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 In cellular system, Fractional Frequency Reuse (FFR) is partition each cell into two 

regions which are the cell center region and cell edge region. The dissimilar frequency 
band is owed to each region in cell. The FFR method may reduce channel interference 

and achieve large system capacity and hence increases the throughput. Long Term 
Evolution (LTE) has developed a femtocell for indoor coverage extension. However, 

the development of femtocell in macrocell area will having interference problem and it 

ought to be answered in move ahead. This paper proposes an interference management 
scheme in the LTE femtocell systems using FFR proposed method. In detail, the 

proposed method is the FFR of six sectors and it selects the optimal size of the fraction 

center radius as well as the system bandwidth fraction. Simulation results show that the 
proposed method improve the average throughputs in overall network.   
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INTRODUCTION 

   

In current years, mobile broadband data traffic has witnessed enormous annual development rates [1-2] from 

Second Generation (2G), Third Generation (3G) and now Fourth Generation (4G) with more advanced features. 

The Long Term Evolution (LTE) is based on Orthogonal Frequency Division Multiple Access (OFDMA) in order 

towards reach the higher data rates as well as to enhance the spectral efficiency. The significant of nowadays 

problem is the inadequate of radio spectrum. So that one competent way of spectrum resource consumption is 

applying the Fractional Frequency Reuse (FFR). The frequency and time resources are allocated to users in 

orthogonal manner. However, the Co-Channel Interference (CCI) problem will occurs if the same sub-carriers are 

used by different users among adjacent cells particularly for cell edge users. Proper inter-cell interference 

coordination technique should be essential to boost the system capacity and system throughput [3-5]. 

Recently, LTE has developed a femtocell for indoor coverage extension. The femtocell becomes popular as 

a new emergence cellular revolution nowadays. Basically, femtocell are based on Access Point Base Station and 

it is called as Home Node B (HNB) or in other term as Home eNode B (HeNB) [6]. Fig.1 shows the concept of 

femtocell networks where underlay in the macrocell network that used in this research work. This underlay 

concept so called heterogeneous networks that is consisting of macrocell and Low Power Nodes (LPNs). The 

LPNs has three features that make it easy and further flexible to deploy such as the LPNs are smaller in size, 

cost less and have a lower transmission power. The types of LPNs that has deployed in heterogeneous network 

are Picocell, Femtocell and Relay Station [7]. 
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Fig. 1: The Femtocell Deployment in Heterogeneous Network 

 

The rest of this paper is structured as follows. The next section presents an overview of the related works. 

After that, the system model of the radio resource partitioning for macrocell and femtocell networks by using 

FFR method will be introduced. The performance evaluations in the next section are carried out to analyzed the 

performance of the throughput for both macrocell and femtocell networks. Finally, conclusions are drawn in last 

section. 

 

Related Work: 

Interference management issues for the femtocell systems have been aggressively discussed in the LTE 

network nowadays. Numerous studies have attempted to explain and investigate the interference coordination in 

a network by adopted the FFR. The authors of [8] studied the different frequency reuse schemes in OFDMA 

network such as the LTE in order to prevail over the CCI problem. The total frequency band is separated into 

several sub-bands and each cell is allocated with the dissimilar sub-band as the way to lessen the interferences. 

However, the authors have presented expressions of SINR as well as cell data rate for integer frequency reuse 

(IFR), FFR and two level power control (TLPC) schemes where is offered an analytical approach based on the 

fluid model. The conclusion of this authors work is intra-cell interference is removed and the inter-cell 

interference is significantly reduced. The author of [9], proposed the fractional frequency reuse as well as pilot 

sensing scheme in order to lessen the CCI. The femtocells use the remaining frequency sub-bands following 

applying the frequency reuse of 3 or above to the macrocells. However, in the authors work, the overall capacity 

is improved when the macrocell throughput is reduced.  

In [10], a method for optimal FFR scheme selection based on the mean user throughput or user satisfaction 

is proposed. This lesson is shown in a cellular network that does not bring the presence of femtocells. In [11], 

the author investigated inter-cell coordination for interference mitigation in multi- tier wireless network. The 

objective of this research is to investigate the difficulty of reasonable radio resource partitioning among the cell 

edge as well as cell center regions for the downlink of a SISO-OFDMA cellular system. The fractional 

frequency reuses (FFR) where tunes the values of α and β to achieve fairness is adopted. The finding shows that 

the mathematical relationship among network resources partitioning parameters can reduces the throughput 

margin among cell edge also cell center with 3 sectorizations.  

