is generally preferred than splitting
spectrum between tiers which yields maximization of spectrum utilization. However, the system performance could be
severely degraded due to excessive cross- and co-tier interference if the spectrum resource is not properly managed.
Radio resource optimization using nature-inspired
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metaheuristic algorithms has raised a lot of interest recently
due to its properties in using specific behavior of a living
thing to formulate the key updating strategies. Swarm intelligence based algorithm is a population-based method where
each entity interacts with its environment to produce global
functional patterns. For instance, particle swarm optimization (PSO) which is based on the swarming behavior of bird
and fish, bat algorithm which is inspired by the behavior
of bats in searching for prey, and ant colony optimization
(ACO) which is inspired by the behavior of real ants in
searching for food [8].
Among these optimization algorithms, bat algorithm
has gained popularity due to its simplicity and robustness.
It is state-of-the-art and superior metaheuristic algorithm
for solving the global optimization problem where the simplicity and flexibility of this algorithm are the key advantages [29], [30]. Bat algorithm is inspired by the echolocation process of bats, especially microbats. They emit a very
loud sound pulse then listen to sound pulse bounces back
from the surrounding object around the bats. The main key
to this algorithm is to control loudness and pulse emission
rates of bats while searching for prey. Thus, the balance
between diversification and intensification during the search
process can be achieved [30].
Bat algorithm is initially designed to solve a continuous problem. However, radio resource allocation problem
deals with a discrete solution. Therefore, the original bat
algorithm cannot be directly applied to solve the discrete
problem. The major contribution of this paper is two folds.
First, propose a novel scheme for resource allocation in femtocell network based on bat algorithm. In this scheme, solution matrix for resource block allocation is introduced at
the time of initialization of bat population. Second, modify
the original bat algorithm to adapt to the discrete domain,
i.e., resource allocation problem. Specifically, nearest integer method is proposed for updating strategy of bat algorithm during diversification and intensification search.
The remainder of this paper is organized as follows.
In Sect. 2, an overview of the related work on resource optimization in heterogeneous network is presented. The system
model of a heterogeneous network is described in Sect. 3.
Section 4 presents the proposed radio resource optimization
scheme based on modified bat algorithm. The evaluation of
the eﬀectiveness of the proposed algorithm is described in
Sect. 5. Finally, conclusions of this paper are remarked in
Sect. 6.
2. Related Work
There has already been much work that put emphasis on
solving the resource optimization problem in the heterogeneous network. In [9], a technique based on sequential
quadratic programming (SQP) has been proposed to optimize the rate and transmit power in OFDMA femtocells.
In [10], an iterative algorithm based on geometric programming for the joint allocation of subchannels and transmit
powers in OFDMA femtocells has been shown to converges

to some local maximum solution. In [11], an iterative algorithm based on Chemical-reaction optimization is proposed to solve the energy eﬃciency problem. In [12],[13],
a resource optimization problem to maximize the achievable system rate with predefined locations of pico base station (BS) and optimal pico BS deployment was considered.
Energy eﬃciency optimization problem for two-tier macrocell/femtocell networks by considering transmit beamforming design and power allocation policies has been addressed
in [14]. The problem of eﬃcient power control and coverage
management in two-tier macrocell/femtocell networks is investigated in [15]. In [16], a mixed-integer programming
problem is used to tackle the subchannel and power allocation problem with multiple constraints in OFDMA cognitive femtocells. A novel resource allocation algorithm based
on clustering for the closed access femtocell has been proposed in [17]. Most conventional optimization algorithms
proposed in [9]–[17], can be classified as deterministic algorithms.
Metaheuristic algorithms, which is a type of stochastic algorithms, uses a certain randomness and local search.
Nature-inspired metaheuristic algorithms have been found
in literatures, e.g., Cuckoo search, PSO, ACO, genetic algorithm (GA), etc. A resource allocation technique based on
Cuckoo search in an OFDMA-LTE system has been proposed in [18]. The proposed technique aims to mitigate
the cross-tier interference. In [19], a multi-objective optimization of spectrum sharing based on gradient-based and
GA is investigated. Spectrum partitioning approach based
on GA which aims to maximize the system throughput is
studied in [20], without considering interference mitigation.
In [21], interference mitigation is investigated by setting the
interference threshold equal to the system noise. In [22],
the authors demonstrated that resource optimization could
be achieved by maximizing the minimum throughput of the
femtocells. The sub-channel allocation algorithm based on
ACO is studied in [23] where the goal is to maximize the total sum rate of multiple femto UEs. ACO optimization algorithm for resource block allocation and mobility optimization is also proposed in [24] and [25], respectively. Simulated annealing based meta-heuristic for resource allocation
in static and dynamic network is introduced in [26]. In [27],
cell and resource block allocation based on Bacterial Foraging Optimization algorithm has been proposed to reduce
the power consumption of the femtocell network. Our preliminary study in [28] shows that the modified bat algorithm
minimizes the cross- and co-tier interference of the femtocell networks.
3. System Model
The network under consideration consists of macrocells and
femtocells. Femtocells are deployed inside an apartment
block which is arranged in a 5 × 5 grid. As shown in Fig. 2,
femtocell deployment conforms to the 3GPP simulation scenario for urban deployment.
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where XσF denotes the femtocell shadowing standard
deviation.
3. Path-loss from HeNB to femto UE (FUE)
The path-loss calculation between HeNB and FUE in
the same grid and diﬀerent grid can be respectively expressed as

