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ABSTRACT  

To extend the coverage and capacity of Heterogeneous Networks (HetNets), femtocells (HeNodeBs) has been 

impressive to deploy in in-house or apartment. Owing to co-channel spectrum involvement these HeNodeB sources Co-

Tier interference (CTI) with neighbor HeNodeBs and users of HeNodeB (HUE) in orthogonal frequency division 

multiplexing Access (OFDMA). As a result, CTI is occurred which causes of system throughput degradation. This paper 

investigates the OFDMA subcarrier allocation techniques and algorithms. A Genetic Algorithm based Subcarrier 

Allocation (GA-SA) framework is evaluated to enhanced throughput of HeNodeB and HUE.  The enhancement of the 

system throughput and Signal to Interference Noise Ratio (SINR) is analyzed to mitigate CTI. The system level simulation 

is considered to evaluate the performance of the framework. The results show that the throughput is enhanced for HUE and 

HeNodeB, which can mitigate the CTI in OFDMA.  
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INTRODUCTION  

Due to extreme demand of recent mobile 

communication and extending coverage on wireless 

cellular communication HetNet [1-3] has been introduced 

through deploying HeNodeB in indoor. The goal behind 

the implementation of HetNet involves incrementing the 

capacity, modifying spectrum use, lowering the capital 

and operating costs, as well as offering steady user-based 

experience of network architecture. In figure 1 the 

architecture of HetNet with the deployment of HeNodeB 

is illustrated. Afterward, it has been standardized by Third 

Generation Partnership Project-Long Term Evolution 

Advanced (3GPP-LTE-A) [4-6]. However, in an 

investigation for interference issues in LTE-A HetNet has 

found that the random HeNodeB deployments on HetNet 

raises CTI interferences which consequences the 

degradation overall performance [3], [7]. 
 

 
 

Figure-1. Structural design of HetNet. 

In HetNet. HeNodeB with macro-eNodeB are 

facing CTI. The CTI is occurred concerning the 

HeNodeBs [7]. In the shared channel environment of the 

HeNodeB and macrocell, the overall performance can be 

embarked by allocating channels and powers levels in a 

cooperative manner, with the concern of minimizing both 

the interferences as shown in Figure-2. 
 

 
 

Figure-2. CTI scenarios in adjacent HeNodeB. 

 

On one hand, the transmission power of the 

HeNodeB is a function of capacity, but on the other hand, 

increased power results in interferences on other channels, 

which results in reduced throughput. Resource allocation 

has been in many research which includes wireless 

communications. For the subcarrier allocation in OFDMA 

based HetNets, many of the algorithm has been proposed 

namely, ant colony, dynamic programming, greedy 

algorithms, graph theory, game approach.[8-10]. The 

Hungarian algorithm has been proposed to allocate the 

subcarriers in OFDMA [11], which is manly, utilized for 

the centralized approach.  The outage and power ratio 

were considered as the performance metrics.  
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The authors in [12]investigate the self-organizing 

femtocells. They proposed the joint power allocation and 

dynamic resource allocation by exploiting the concepts of 

cognitive radios in femtocells, specifically in the 

decentralized manner. Actually, the authors combine the 

proposed game theory based resource allocation with 

fractional power control. The decentralized interference 

management is proposed in, where game theory is also 

employed in the non-cooperative environment.  In [14], 

the authors proposed GA based centralized resource 

allocation in HeNodeBs, to maximize the throughput. The 

GA based resource allocation had considered to improve 

the system throughput in terms of interference mitigation, 

under the assumption of coordination among HeNodeB 

and macro-eNodeB.  Hence, the resource allocation such 

as subcarrier allocation is one of the way to improve the 

system throughput in HetNet. To mitigate the CTI in 

HetNet, researchers had proposed power control as well as 

resource allocations especially considering HeNodeBs. 

This is to increase the throughput in terms of mitigating 

CTI. The authors [14] had proposed Genetic Algorithm 

(GA) and Particle Swarm (PSO) based resource allocation 

approaches. These approaches has used in order to exploit 

resource allocation issues. Moreover, authors [14] has also 

used heuristic algorithms in a decentralized manner to 

ensure the faster convergence. In consequences, the 

algorithms had designed following the impression of 

niching in the form of decentralization by sharing 

solutions within HeNodeBs. The target solutions are 

updated CTI victim HeNodeBs and HUEs nearby. 

However, in this paper the GA based subcarrier allocation 

algorithm will be focused in order to evaluate the 

performances of throughout, convergence. 

The rest of the paper organizes as: section two 

represents the system model and problem formation, 

section three analyse the results with discussion and the 

paper concludes in section four. 
 

