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Abstract— Load balancing (LB) is an important use case in 

long-term evaluation (LTE) self-optimizing networks 

(SONs). To overcome the potential Ping-Pong load transfer 

and low-convergence issues, we propose a hand over 

optimization in LTE son to solve the asymmetry traffic 

distribution among multiple cells and delay. The Multi 

objective bat method along with priori expert knowledge 

reduces the search space and computation time. In PSO each 

particle (distortion types) flies in the search space with a 

velocity adjusted by its own flying memory and its 

companion’s flying experience. Each particle (distortion 

types) has its objective function value which is decided by a 

fitness function. The PSO process stops once the termination 

criteria have been satisfied. The proposed algorithm of 

hybridized bat algorithm combines both the Multi objective 

bat algorithm and PSO which reduces the number of 

iterations and produces the fitness solutions in short time. 

Key words: Multi Objective Bat algorithm, Particle swarm 
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I. INTRODUCTION 

A SELF-OPTIMIZING NETWORK is an efficient way to 

facilitate future network management for optimization, 

exposure, power, hand over and interference which fully 

supports the cochannel-deployed heterogeneous networks 

and significantly increases the quality of service.  

Mobility load balancing (MLB) is a function where 

cells suffering congestion can transfer load to other cells, 

which have enormous resources. MLB includes load 

reporting between eNBs to exchange information about load 

level and available capacity. A handover due to load 

balancing is carried out as a uniform handover, but it may be 

essiential to amend parameters so that the User Equipment 

(UE) does not return to the congested cell.  

The amendment must take place in both cells, so 

that the handover settings remain reasonable in both cells. 

The Base node need to evaluate how much the cell border 

needs to be shifted, expressed in dB, to avoid a quick return 

of the UE. 

LB is a mechanism whereby highly loaded cells 

offload some of their traffic to their lightly loaded neighbor 

cells to make more efficient use of resources. In an LTE 

SON, LB is usually referred to as mobility load balancing 

(MLB) which is automatically performed to use overall 

network resources by setting the cell individual offset (CIO) 

value and is applied between the overloaded cell and a 

possible target cell if an omni directional antenna is used to 

achieve optimal system performance.  

The sensor nodes have the ability to detect data 

from the environment, and work together with other sensor 

nodes to transmit the data to a managing center, known as 

the sink, using multi-hop wireless communication. WSNs 

are homogeneous sensor networks hardly exist.  

Even homogeneous sensors have different levels of 

abilities like initial energy, depletion rate, etc. In divergent 

sensor networks, typically, a large number of inexpensive 

nodes perform sensing, while a few nodes having 

comparatively more energy perform data separation from 

unwanted noise, integration, fusion and transmission. 

In 3GPP TS 36.331, handovers (HOs) can be 

utilized by a number of events. We are concerned with one 

particular event known as event A3, which defines the 

entering and leaving conditions of HOs. 

The periodicity of the reporting can be requested in 

the range of 1 to 10 s. The report can contain hardware load, 

L1 transport network load and Radio resource status.  

The resource status reports are separated in Up 

Link and Down Link reports, including the total allocation 

guaranteed and non-guaranteed bit rate traffic, the 

percentage of allocated Physical Resource Block (PRB) and 

the percentage of PRBs available for load balancing. 

All of the mentioned approaches balance the traffic 

load between a pair of cells, i.e., a highly loaded cell 

offloads some traffic to one of its lightly loaded neighboring 

cells. Due to the inadequate load information of other cells 

(hidden cells, the details of which can be found), irrational 

LB might be triggered, causing a “Ping-Pong” LB problem.  

The ping pong LB problem means that the 

offloading the load to the source node with reaching the 

destination in a short time. Meanwhile, the huge diversity of 

load distribution easily triggers a series of MLBs among 

multiple cells, causing another slow-convergence problem.  

Differing from these cell-to-cell ways, a multi cell-

to-multi cell LB method is proposed in this paper, the 

rationale of which is motivated by the theoretical conclusion 

in [15]: “Assume that the total traffic in an m-cell system is 

T Erlangs, then the (system wide) call blocking probability 

is minimized when the traffic in each cell is T/m Erlangs.” 

This is to say always, a low blocking probability 

will be achieved when each cell carries the similar load. The 

main contributions of this paper can be followed as 

 In the bat algorithm, firstly initialize the bat 

population with velocity. After that initializes the 

pulse frequency, pulse rate and loudness.  In every 

iteration, the new solutions are generated by adjusting 

frequency and update the velocity and position of 

bats. Select the best solution based on the fitness 

value. Rank the bats and find the current best. 

 In the multi objective BAT algorithm system, an 

innovative technique is introduced which is called 

multi objective bat algorithm for combines a priori 

expert knowledge with Multi-Objective BAT 

algorithm, which allows to considerable reduce the 

search space and the computational time required for 

designing the MLB SON controller. After that, the 

dynamicity of the optimization phase is addressed. 
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 To deal with potential risks of Ping-Pong and slow-

convergence problems in the conventional MLB 

schemes, we propose a cluster based load balancing 

algorithm, which implements multicell-to-multicell 

LB to achieve an optimal load redistributions and low 

blocking probability.  