femto UE

Femtocell deployment in 5 x 5 grid model.

PL [dB] = 127 + 30 log 10dm [km] + XσF ,

(8)

PL [dB] = 127 + 30 log 10dm [km] + Lw + XσF . (9)

3.1 Antenna Pattern
A macrocell is typically partitioned into three 120◦ sectors
or six 60◦ sectors to minimize the co-channel interference
and to improve the capacity. Based on the 3GPP specification [5], a macrocell is divided into three sectors cell sites
with fixed sectorized antenna pattern. The horizontal antenna pattern for each sector AH (θ) is described by
 (

)2


θ
AH (θ) = −min 12
, Am  ,
(1)
θ3dB

4. Path-loss from macro eNB to FUE
The FUE is always located in indoor apartment block.
Thus, the wall penetration loss always occurs. The calculation of path-loss from macro eNB to FUE is given
by
PL [dB] = 128.1+37.6 log10dm [km]+Lw+XσM . (10)
3.3

Problem Formulation

(4)

In this work, the LTE technology which uses OFDMA is
considered. The system bandwidth in OFDMA is typically
divided into K resource blocks (RBs). For the sake of simplicity, perfect synchronization in OFDMA is assumed. Under this assumption, the interference to the associating UE
occurs when the base station in other cells transmit using the
same RB.
The major goal of this research is to improve the femtocell network capacity by minimizing the cross- and cotier interference. This can be achieved by allocating the resources optimally among FUEs. The RB allocation for all
FUEs can be represented by an F × H of matrix S , where
F is the number of HeNB-FUE pairs and H is the number
of elements of the subset of RBs. Each column of matrix S ( represents the subset
of RBs, su = Ru ∈ Su , where
)
(H)
su = cu(1) , c(2)
,
.
.
.
,
c
∈
S
u is a subset of RBs allocated
u
u
by HeNB to its corresponding FUE u and H = |Ru |, ∀u ∈ F .
It is assumed that H is predefined at initial assignment. The
subset of RBs is represented in integer domain.
It is assumed that each FUE utilizes the same number
of elements in the subset of RBs. Once allocated, these RBs
will be occupied at all the time by the HeNB to support its
associated FUE. The same scheme of RB allocation is applied to the MUE. Therefore, the following assumptions are
considered:

where Lw in Eq. (3) indicates the presence of wall penetration loss.
2. Path-loss from HeNB to MUE
The MUE might be located in the same, diﬀerent, or
outside the apartment block. The calculation of each

1. Each FUE u and MUE m is associated only with one
HeNB and macro eNB, respectively.
2. The number of utilized RBs in each HeNB and macro
eNB should be less than or equal to the maximum number of the available RBs.

where −180 ≤ θ ≤ 180 is the horizontal angle relative to the
central antenna lobe. The maximum possible attenuation
due to sectorization is denoted by Am .
The total gain of macro eNB antenna in each sector can
be calculated as
GH (θ) = Gmax + AH (θ),

