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Abstract  
Due to the increasing complexity of emerging heterogeneous networks, there is a need for robust and 

efficient self-organization scheme at the core of this network. Self-healing describes the ability of 

wireless networks to automatically detect and manage fault, thus, improving network availability and 

reliability. To address this issue, this paper proposes a novel approach to cell outage compensation 

(COC) in self-healing (SH) heterogeneous networks using genetic algorithm (GA). The approach 

utilizes two GA operators, crossover and mutation to tune three cell parameters that includes the 

downlink signal reference power, antenna tilt angle and the uplink power control of the cells 

surrounding the outed cell to compensate for the outage. Result of the simulation shows that the 

proposed algorithm is effective and can adequately compensate for a cell outage in a timely and 

efficient manner. Thus, network operators can adopt the proposed scheme to cater for cell outage 

which is a regular occurrence in cellular networks.  

 

Keywords: Emerging Networks, Genetic Algorithm, Heterogeneous Networks, Macro Cell, Self-
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Introduction 

Cellular networks have evolved over the years to become extremely large and complicated systems, 

making cost of managing such systems huge for network operators. This has led the standardization 

body, 3rd Generation Partnership Project (3GPP) and the Next Generation Mobile Network (NGMN) 

association of operators to find ways of automating the network management process (3GPP TR 

36.902, 2008; Next Generation Mobile Networks Project 2007). The groups proposed a self-

organizing network framework to mitigate the effect of frequent faults that was a major issue with the 

large and complicated network. The technique of self-healing was developed and it covers the use 

cases of self-recovery of network equipment software, self-healing of board faults, cell outage 

detection, cell outage recovery, cell outage compensation and return from cell outage compensation 

(3GPP TR 36.902, 2008; Next Generation Mobile Networks Project, 2007; 3GPP S5-090009, 2009).  

In wireless communications, heterogeneous network is a network topology that comprises of 

macrocells, picocells, and/or femtocells offering radio access services in an environment ranging from 

open outdoor, office buildings, homes, and underground areas. Over the last decade, due to consistent 

effort from researchers and various groups, the heterogeneous network has evolved to provide 

significantly higher data transmission rates at lower latency and signaling overhead. Apart from these 

seeming benefits, the ability to automate network operation, administration, and management (self-

organization) has made heterogeneous networks more useful and appealing to network operators. 

However, the emerging heterogeneous network of the future is one that requires a high degree of self-
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organization that is currently beyond the capability of today‟s network (Selim, Ahmed, Elsayed, Abd-

El-Atty, and Alnuem, 2016). Due to the increasing complexity of emerging heterogeneous networks, 

self-organization becomes more necessary to improve the automation of network operations and 

utilize network resources efficiently. It acts in three main areas namely self-configuration, self-

optimization and self-healing (Sartori, Sanneck, Goerge, Hämäläinen and Wacker, 2012). Self-healing 

describes the ability of wireless networks to automatically detect and manage fault, thus, improving 

network availability and reliability (Asghar, Nieminen, Hämäläinen, Ristaniemi, Imran and 

Hämäläinen, 2017).  

 

„Heterogeneous network‟ is a term usually used broadly to describe the network of the future - 5G and 

beyond – and is expected to cater for all human communication needs including Internet of Things.) 

Several methods have been proposed by researchers to tackle the challenge of self-healing in 

emerging heterogeneous networks. In this paper, we propose a genetic algorithm based solution for 

cell outage compensation in such networks.  

 

Amirijoo, Jorguseski, Litjens and Nascimento (2011) identified and analyzed the effectiveness of 

some control parameters in reducing the adverse effects of cell outages. The parameters evaluated 

include downlink reference signal power, tilt angle of the antenna, scheduling parameters and the 

uplink received power level   . The result of the study revealed that the tilt angle and    were the 

most effective in restoring coverage, while    was discovered to be the most effective in restoring 

user throughput performance. Amirijoo, Jorguseski, Litjens and Schmelz (2011) also proposed a 

concrete outage compensation algorithm and evaluated its performance in various scenarios. The 

result of the work revealed that the proposed algorithm could recover a major percentage of the users 

at the cost of a reduced quality in the compensating cells. This current work differs from that of these 

authors in two main respects. Both works leverage on the same three parameters (downlink reference 

signal power (DRSP), the antenna tilt angle and uplink power control) for the attainment of cell 

outage compensation. However, the compensation in this work was achieved using genetic algorithm, 

which is different from that of the other work. Secondly, the algorithm used in this work, tuned the 

three parameters simultaneously when compensating for cell outage, unlike in the other work that 

used different algorithms for the three parameters.  