A study on resource allocation with partitioning criterion for macro-femto overlay cellular networks with 

fractional frequency reuse is done by author [12]. In [12], a novel time-frequency resource allocation method by 

fractional frequency reuse for a macrocell and femtocell network is proposed. This research investigates macro 

and femto with have 19 macrocells but without any sectorizations applied same as in [9]. This research has 

shown that the standard capacity of macrocells and femtocells by changing the partition condition and the time 

resource ratio is determined. However, a weakness in this research work is that the amount of intra-cell 

interference from femtocells is not encompassed in the calculation. In [13], instant channel allocation technique 

is proposed under FFR method in order to improve the system throughput. In this research work, the Physical 

Resource Blocks (PRBs) is allocated to femtocells user throught sectored FFR method to mitigate the 

interference between macrocell and femtocell. However, this research work only adopted three sectored FFR to 

analyze the performance of the implemented scheduling algorithms. In [14], FFR based resource allocation for 

device to device (D2D) is proposed. D2D communication consents two cellular devices to connect with each 

other without a base station, Another research work regarding on D2D communication in cellular networks with 

adopted the FFR method  to mitigate interference is proposed in [15].  However, this research work also adopted 

three sectored of FFR same applied in [14]. 

The FFR is one of the answers to lessen the inter-cell interference in macrocell particularly for the cell edge 

users. Below this circumstance, the interference from the femtocell deployment ought to be lessened for the 

macro users. However, previous studies of [11] have not dealt with hexagonal network model but the author 

only adopted a circle network model to apply in their research work. Inspired by the achievement of C.Y.Oh 

[12], A.S.Afolabi [11] and the shortcoming of the author’s work, the researcher goes further to investigate the 

throughput performance of the user’s macrocell and femtocell. Unlike [11], the research’s work is focuses on 

the radio resource partitioning for macrocell and femtocell networks that is adopted the hexagon network model 

with propose six sectorizations of FFR. This proposes work is the addition and enhancement from [16]. 
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System Model: 

The main objective of this study is to improves the throughput for both macro and femto users. In order to 

accomplish this objective, it needs to lessen the interference with FFR method. The method focuses on the 

analyzing and improving the macrocell throughput and maximizes the femtocell throughput. FFR is one of the 

interference mitigation technique in which divides the spectrum into some sub-band then allocates it to 

dissimilar regions of a cell. Fig. 2 illustrated how the radio resources are partitions for macrocell and femtocell 

networks in this research work. Fig. 2 shows the downlink of an OFDMA based macrocell system and the 

network resources in this work are partitioned based on FFR method with propose of six sectorizations where is 

enhancement and modification from [11]. The system bandwidth is divided into two parts which are the center 

region and the edge region. The yellow color is illustrated as the cell center region and other six colors is the cell 

edge region as shown in Fig. 3. The center region is assigned with sub-band B1 while the other six sub-bands 

B2, B3, B4, B5, B6, B7 are assigned to edge region with six sectored regions. 

 

 
Fig. 2: Cell Structure FFR 
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Fig. 3: The Color Indication for Cell Structure FFR 

 

The researcher allocated the frequency sub-bands into macrocell as well as femtocell as shown in Fig. 4. 

Each one hexagonal cell of radius R is separated into center region (yellow color) and edge region (purple, pink, 

brown, orange, green and blue). One division of the available frequency band is devoted to the cell center users 

with reuse factor of 1, while the rest of the spectrum is correspondingly separated in six sub-bands and assigned 

to the cell edge users with reuse factor of 6. 
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Fig. 4: Frequency Band Division 

 

The work firstly derives a mathematical formulation of network resource partitioning among cell which is 

emphasize the importance of the fraction of radius in center region α and the fraction of the system bandwidth β 

allotted for center region based on FFR method. The radio resource partitioning is analyzed based on two 

analyses which are for macrocell throughput and femtocell throughput. Some of the mathematical formulation 

involved in this research work as follows. Since the work is adopting the hexagonal network model, so that the 

area of the hexagon can be calculated from the following equation: 