(2)

where Gmax is the maximum macrocell BS antenna gain (in
dBi). A typical value of Gmax for macrocell is 14 dBi.
3.2 Path-loss Calculation
The path-loss and shadowing are calculated using macro and
femto path-loss equation as described below [5].
1. Path-loss (PL) from macro eNB to macro UE (MUE)
The MUE might be located in outdoor or indoor. Thus,
the calculation of path-loss from macro eNB to MUE
can be classified to path-loss from macro eNB to MUE
indoor and macro eNB to MUE outdoor, given by
Eqs. (3) and (4), respectively
PL[dB] = 128.1+37.6 log10 dm [km]+Lw +XσM , (3)
PL[dB] = 128.1+37.6 log10 dm [km] + XσM ,
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c (1) c (2) c (3)
FUE1 1 3 4
FUE2 2 6 7
FUE3 5 11 13

3. Transmit power per RB is fixed for all HeNBs and
macro eNBs.
Fig. 3

4. Resource Allocation Using Bat Algorithm
4.1 Bat Algorithm Overview
The main idea of bat algorithm is based on echolocation behavior of bats, especially microbats. Microbats use echolocation, which is one type of sonar. These microbats emit
a very loud sound pulse, and they listen to sound pulse
bounces back from the surrounding object around the bats.
The time between emission and detection echo is called as
time delay. Based on the time delay, they can detect distance
and orientation of the target, locate their prey, and avoid surrounding obstacles in the dark [30].
Bats fly randomly at position xi with velocity vi . The
emitting sound pulse has a fixed frequency fmin with varying wavelength λ and loudness A0 for searching the target.
The pulse emission rate (r ∈ [0, 1]) and frequency can be
automatically adjusted, according to the proximity of their
target. The solutions which represent the velocities vti and
positions, xit at time step t for the i-bat are given by
fi = fmin + ( fmax − fmin )β,

(11)

vti = vt−1
+ (xit − xgbest ) fi ,
i

(12)

vti ,

(13)

xit

=

xit−1

+

(14)

where ε[1,-1] is a uniformly distributed random number and
At = ⟨Ati ⟩ is the average loudness of all bats at the t-th time
step in [30]. As the bat position is getting closer to the target, the loudness decreases; varies from a large (positive)
A0 to a minimum constant value Amin , and the rate of pulse
emission, denoted by r, increases. Therefore, when the new
solution is obtained according to Eq. (14), the loudness and
pulse rate will be updated using the equations below.

8

9

10 12
14 15

Example of solution matrix

search controlled by the loudness and pulse rate.
The convergence of the bat algorithm can be controlled
by adjusting the parameters α and γ. Thus, the closeness of
the fitness to the global optimal solution can be controlled
by the loudness and pulse rate.
4.2
4.2.1

Modification of Bat Algorithm
Bats Position

The main issue in modifying the bat algorithm is designing
representation formulation which aims at finding an appropriate mapping between candidate solution and virtual bats.
In this work, a straightforward representation is used where
the elements of each solution are encoded in a F × 1 matrix.
The matrix is called position matrix of bat population i, Xit .
The position matrix of the bat population represents the RB
allocation candidate for all FUEs. Each vector xu represents
the subset of selected RBs for FUE u which is represented
in a F × H matrix as shown below.
  c(1)
1
 x1   (1)
 x  c2
Xit =  2  =  .
 :   ..
 (1)
xF
cF

where β ∈ [0, 1] is a uniformly distributed random vector
and xgbest represents the current selected global best solution. The intensification search in the original bat algorithm
uses a random walk method as defined below.
xnew = xold + εAt ,

c (4) c (5)

c(2)
1
c(2)
2
..
.

c(2)
F

...
...
..
.

...


c1(H) 
(H) 
c2 
..  .
. 

c(H)
F

Figure 3 shows an example of solution representation
in a resource allocation problem with 3 FUEs and 5 RBs are
allocated for each FUE. This solution indicates that FUEs
FUE1 , FUE2 , and FUE3 are assigned a subset of RBs {1, 3,
4, 8, 9}, {2, 6, 7, 10, 12}, and {5, 11, 13, 14, 15}, respectively.
According to Fig. 3, the dimension matrix of virtual bats
Dbats is
Dbats = F × H.

(18)

At+1
= αAti ,
i

(15)

4.2.2

rit+1 = ri0 [1 − exp(−γt)].