 

In another work, Fan and Tian (2015) proposed a coalition game based resource allocation algorithm 

(CG-CRA) that enables self-healing and mitigates cell outage in small cell networks. To achieve this, 

the small cells play coalition games that form a set of coalitions which determines the sub-channels 

allocation. Evaluation of the algorithm revealed the proposed algorithm can effectively solve network 

failure problem by serving all users fairly and managing network resources efficiently. 

 

However, due to the immense capabilities of artificial intelligence (AI) and its ability to tackle 

complex problems with ease (Zhang, Long, Wang and Dressler, 2014), several techniques have been 

explored by researchers for use in the design and optimization of HetNets (Wang, Li and Leung, 

2015). These techniques include artificial neural network, swarm intelligence, machine learning and 

so on. Moysen and Giupponi, (2014) proposed an automatic self-organized Reinforcement Learning 

(RL) based approach for Cell Outage Compensation (COC). Their proposal requires the 

implementation of a COC module in a distributed manner in the eNodeBs. The eNodeB provides a 

radio access node for LTE User Equipment (UEs) connecting to LTE networks. The module 

intervenes whenever a fault is detected by adjusting the downlink transmission power level of the 

eNodeBs surrounding the outage zone automatically and also by finding the optimal antenna tilt 

value. The work reported on in this paper aims to leverage on the efficiency of artificial intelligence in 

tackling complex challenge by using genetic algorithm to mitigate the problem of cell outage in 

emerging heterogeneous networks.  

 

Cell Outage Compensation (COC) Theory 

The aim of cell outage compensation (COC) is to reduce the adverse effect of cell outage on network 

performance via compensation techniques (Amirijoo, Jorguseski, Kurner, Litjens, Neuland, Schmelz, 

and Turke, 2009). This can be achieved by automatically adjusting network parameters in cells 
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surrounding the outed cell. From a survey of literature presented above (i.e. Amirijoo, Jorguseski, 

Litjens and Nascimento, 2011; Amirijoo, Jorguseski, Litjens and Schmelz, 2011;, Fan and Tian, 2015; 

Zhang, Long, Wang and Dressler, 2014), the parameters that determines the effectiveness of the 

compensation technique are the downlink reference signal power (DRSP), the antenna tilt angle and 

uplink power control. The downlink reference signal (DRS) is used for channel estimation and data 

demodulation purposes (Si, Zheng, Ren and Wu, 2012). It exists only at the PHY layer and delivers 

the reference point for the downlink power. There are three types of DRS i) Cell-specific RS ii) 

Multicast Broadcast Single Frequency Network (MBSFN) RS and iii) UE-specific RS (Zhang, Zhou, 

Zhu and Qi, 2010).. The DRSP is cell-specific, and is in the range of -60 to +50 dBm per 15 kHz 

(3GPP TS 36.211 V8.9.0, 2009). 

 

The impact of the antenna tilt on the performance of network system has been evaluated in Athley and 

Johansson, 2010). Result from the work revealed that antenna tilt is one of the most important antenna 

parameters that determine cell coverage. Up tilting extends the footprint further away from the 

eNodeB which can be used for extending coverage to the outed cell (Amirijoo, Jorguseski, Kurner, 

Litjens, Neuland, Schmelz, and Turke, 2009). Tilting can be achieved via three methods i) mechanical 

ii) electrical, or iii) a combination of the two. Mechanical tilting is done through the manual rotation 

of the antenna which requires site visit while electrical tilting can be remotely carried out by simply 

changing the phase of the antenna excitation (Seifi, Coldrey, Matthaiou, and Viberg, 2012). Based on 

the 3GPP antenna pattern model, Seifi, Coldrey, Matthaiou, and Viberg (2012) defined an antenna 

coordinate system with Cartesian coordinates (x, y, z) 
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Where 

o    is the electrical tilt which is positive when down tilting and negative when up tilting 

o   (−180◦ ≤    < 180◦) denotes the azimuth angle  

o θ (−90◦ ≤ θ ≤ 90◦) is the elevation angle relative to the xy plane 

o θ = 90◦ denoting upwards.,  

o      =  0   and           
o       = 25 dB and        = 20 dB are the side lobe levels for the respective patterns.  