 

Area of hexagon =   X 6 = 2.598076211                                                                                             (1) 

 

R = radius of hexagon cell, 

 

                                                                                                                         (2) 

 

µ = macro user density, 

Nm = Number of macro user, 

 

The system bandwidth can be stated as follow [11]: 

 

                                                                                                                                      (3) 

W = the system bandwidth, 

Wu = per user bandwidth, 

 

Next, the system bandwidth can be expressed based on the Shannon’s capacity equation as stated follow: 

 

Wu =                                                                                                                                                (4) 

 

W =                                                                                                               (5) 

 

CINR = carrier to interference plus noise ratio, 

Cu = per user capacity, 

 

Rearranging the equation (5) and the capacity macro for user center region and edge region can be 

calculated from the following equation: 

 

Cmacrocu =                                                                                                (6) 

 

Cmacroeu =                                                                                                  (7) 
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Cfemto = NfW (1+CINRf)                                                                                                              (8) 

 

Cmacrocu = capacity macro for center region user, 

Cmacroeu = capacity macro for edge region user, 

Cfemto = capacity femto, 

β = fraction of the system bandwidth for center region, 

α = fraction of the center region radius, 

Rm = macro radius, 

Nf = number of femto user, 

CINRc = carrier to interference plus noise ratio for center   

                region, 

CINRe = carrier to interference plus noise ratio for edge 

                region, 

CINRf = carrier to interference plus noise ratio for   

               femtocell, 

 

Further, from the equations (6), (7) and (8), the throughput for macro and femto can be calculated as follow: 

 

Tmacro = (Nm) (k) (Bmk)(Cmacrocu+Cmacroeu)                                                                                           (9) 

 

Tfemto = (Nf) (k) (Bfk) (Cfemto)                                                                                                                    (10) 

 

Tmacro = macro throughput, 

Tfemto = femto throughput, 

k = the number of occupied sub-carrier, 

Bmk = the sub-carrier assignment for macrocell, 

Bfk = the sub-carrier assignment for femtocell, 

 

Performance Evaluation: 

A.Software Description: 

The simulation results are carried out by using MATLAB software. Assume that the work has the limitation 

which no multi access channel and no fading for simplicity. Table I referring the several simulation parameters 

that have been used in the simulation part in order to achieved the results shown in the section below.  

 
Table I: The Simulation Parameters [10][11][17][18][19] 

Parameter Setting 

Bandwidth (W) 10MHz 

Macro Radius (Rm ) 1000m 

Femto Radius (Rf) 500m 

Distance between macro user and neighboring macro base station (D)  

1732m 

Number of macrocell user (Nm) 180 

Number of femtocell user (Nf) 180 

Outdoor path loss exponent (α) 4 

Indoor path loss exponent (α’) 6 

Macro Center User Transmit Power (Pmc) 15W 

Macro Edge User Transmit Power (Pme) 22W 

Femto Transmit Power (Pf) 20mW 

Noise Power (No) -174dBm 

Number of occupied sub-carrier (k) 100 

Sub-carrier assignment (Bmk, Bfk) 1 

 

The overall network is composed of two-tier of macrocells and femtocells and the femtocells are randomly 

deployed over the macrocells. The researcher varies the number of macro and femto user to 180 users. All the 

base stations are operated by the OFDMA technology. An Omni-directional antenna and the six sector antennas 

are installed at a macro base station. The transmit power for center and edge region are 15W and 22W 

respectively. While the transmit power for all femto base station is 20mW. 
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B.Analysis Results: 

The Comparison of Macrocell Throughput between FFR 6 and FFR 3 

The objective of this part is to study the comparison of throughput between FFR of 6 sectors and 3 sectors 

due to several values of β. The total throughput for macrocell can be adjusted by controlling β and α. In this 

simulation analysis, as much three values of β varies in order to see the effect of β due to α for average total 

macrocell throughput. The result of total macrocell throughput for 6 sectors and 3 sectors shows in Fig.5 and 

Fig.6 respectively. Table II and Table III show the summary of simulation results for average total macrocell 

throughput 6 sectors and 3 sectors respectively. 