(16)

The velocity of each bat is represented as a F × 1 matrix,
called velocity matrix Vit . Each vector vu represents the velocity of each element in a subset RBs of each FUE. The
velocity matrix is represented in a F × H matrix as shown
below.
  v(1) v(2) . . . v(H) 
1 
 v1   1(1) 1(2)
(H) 

 v  v2
v
.
.
.
v
2
2 

2
t


.
Vi =   =  .
.
.
.
..
..
.. 
 :   ..


 (1) (2)

vF
vF vF . . . v(H)
F

For any 0 < α < 1 and γ > 0, pulse rate and loudness
will converge to a fixed value as shown below.
Ati → 0 and rit → ri0 , as t → ∞.

(17)

However, setting the pulse rate into ri = 1 and loudness into Ai = 0, the bat algorithm becomes the standard
PSO algorithm. The updating process of the positions and
velocities of bats also has some similarity with the PSO algorithm [31]. The bat algorithm can be regarded as a combination of the original PSO algorithm with intensive local

Bats Velocity
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4.2.3 Bats Updating Strategy Using Nearest Integer
Bat algorithm has been widely applied to solve continuous
problems. However, the radio resource allocation problem
deals with selecting the most appropriate RBs where the
candidate solution is in a discrete search space. Therefore,
it is essential to modify the original bat algorithm formulation to address the resource allocation problem. We propose
the nearest integer method to discretize the solution. The
velocity update and random walk in Eqs. (12) and (14), respectively, are modified as follows
vti = round(ωvt−1
+ (xit − xgbest ) fi ),
i

(19)

xnew = xold + round(εAt ).

(20)

The notation of ω, which is adopted from the PSO algorithm with intertia weight, aims to avoid too drastic change
of velocity by
ω = ωmax −

ωmax − ωmin
t,
tmax

MUE m and M is the total number of MUEs in the central
macrocell site.
From Eq. (22), the formulation of the fitness function
in the proposed optimization algorithm aims to minimize the
cross- and co-tier interference by finding the most appropriate RBs to each FUE. Thus, the total fitness can be defined
as the sum of the fitness value of all FUEs in the population.
Since the proposed optimization algorithm is considered as a centralized approach, we assume that the algorithm is implemented in a central coordinator. We further
assume that the central coordinator has perfect knowledge
of the channel quality of each FUE. In the practical implementation, each UE reports the channel quality in each selected RBs to the central controller through a common control channel. During the execution of the algorithm, central
coordinator requests all HeNBs to update the RBs allocation
to its corresponding FUEs.
4.3

Pseudocode of Modified Bat Algorithm

(21)

The pseudocode of the proposed bat algorithm is described
below.

where ωmax and ωmin are set to 0.9 and 0.4, respectively.
During the generation of position matrix or random walk,
if two or more elements in the column of position matrix
have an identical index number of elements, then the RB
which corresponds to these elements is changed by generating a new random number. In practice, this implementation
is reasonable in the sense that the FUE cannot be allocated
the same index number of elements in its subset of selected
RBs.

1. Assume the number of bats population is N. The bigger
number of N leads to the longer computation, while the
smaller number of N aﬀects the successful chance of
finding the optimal solution.
2. Initialize the parameter’s values below:
(
)
• Initialize pulse frequency f10 , f20 , . . . , fN0 to zero
(
)
• Initialize velocity V10 , V20 , . . . , VN0 to zero
• Randomize initial position
Xi0
(
)
• Randomize pulse rate r10 , r20 , . . . , rN0
(
)
• Randomize loudness A01 , A02 , . . . , A0N

4.2.4 Fitness Evaluation
Minimizing the cross- and co-tier interference in the femtocell networks is the objective of the proposed optimization
algorithm. Thus, the fitness function of each solution can be
formulated as
 H  F

H ∑
∑

  ∑ B B
 
Pu =
Gub pb δc(x)
δc(y) 
u
b
x=1 y=1 b=1,b,u



L ∑
M
∑


M M
(22)
+
δ (x)  ,
 Gum pm δc(z)
m cu 
z=1

m=1

where GBub and GM
um represent the channel gain between
HeNB b to the FUE u and channel gain between macro eNB
that serves the MUE m to FUE u, respectively. pBb represents
the transmit power of HeNB b in each RB, and pM
m denotes
(y) is
the transmit power of macro eNB M in each RB. δc(x)
u cb
the Kronecker delta function that represents whether or not
the elements of the subset of RBs allocated to FUE u and
(y)
(y) = 1; otherwise,
FUE b are the same: if c(x)
u = cb , δc(x)
u cb
(y) = 0.
δc(x)
x
and
y
are
the
index
of
elements
of subset
u cb
of RBs that is allocated to FUE u and b, respectively. z is
the index of elements of subset of RBs that is allocated to