 

One of the parameters in the uplink power control that is suitable for cell outage compensation is the 

uplink power level for PUSCH transmission which derives its power level from a target received 

power density    per Physical Resource Block, PRB. In Amirijoo, Jorguseski, Litjens and Nascimento 

(2011), it was observed that whenever    was decreased, a lower power level for PUSCH 

transmissions was observed which resulted in a lower uplink inter-cell interference levels and an 

extended uplink coverage. However, the extended uplink coverage was achieved at a cost of 

decreased per-user throughputs. 

 

Proposed Genetic Algorithm based Solution 

Genetic algorithms are widely known and accepted as a tool for solving complex problems. GA is a 

general-purpose optimization tool that simulates processes in natural system necessary for evolution. 

It uses population based approach which represents solution to a problem using population of strings. 

The encoded string (chromosome) is characterized by a fitness function that evaluates how close or 

optimal the chromosome is to the solution. The chromosomes are then used to iteratively create new 

populations from the old based on some crossover, mutation and selection criteria. 

 

Encoding Scheme 

When a cell outage occurs and has been detected, compensation is carried out at the surrounding cells 

by channeling their resources toward the cell experiencing the outage. The control parameters at these 
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cells that accomplish this compensation are those that would be encoded as chromosomes in the 

genetic algorithm. They include reference signal power, an optimum tilt angle of the radio antenna 

and the uplink power control value. Gray codes are known to have good hamming distance properties 

that make them suitable for use in genetic algorithms, thus Value encoding scheme using Gray code 

sequence of number change would be used to encode the set of chromosomes. 

 
    Chromosome Representation 

[                          ] 
 
 
Reference Signal Power  Antenna Tilt Angle     Uplink Power Control 
 

         Fig. 1: 26 bit chromosome representation using Gray code sequence 

 

Chromosome population is generated using recommended range of values according to the operator 

policy. The range of values to be represented determines the number of bits to be used in the 

representation. 8 bits can be used to represent a wide range of -128 db to 128 db of reference signal 

power (Fig. 2a).  

 

In the design, a mapper function is used to map the values to their corresponding Gray equivalent. It is 

however worthy of mention that the representation of values is not done using their direct Gray 

values. In this work, only the Gray sequence of number change is adopted. A 10-bit value is used to 

encode the antenna‟s tilt angle. This means it has 1,024 unique states and a granularity of 0.35 

degrees. Fig. 2b shows the Gray code sequence of the angles within the range of 0 to 358.4. In Fig. 2c, 

the uplink power control is encoded using 8 bits, which presents a possible unique 256 states or values 

of this parameter. More bits can be used if more states are needed. 
 

                

               

                                   
               

                

             Fig. 2a: Reference Signal Power 

 

             

             

                                   
              

              

Fig. 2c: Uplink power control 

 

            

              
                                   

              

              

Fig. 2b: Antenna tilt angle 

 

 

Fitness function 

The fitness function is used to evaluate how optimal a chromosome is, in achieving the set aim of the 

algorithm. In this work, two parameters are used to evaluate the fitness of each chromosome to 

adequately compensate for the cell outage. They include signal interference noise ratio (SINR) and 

uplink/downlink user throughput. At the end of each iteration, the fitness for each chromosome in the 

population is evaluated and the fitness ranked. After this, the chromosome with the best fitness value 

is selected. 

 
                     ≥                   (3) 

 

                               ≥                          (4) 
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Crossover 

A crossover is usually applied in GA to create a better chromosome. In this work, we applied 

a special type of uniform crossover that exchanges bits in the three parameters encoded in the 

chromosome. The bit exchange is done in a way that ensures the operator policy is not 

violated. 