This paper is organized as follows. In Section II, the 

network model and some preliminaries are given. In Section 

III, the Multi Objective Bat algorithm and PSO is described. 

The Hybridized Bat is given in Section IV. Finally, the 

simulation results and a comparative analysis are presented 

in Section VI. 

II. NETWORK MODEL AND PROBLEM DEFINITION 

A. Network Model: 

1) All bats uses sound to sense distance, to find the 

difference between food and prey. 

2) Bats fly randomly with velocity vi at position xi with 

a fixed frequency fmin, varying wavelength and 

sound amplitude A0 to search for its food. They can 

automatically adjust the wavelength 𝜆 (or frequency) 

of their emitted pulses and adjust the rate of pulse 

emission r 2 [0, 1], depending on the nearness of their 

target. 

3) Although the sound amplitude can vary in many path, 

it is assumed that the sound amplitude varies from a 

large (positive) A0 to a minimum constant value 

Amin 

1) Problem Definition: 

The problem in the multi objective bat algorithm finds 

optimal solution in long iterations which in turn increases 

the time complexity. 

B. Hidden Cell: 

In traditional MLB, source eNBs exchange load information 

with their adjacent eNBs using an X2 interface. A specific 

cell just knows the load state about its neighbor eNBs [16]. 

Therefore, the hidden-cell problem arises. Given a specific 

cell i, the cells that are two hops away are its potential 

hidden cells. 

The detailed effects and description of the hidden-

cell phenomenon are shown in Fig. 1, where we concentrate 

on the hidden-cell phenomenon within the two overloaded 

cells termed cells 6 and 11. Cell 7 will be first involved in 

the game circle of cell 6. At the same time, it may also be 

one component for cell 11’s circle, so that if certain UE 

devices of cell 6 are offloaded to cell 7 while certain UE 

devices from cell 11 are also offloaded to cell 7, then cell 7 

will become the new overloaded cell. 

This phenomenon happens due to the hidden-cell 

phenomenon, where cells 6 and 11 are the mutual hidden 

cells with respect to cell 7 since there is no direct interaction 

between eNB2 and eNB4. If cell 6 knows the load 

information about cell 11 in advance, then cell 6 may reduce 

the expectation of its own MLB by offloading less traffic to 

its target cell (e.g., cell 4). In our load-balancing scheme, the 

hidden-cell problem is solved, which will be discussed as 

follows. 

C. Parameters of Bat Algorithm: 

Initialization of the bat population is performed randomly. 

Generating the new solutions is performed by moving 

virtual bats according the following equations: 
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Initialization of the bat population is performed 

randomly. Generating the new solutions is performed by 

moving virtual bats according the following equations: 

 ( )          
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Where is the scaling factor, and   the sound amplitude. 

The local search is started with the nearness depending on 

the pulse rate. 

III. PROPOSED APPROACH OF HYBRIDIZED BAT ALGORITHM 

The hybridized bat  algorithm deals with  multi objective bat 

algorithm and pso algorithm. 

A. Multi Objective Bat Algorithm: 

In the multi objective BAT algorithm system, an innovative 

technique is introduced which is called multi objective bat 

algorithm for combines a priori expert knowledge with 

Multi-Objective BAT algorithm, which allows to 

considerable reduce the search space and the computational 

time required for designing the MLB SON controller. After 

that, the dynamicity of the optimization phase is labelled. In 

the remaining work, the controller is pushed into the base 

stations to implement the MLB SON.  

The method is applied to dynamically adapt 

Handover Margin parameters of a large scale LTE network 

in order to balance traffic of the network eNodeBs. In this 

algorithm bat behaviour is captured into fitness function of 

problem can resolved as It consists of the following 

components: 

 Initialization  

 Generation of new solutions  

 Local search 

 Generation of a new solution by flying randomized 

distribution 

 Find the current best solution. 

B. PSO Algorithm: 
 
In PSO, each particle (distortion types) flies in the search 

space with a velocity adjusted by its own flying memory and 

its companion’s flying experience. Each particle (distortion 

types) has its objective function value which is decided by a 

fitness function. The PSO process stops once the termination 

criteria have been satisfied. 

C. Hand Over Optimized Parameters: 

Expert knowledge refers to a priori knowledge on the 

optimization problem. It gives rough information (or 

tendency) on the type of parameter modify that will improve 

the system performance in different states of the system. 

Expert knowledge can be used to guide the 

optimization process and to reduce the processing time. It is 

to be a type given in the form of a set of constraints that 

relates qualitatively the system state to the parameter x. 

The system state is defined by a vector u u,L,um 
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r 1 of system indicators such as eNB load or 

interference, and  often does not give direct information on 

the user perceived QoS. 

As an example, assume that HM(1,2) depends on 

the load of station 1, 1i, and that of its neighbor 2, L2. 