3. Calculate the total fitness in the population based on
Eq. (22). The fitness {values of all bat populations
are
}
defined as a vector of P(X10 ), P(X20 ), . . . , P(XN0 ) . Since
the objective of this work is global minimization, select the minimal value of the fitness from the population and record the solution as the current global best
solution Xgbest .
4. Set the iteration step to t = 1.
5. For the bat i ∈ 1, 2, . . . , N, do the steps 6–12.
6. Update the pulse frequency, velocity, and position of
each bat with Eqs. (11), (19), and (13), respectively.
7. Record the updated position.
8. Check each element of the updated position whether it
meets the given constraint by applying a simple boundary scheme. For example, the updated position should
lie between 0 to 49 since the number of available RBs
is 50.
9. Evaluate each element of the updated position whether
there are any same number of RB in each FUE.
For
{ example, the
} HeNB 1 assigns a subset of RBs
c1u , c21 , c31 , c41 , c51 = (2, 8, 10, 10, 20) to FUE 1. The
number of c31 = c41 is practically not allowed. Thus,
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10.

11.

12.

13.
14.

Table 1

the number of c41 should be changed by regenerating a
random value.
Do the intensification search for each bat using the proposed random walk. The intensification search
is pro(
)
cessed if meet the following condition: rand() > ri1 .
The execution of local search is computed using
Eq. (20).
Update the new solution if the fitness value of the new
solution obtained from the intensification step is higher
than the fitness value of the local solution
Perform a diversification process if meet both conditions: rand() < Ati and P(Xgbest ) < P (Xnew ). If the new
solution is better than Xgbest , accept the new solution
as a new Xgbest . In this step, increase the pulse rate ri1
and reduce the loudness A1i using Eqs. (16) and (15),
respectively.
Update the Xgbest and record P(Xgbest ).
Increase the iteration step t = t + 1 and return to the
step 5. The iteration will be terminated if meets the
stopping criteria.

Parameters

Value

Cellular layout of macrocell

Hexagonal grid, 19 cell sites
3 sectors per site

Macrocell/femtocell radius

288.68 m (ISD = 500 m), 5 m

Shadowing standard deviation

8 dB (outdoor), 10 dB (indoor)

Wall penetration loss

20 dB

HeNB antenna

Omnidirectional

Antenna gain eNB

14 dBi (macro), 0 dBi (femto)

Antenna gain UE

0 dBi

Thermal noise density

−174 dBm/Hz

Number of UEs

10 MUEs/sector, 1 FUE/HeNB

System/RB bandwidth

10 MHz (System), 180 kHz (RB)

Number of available RBs

50

Carrier frequency

2 GHz

Traﬃc model

Full buﬀer

1500

5. Performance Evaluation

: Macro eNB
: MUE
: HeNB
: FUE

5.1 Simulation Scenario and Parameters

1000

500

y (m)

The network topology under consideration consists of
macrocells and femtocells. The cellular layout of macrocell
network consists of 19 cell sites as shown in Fig. 4. MUEs
are randomly generated in each sector of macrocells, and
each MUE can be located either outdoor or indoor. During
the network setup, each HeNB assigns a random subset of
RBs to its corresponding FUE. It is assumed that the macro
eNB allocates the subset of RBs to its corresponding MUE
in such a way that the co-tier interference between macrocells is minimized. All of MUEs are assumed to be always
connected to the macro eNB. Log-normal shadowing is considered in the simulation, while the eﬀect of fast fading is
eliminated since all UEs are stationary. Table 1 summarizes
the other relevant parameters used in the simulation.

Simulation parameters.

0

−500

−1000

−1500
−1500

−1000

−500

0

500

1000

1500

x (m)

Fig. 4

System model of macrocell-femtocell network.