 
      Crossover point A  Crossover point B      Crossover point C 

[                        ] 
[                        ] 

 

 

                                       Fig. 3: Crossover points for the parameters 

 
Mutation 

For mutation to take place in value encoding, a number is added to the value encoded in the 

chromosome. In this work, mutation only takes place after five (5) successive iterations 

without an optimal solution. A number is added to the three parameters in the chromosome. 

 

     

 
Mutation point 

[    
 
 
 

        
 
 
 

        
 
 
 

   ] 

 

                              Fig. 4: Mutation points for the parameters 
 
 

Pseudocode 

 

Begin GA; 

t=0;  

begin  

fitness = [min SINR or any other value as assigned by the operator policy]  

Cell outage = [0, 1, 2, … N] //Value is assigned by a cell outage detection algorithm 

While (cell outage > 0) //Cell outage has been detected on a cell { 

Identify three surrounding cells that would participate in the compensation. 

foreach (three cell) //loop through the three selected cells 

initial_config = current_config = configuration of the cell currently in 

the loop  

Conf = (C1, C2  ... C5) //Generate 5 possible configurations that would 

be applied on the cell 

Iteration = 0 // initialize iteration counter 

While (current_config == initial_config) { 

Conf_b = {C1_b, C2_b, C3_b, C4_b, C5_b} //Use Gray encoding to 

represent the configurations 

If (Iteration > 0) // prevent crossover on the initial 5 generated 

configurations 

If (Iteration > 5) //mutation is needed 

Carry out mutation on Conf_b and convert back to 

conf 

Else Carry out crossover on Conf_b and convert back to conf 

Endif 

foreach(conf) // loop through conf 

Apply conf 
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Value = fitness (conf) //evaluate fitness of each configuration  

If (Value ≥ fitness)  

Endforeach // select configuration 

Else revert to the initial configuration 

End foreach 

Iteration++ } //increment the iteration counter  

   End foreach 

End while 

End GA 

 

Performance Evaluation 

To evaluate the performance of the proposed algorithm, we use the NS3 simulator. First, we develop 

the algorithm. Two (2) networks comprising of seven (7) tri-sectored macro eNodeBs (i.e. 21 macro-

cells) deployed in hexagonal layout with 500 m inter-site distance was also setup. Each cell in the 

network had five (5) UEs attached to it. The UEs are all involved in file transfer protocol based 

communication with a remote client. The bandwidth of the network is 5 MHz.. The eNodeBs and UEs 

are configured with a transmit power Tx of 46 dBm and 10 dBm respectively. 

  

A cell outage is induced in a cell at the center of the network. It is assumed that an outage detection 

procedure is in place which promptly detects the outage (a prompt cell outage detection procedure is 

suggested for future research work). The SON controller then initiates the GA based compensation 

procedure. Promptly, the proposed algorithm generates five (5) test configurations that would be 

applied to three (3) of the surrounding cells. The configuration is generated based on the present 

parameters of each cell as detected by the algorithm. The fitness of each configuration is then 

evaluated and ranked. A crossover operation is performed if no optimal configuration is found. A 

mutation process is carried out if no optimal chromosome is obtained after five (5) successive 

iterations. 

 

The topology of the network is shown in fig. 6 and 7. The network in fig. 7 was setup to determine the 

performance of the algorithm at the edge of a network. The two key performance indicators (KPIs) 

used in evaluating the fitness of each generated configuration are Signal to Interference plus Noise 

Ratio (SINR) and UE throughput. The channel model includes path loss, log-normal shadowing and 

frequency selective fast fading. The log-normal shadowing samples are spatially correlated using a 

negative exponential function. 

 
Fig. 5a: Network Topology  

 
Fig. 5b: Network Topology (Network Edge) 

Results and Discussion 

In the absence of noise, the SINR reduces to the signal-to-interference ratio (SIR). SINR is used by 

operators to quantify the relationship between RF conditions and Throughput. UEs use SINR to 

calculate the CQI (Channel Quality Indicator) they report to the network. 