 

SYSTEM MODEL AND PROBLEM FORMATION 
The GA-based subcarrier allocation framework is 

composed for the HetNet especially under laid HeNodeB 

Network. Due to the same channel utilization, CTI 

deteriorated the throughput of HeNodeBs. Therefore, to 

mitigate such type of interference considering the CTI, the 

framework is depicted in Figure-3. In the framework, 

HeNodeBs are connected through internet broadband to 

the operator’s management server. The GA-based 

subcarrier allocation optimization algorithm is performed 

the optimizing task in a decentralized way within the 

neighbor HeNodeBs and with the coordination of neighbor 

HeNodeBs which consequences in ideally allocating the 

subchannels to HUE and allocation of power to HeNodeB 

in LTE-A HetNet. Since, OFDM subchannel and power 

allocation is optimization problem. Following the Figure 

3, the association of the jth HeNodeB and ith HUEs are 

having CTI. Hence, the SINR at HeNodeB can be 

represented in Equation 1. 

 

    (1) 

 

 
 

Applying the Shannon’s capacity law in Equation 
1, we get the capacity in Equation 2. 

 

 
 

Figure-3. GA-based subcarrier allocation framework. 

 

     (2) 

 

So, the optimization problem can be represented 

in Equation 3 

 

    (3) 
 

The channel model is represented in Equation (4). 
 

    (4) 

 

The path-loss model [24 ]is considered as the 

type of links in between HUE and HeNodeB [15]. Taking 

in consideration of CTI in between HUE and HeNodeB 
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When considering the useful/interfering link between the 

path-loss estimation can be expressed in Equation (5) [15]. 
 

    (5) 
 

where the wall penetration in indoor LW is the 

wall penetration loss (in dB), Le is the path-loss exponent 

and d (m) is the distance. This is how to model the LTE-A 

evaluation system. 

 

GA-based subcarrier allocation 

The framework of GA-based subcarrier 

allocation follows the steps as below point-wise: 

1. At the beginning the algorithm generates a group 

of subcarrier allocation program. 

2. Evaluate the fitness of the subcarrier using.  

3. Select the subcarriers and mutate the crossover 

subcarriers. 

4. Check the condition of subcarrier fitness (see 

Equation 3) 

5. Share the subcarriers. 

 

The flowchart of the GA-based subcarrier allocation is 

represented in Figure-4. 
 

 
 

Figure-4. GA-based subcarrier allocation. 

 

In the GA-based algorithm the set of subcarrier is 

observed as a population and the system rate is the fitness 

of each individual. The GA-based algorithm is focused 

with the performance metrics of average objective 

function, min–max throughput of the HeNodeBs, average 

throughput of the HUE.  

 

RESULTS AND DISCUSSIONS 

The simulation is carried out using MATLAB 

based simulator. The simulation parameters are listed in 

Table-1. 

 

Table-1. LTE-A HeNodeB operation specification. 
 

 
 

Considering subcarrier allocation, the result for 

throughput is simulated. The result of objective function 

for GA based subcarrier allocation is shown in Figure-5 

where 500 number of process is iterated.  

 

 
 

Figure-5. Representation of objective function vs number 

of process. 
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Figure-6. The performance of Min-max throughput 
 

 

The average objective function is the key for 

maximization of throughput. It is observed that, by the 

subcarrier allocation the coverage is highly maximized 

which will impact on achieving the throughput. For the 

min-max throughput for HeNodeB subcarrier allocation, 

the Cumulative Distribution Function (CDF with respect 

to achieved throughput) is shown in Figure-6. It is 

noticeably highlighted that the throughput is maximized 

when the impact of the HeNodeBs are less. It is 

highlighted that the throughput is maximized up to 3.4 

Mbps. In Figure-7 shows the average throughput of HUE, 

where the initial average throughput for the HUE can be 

achieved up to 2500 Kbps while 8 channels, also 1800 

Kbps approximately. When the number of HUEs are 

increased, denser and already start to occupy with the 

subcarriers then throughput goes slowly down.  

 

 
 

Figure-7. Average throughput vs. HUE. 

 

CONCLUSIONS 

This paper presented the co-channel deployment 

challenges in OFDMA based Heterogeneous Network. 

Moreover, it also formalize the co-tier interference 

problem model. Finally, paper evaluates the GA based 

subcarrier allocation to mitigate co-tier interference. It can 

be seen from the result analyses that GA can greatly 

improve the convergence and system throughput. 

However, the optimization algorithm can be enhanced in 

multilevel optimization algorithm to achieve the higher 

throughput.  
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