5.2 Convergence Analysis
The behavior of HeNB-FUE pair in optimizing their fitness
value using bat algorithm depends on two essential parameters: loudness (A) and pulse rate (r), which control the diversification and intensification in the searching process. The
loudness and pulse rate are updated accordingly as the iterations proceed using parameters α and γ, respectively. For
the sake of simplicity, we set α = γ.
Four scenarios are considered in analyzing the convergence behavior of the proposed algorithm under the parameters α = γ = 0.9, α = γ = 0.8, α = γ = 0.7, α = γ = 0.6,
and α = γ = 0.5. These scenarios are also considered as
a simple benchmark of the proposed algorithm. When the
subset of RBs is appropriately assigned to each FUE, there
will be no interference among femtocells. Thus, the global

best solution can be easily predicted when the fitness value
is zero.
1) Scenario I
In this scenario, there are 5 HeNBs in an apartment
block and 10 available RBs, in which 2 RBs are allocated for
each FUE. The result is shown in Fig. 5. From Fig. 5, it can
be seen that the fitness value of the proposed algorithm that
corresponds to the interference among femtocells reaches its
minimum (interference = 0) when α = γ = 0.9 and α = γ =
0.8. The premature convergence occurs when (α = γ) < 0.8.
2) Scenario II
Scenario II is evaluated under the following assumptions: 10 HeNBs in an apartment block and 10 available
RBs, in which 1 RB is allocated for each FUE. The re-
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Convergence analysis for scenario I.

Fig. 8

Convergence analysis for scenario IV.
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Table 2

a = g = 0.9
a = g = 0.8
a = g = 0.7
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Convergence analysis for scenario III.

sult is presented in Fig. 6. As shown in Fig. 6, the fitness
value of the proposed algorithm reaches its minimum when
α = γ = 0.9 and α = γ = 0.8 while the minimum fitness
value could not be obtained when (α = γ) < 0.8.

3) Scenario III
In Scenario III, there are 5 HeNBs in an apartment
block and 15 available RBs, in which 3 RBs are allocated
for each FUE. Based on the result as shown in Fig. 7, it
can be seen that the fitness value of the proposed algorithm
reaches its minimum when α = γ = 0.9 and α = γ = 0.8.
4) Scenario IV
Scenario IV is performed under the following assumptions: 6 HeNBs in an apartment block and 12 available RBs,
in which 2 RBs are allocated for each FUE. From the result
shown in Fig. 8, the fitness value of the proposed algorithm
reaches its minimum when α = γ = 0.9 and α = γ = 0.8
while the minimum fitness value could not be reached when
(α = γ) < 0.8.
Figures 5–8 demonstrate that the proposed algorithm
converges to the global optimal solution when α = γ = 0.9
and α = γ = 0.8. Setting (α = γ) < 0.8 may lead to
premature convergence where a sub-optimal solution could
be obtained. Unless otherwise specified, the parameter of
α = γ = 0.9 are used in the evaluation of the proposed
algorithm. The other parameters of the proposed algorithm
are summarized in Table. 2.
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5.3 Eﬀect of the Introduction of ω
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In Sect. 4.2.3, ω is introduced in the proposed bats updating
strategy with the aim to avoid drastic change of velocity. As
can be observed from Fig. 9, omitting parameter ω leads to a
drastic change of the velocity during velocity update which
impacts the convergence speed of the proposed algorithm.
Introducing ω in Eq. (19) apparently slows the convergence
speed of the proposed algorithm with the benefit of higher
probability to converge to a global optimal solution.

The performance of the proposed algorithm is evaluated
under several network scenarios. At the initialization step
(t = 0), each HeNB assigns a random subset of RBs to its
corresponding FUE. Thus, excessive cross- and co-tier interference may occur at the initial network setup. The initial
condition of the femtocell network is considered as a random allocation scheme.
In the proposed algorithm, virtual bats and the target
solution represent the population of HeNB-FUE pairs and
the subset of RBs that corresponds to the HeNB-FUE pairs,
respectively. The movement of virtual bats in finding the
target is represented by the improvement path of the fitness
value to the global minimum solution. After some iteration
steps, the solution converges where the bats are not moving
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5.4 Performance Comparison
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Convergence comparison.

due to the closeness from its target.
The fitness value of the proposed algorithm represents
the total cross- and co-tier interference received by FUEs.
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ference are minimized. The simulation results reveal that
the proposed resource allocation scheme based on modified bat algorithm achieves the performance improvements
in terms of femtocell network capacity and faster convergence compared to that of random allocation and discrete
particle swarm optimization algorithm.
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