 

 
Fig. 5: Macrocell Throughput for 6 Sectors 

 

 
 

Fig. 6: Macrocell Throughput for 3 Sectors 

 
Table II:  Macrocell Throughput (6 Sectors) 

β Throughput (Gbps) 

α=0.1 α=0.5 α=1 

0.1 70 5 1 

0.5 145 10 2 

0.9 225 15 3 

 
Table II: Macrocell Throughput (3 Sectors) 

β Throughput (Gbps) 

α=0.1 α=0.5 α=1 

0.1 25 5 1 

0.5 120 10 2 

0.9 220 15 3 

 

Fig.5 and Fig.6 shows the macrocell throughput according to α and β. Table II and Table III shows the 

summary of simulation results for total macrocell throughput. The results demonstrated that the FFR of 6 is 

higher than the FFR 3 throughput at α = 0.1. The finding shows that the proposed method which is FFR of 6 is 
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better in interference reducing so that can increases the throughput of cell. Referring to these findings, it shows 

that the higher the values of β assigned, the higher the values of total throughput of users in the network will be. 

While as increasing the value of α in a cell, the value of throughput will be decreases then. It can be concluded 

that the macrocell throughput is improved in higher assigning the β value. This is because with proper 

partitioning bandwidth in cell so then it will make the user balance received resources will reduce the 

interference occurrence and hence increasing the throughput values. From this simulation result that has been 

done, it noticed that the best β to choose to ensure the improvement of throughput is 0.9 as compared others.  

These findings are also supported from the previous author’s study where is our macro throughput is achieved 

improvement compared to that author’s work [20]. 

 

The Comparison of Femtocell Throughput between FFR 6 and FFR 3 

 

 
 

Fig. 7: Result of comparison femtocell throughput between FFR 6 and FFR 3 

 

Fig. 7 shows the comparison of the femtocell throughput between FFR 6 and FFR 3 as the number of α 

varies. The results demonstrated that the throughput for FFR of 6 which is the proposed method is higher than 

the FFR of 3. In propose method, the femto users can obtain the sub-carriers which are unused by macro users at 

every position. So the interference among the macro users also femtocells is significantly avoided and hence 

increases the throughput performance. However, the performance of femtocell throughput is decreasing as 

increasing the values of α. It cause of the probability of using the same sub-carriers by macro user and the femto 

users who are extremely near to each other as α increases. So the interference among the macro and femto user 

is higher and hence reduces the throughput performance.  

 

The Throughput of Macro+Femto Users (Edge) 

 

 
 

Fig. 8: Result of throughput macro + femto users (Edge) 

 

In Fig. 8, it refers to the throughput of total macro and femto users positioned at the edge region individual. 

In the OFDMA cellular network, the performance of the edge region stays reduced due to the inter-cell 

interference. In the proposed method, assigning the additional sub-carriers to femtocells which are positioned in 
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the edge region, the throughput performance of the edge region is better. The finding shows that the throughput 

for the proposed method is higher than the FFR of 3 sectors. The throughput performance is study as the number 

of femtocell user increases. In this analysis, the number of femto users is varying up to 180 users. 

 

The Throughput of Macro+Femto Users (Center) 

 

 
 

Fig. 9: Result of throughput macro + femto users (Center) 

      

 In Fig. 9, it describes the throughput of total macro and femto users located at the center region only. The 

finding shows that the throughput for the proposed method is better and higher than the FFR of 3 sectors. The 

throughput performance is study as the number of femtocell user increases. In this analysis, the number of femto 

users is varying up to 180 users. From these findings, it shows that the throughput for FFR of 6 up to 180 users 

is 475Gbps while for FFR of 3 up to 180 users is 440Gbps.  

 

Conclusion: 

The research in this paper paying attention in the reducing the interference in LTE networks that mixed of 

femtocells as well. We propose an interference coordination method by using FFR. Our technique is based on 

the idea of fractional frequency reuse of 6 sectors in order to reduces interference in network and achieve higher 

throughput performance. The proposed method enhances the throughput performance especially for the cell 

edge users. It is also beneficial for the OFDMA network such as the LTE network where the FFR is applied.  

This research work will be proceeds by looking on the development an algorithm that can offload 

macrocells traffic to femtocells and the inter-cell interferences can be reduces in a network in the future work.  
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