 

Two simulations are carried out. The first simulation was carried out using the proposed cell outage 

compensation algorithm while the second one was carried using no algorithm. For the two 

simulations, the average SINR at the cell was measured at time -500 ms < t < 500 ms, where t is the 

time in which the outage occurred.  
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Result from Fig. 6 revealed that at a time before the cell outage, the cell had an average SINR of 25dB 

while result from Fig. 7 revealed an average SINR of 30 dB. The same pattern was observed when no 

algorithm was in place in both Fig. 6 and 7. The increase in the average SINR at the network edge in 

Fig. 7 is due to a reduced interference from the surrounding network when compared to the cell at the 

center of the network. It can be seen that when the algorithm was in place, the negative effect of the 

cell outage was successfully mitigated in both scenarios (center and edge of network) causing the cell 

to be restored to an operating state, though not the optimal. The average SINR was restored to a peak 

value of 15 dB within a time frame of 500 ms. For the case when no COC was used, it was observed 

that the average SINR decreased over the period measured after the cell outage was initiated. Thus, it 

can be deduced from the result obtained that the proposed algorithm is an effective in mitigating the 

effect of cell outage in a network. 

 

Fig. 8 and 9 reveals the effect on the throughput of the cells surrounding the outed cell. Before the 

outage at the center and edge of the network, the UE had an average throughput of 3.8 Mb/s and 4.0 

Mb/s respectively in both scenarios. However, after the outage, the throughput in both cases dropped 

to 2.6 Mb/s and 3.1 Mb/s respectively due to a corresponding increase in the number of UEs 

contending for the limited bandwidth of the network. Depending on the operator policy in place, the 

reduced throughput might be considered as an acceptable cost for the increased coverage. 

Fig. 6: Average SINR Measurement for the UEs at the outed cell 

 

Table 1: Simulation Parameters 

Parameter  Assumptions Description 

Simulation Time 20 seconds 20 seconds simulation time 

nMacroEnbSites 7 Number of eNodeBs 

interSiteDistance 500m Distance between adjacent eNodeBs 

eNodeBTxPower 46dBm Transmit power for the eNodeB 

nUEs 35  Number of UEs 

UeTxPower 10dBm Transmit power for the UE 

Vertical angle tilt θ -90
o
 ≤ θ ≤ 90

o
 Vertical tilt angles of the antenna 

Horizontal angle tilt φ -180
o
 ≤ φ ≤ 180

o
 Horizontal tilt angles of the antenna 

Antenna Model 
ParabolicAntennaModel 

CosineAntennaModel 
The antenna radiation pattern  

UE mobility    

EPC  1 Enable EPC mode 

ns3::LteHelper::Handover

Algorithm 

ns3::A3RsrpHandoverAlgorithm, 
 

The handover algorithms that were 

used in the simulation.  

ns3::LteHelper::Schedul

er 
ns3::PfFfMacScheduler Proportional Fair scheduler 
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Fig, 7: Average SINR Measurement for the UEs at the outed cell (Network Edge) 

 

 

Fig. 8: Average throughput measurement for the UEs at the cells surrounding the outed cell 
 

 

 
Fig. 9: Average throughput measurement for the UEs at the cells surrounding the outed cell (Network 

Edge) 
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Conclusion 

In this work, we have proposed an algorithm for mitigating the effect of cell outage in emerging 

heterogeneous networks. The paper uses genetic algorithm to compensate for outage in a cellular 

network by tuning three parameters which includes the downlink signal reference power, antenna tilt 

angle and the uplink power control of the cells surrounding the outed cell. The work proposed the use 

of genetic algorithm to carry out the tuning. The algorithm was then validated using the NS3 

simulator. The result of the simulation shows that the algorithm is effective and can adequately 

compensate for a cell outage using the resources of the surrounding cell. In comparison with the work 

of Moysen and Giupponi (2014) that achieved the compensation goal after a time of 800ms, this work 

achieved the same goal within a time frame of 500ms. Also that work provided service for 98% of 

users in the outed cell while this work could provide service for all users in the cell. A cell outage 

detection algorithm when implemented with this algorithm makes it more robust. It is thus suggested 

that other researchers can develop a cell outage detection scheme that can be implemented along with 

this algorithm. 
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