Denote 

       HM0 the planning (or default) value used in the 

network planning process. Then the expert knowledge can 

be given in the form of the following four rules: 

1) If L1 is Low and L2  is Low then set HM1,2to HM0 

2) If L1 is High and L2 is High then set HM1,2to HM0 

3) If L1 is Low and L2 is High then set HM1, 2to high 

value 

4) If L1 is High and L2 is Low then set HM1, 2to low 

value 

 Rules (i) and (ii) prevent unnecessary handovers 

(Ping-Pong effects). 

 Rule (iii) aims at helping the loaded eNB j by 

delaying handovers from eNB i. 

 Rule (iv) aims at alleviating the loaded eNB i by 

advancing handovers towards eNB j. 

IV. HYBRIDIZED BAT ALGORITHM 

This idea is based on replacing the weaker individuals 

according to fitness evaluation of one algorithm with 

stronger individuals from other algorithm in parallel 

processing for swarm intelligent algorithms. The proposed 

system has five steps. There are initialization, Evaluation, 

Update, Communication Strategy and termination. 

The communicating strategy provides the information flow 

for the particles in PSO to communicate with the bats in BA. 

It gives the advantages Less time to find the best solution, 

reduce search space and highly efficient. some  steps to be 

followed are. 

 Step1: Generate populations (pulse frequency, 

pulse rate and loudness) for both   PSO and BA. 

 Step 2: Each population is initialized by BA or by 

PSO independently. 

 Step 3: Evaluate the value   (   
 

 
 ) ,    (   

 

 
) for 

both PSO and BA in each population.  

 The evolvement of the populations is executed 

independently by both PSO and BA.  

 Step 4: In every iteration, the new solutions are 

generated by adjusting frequency and update the 

velocity and position. 

 Step 5: If Update the velocity and the positions of 

PSO using equation  

Calculate particle velocity: 

v[t+1] = v[t] + c1 * rand ( 1) * (pbest[t] - present[t]) + c2 * 

rand(2) * (gbest[t] - present[t]) 

Update the particle position  
Present [ t+1] = present[ t] + v[t+1] 

 Step 6: Update the location and velocity of Bat in 

the best fitness value, which are found by the bat 

using equations 
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Fig. 1: Data Flow Diagram 

 Step 7: A random walk with direct exploitation is 

used for local search that modifies the current best 

solution according to equation: 

 ( )          
( )(  (   )   )  

 Step 8: Communication Strategy: Migrate the best 

artificial bats among all the individuals of BA’s 

population, copy k bats with the top k fitness in    

replace the poorer particles in    of PSO’s 

population and update for each population every 

R1 iterations and contrast is also done. 

 Step 9: Repeat step 3 to step 9 until the predefined 

value of the function is achieved or the maximum 

number of iterations has been reached. 

Record the best value of the function f (   ) and the 

best particle position among all the particles    Record the 

best value of the function f(   ) and the best location among 

all the bats   . 

A. Performance Evaluation: 

The method combines a priori expert knowledge with Multi-

Objective Particle Swarm Optimization (MO-PSO), which 

allows to considerable reduce the search  space and the 

computational time required for designing the MLB SON 

controller. 
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It gives rough information (or tendency) on the 

type of parameter modification that will improve the system 

performance in different states of the system. Expert 

knowledge can be used to guide the optimization process 

and to reduce the search space. In the general case, the 

parameter x is a function of the vector  

The loop gets carried out by the optimization 

process. At every iteration, the particles evolve using the 

following update equation applied to each dimension d of 

the particle: 

Where rand denotes the random function. It has 

been shown that e1 and emax can be derived analytically 

from a single parameter . 

Through the equation (3) the throughput of the 

nodes are calculated and updated. The network   throughput 

and the access probability defined as the ratio between the 

numbers of successful network access attempts to the total 

number network access attempts.  

V. SIMULATION RESULTS 

 
Fig. 2: System Through put of HBA comparing Three 

parameters 

Fig 6.1 the statistical results of sys-tem throughput with the 

user arrival rate. The average through-put of the system is 

gradually improved as the number of iterations gets 

decreased and the optimal solution is produced in very short 

time .We can see that the system throughput of the three 

parameters. The proposed HBA algorithm achieves a 

slightly higher throughput than the other two cases. When 

the user is not uniformly distributed, the gain of the HBA 

algorithm is relatively close to the MOBA algorithm, which 

is due to the fact that the average blocking rate of both 

algorithms is closer to each other. 

VI. CONCLUSION AND FUTURE WORK 

To handle the Ping-Pong and slow-convergence problems of 

the conventional MLB, in this paper, we have presented a 

Hand over optimization to the LTE SON LB problem. The 

proposed HBA carries out the LB action from the 

perspective of the multi cell region, which means that the 

participant of  the LB process are increased from a pair of 

cells to a whole region of cells.  

A. Future Work: 

Simulation results show that HBA dramatically reduces the 

average blocking probability and the number of unsatisfied 

users of the system while the cell throughput is guaranteed. 
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