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Abstract
LTE Advanced (LTE-A) technology has been developed by the third generation partner-
ship project in order to facilitate increase in mobile data traffic. In LTE-A network, an effi-
cient resource partitioning scheme is needed to increase the system throughput through the 
mitigation of Inter Cell Interference (ICI). The objective of this research is to enhance the 
sum throughput of macrocell through an proposed Region splitting based Resource Par-
titioning scheme (RRP). In this scheme, the macrocell is partitioned into three regions, 
namely inner, centre and outer. In a cluster of three cells, the availble frequency spectrum is 
divided into four non-overlapping parts, out of which three parts of the spectrum are shared 
by outer and inner region. The remaining part is shared by the centre region. However, the 
overlaid femtocells partially shares the spectrum of macrocell. The performance of the pro-
posed RRP scheme in terms of sum throughput, sub channel utilization and Jains Fairness 
index is analysed for both heuristic and optimal region radii approaches. The region radii 
that result in maximum and optimal sum throughput are analyzed by the proposed RRP 
scheme. Using Monte Carlo simulations, the radii of both inner and centre region are var-
ied and the region radii that result in optimum sum throughput are configured as the opti-
mal radius. The proposed scheme is compared with the traditional Soft Frequency Reuse 
scheme with respect to performance metrics. From the result, it is inferred that the sum 
throughput of macrocell achieves a maximum enhancement of 167.62 and 108.42 % by the 
proposed scheme of heuristic and optimal region radii approaches respectively.
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FFR   Fractional frequency reuse
FRF   Frequency reuse factor
FBS   Femto base station
HetNet   Heterogeneous network
ICI   Inter-cell interference
LTE   Long term evolution
LTE-A   Long term evolution advanced
MBS   Macro base station
MUE   Macro user equipment
OFDMA   Orthogonal frequency division multiple access
QoS   Quality of service
RRP   Region splitting based resource partitioning
SINR   Signal-to-interference -plus-noise ratio
SFR   Soft frequency reuse
3GPP   Third generation partnership project

List of symbols
ΩMU   Sum throughput of macrocell.
M   Macrocell.
F   Femtocell.
m   Set of macrocells.
L   Set of femtocells.
K   Total number of macrocells.
χU   Set of MUEs per cell.
MU   Total number of MUEs per macrocell.
Iz   Inner region.
Cz   Centre region.
Oz   Outer region.
Β   Total amount of spectrum.
βχ,a   Sub-band allocation index.
Φ   Total number of sub channels.
Φmin   Minimum of one sub channel assigned to each region.
ΦI   Amount of sub channels assigned to inner region users.
C   Amount of sub channels to centre region users.
ΦO    Amount of sub channels to outer region users.
χM I   Radius of inner region.
χM C    Radius of centre region.
χMO   Radius of macrocell.
χF   Radius of femtocell.
RI   Ratio of χMI and χM C.
RC   Ratio of χM C and χMO.
χdo   Minimum distance between MUE and eNB.
ηI MU    SINR experienced by inner region users.
ηCMU    SINR experienced by centre region users.
ηOMU    SINR experienced by outer region users.
ψMU    Data rate achieved by MUE.
JIMU    Jains Fairness Index.
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1 Introduction

In the current cellular network scenario, the mobile data traffic is drastically increasing due 
to the proliferation of mobile activities, namely social media usage, voice or video calls, 
mobile chat, and mobile e-commerce etc. [1]. The next generation cellular network aims 
at providing a solution to meet out the above requirements. Some of the key techniques 
recommended for the improvement of system capacity are (i) advancements in network 
architecture (ii) deployment of Heterogeneous Network (HetNet) (iii) convergence of infor-
mation and communication technology.

The Orthogonal Frequency Division Multiple Access (OFDMA) is a multiple access 
technique which is used for downlink transmission in Long term evolution (LTE), LTE-
Advanced (LTE-A) and Fifth Generation (5G) networks [2]. Third Generation Partner-
ship Project (3GPP) has introduced LTE in release 8 [3] to meet the objective of high data 
rate, enhancement in system capacity and coverage, scalable bandwidth and low latency. 
The techniques namely Orthogonal Frequency Division Multiplexing (OFDM), Multiple-
Input Multiple-Output (MIMO) and Coordinated Multi Point communication (CoMP) 
etc. are introduced for achieving the above objectives [4]. In release 9 of 3GPP, HetNet 
concept has been introduced to enhance the coverage and capacity of LTE indoor users 
[5]. However, this imposes various challenges, namely, inter-cell and intra-cell cross-tier 
interference, load balancing, handover, and scheduling [6]. Further, 3GPP has incorporated 
additional features namely enhanced MIMO, Carrier Aggregation (CA) and Relay nodes 
in release 10 to enhance Quality of Service (QoS) of cell edge users [7]. This is referred 
as LTE-A. However these features enforce several challenges, namely, mobility manage-
ment, self-organization, back haul signalling and scheduling. The next generation access 
technology has been introduced in release 14 of 3GPP. It is referred as 5G networks [8]. 
The objectives of this release are (i) Peak data rate: 20Gbps-DL and 10Gbps-UL (ii) Peak 
spectral efficiency: 30 bps/Hz-DL and 15 bps/Hz-UL (iii) User plane latency: 0.5 ms-DL 
and 0.5 ms-UL (iv) Connection density: 1 million devices per sq/km. In order to accom-
plish the above objective, an enhanced radio access technology known as New Radio (NR) 
is introduced in release 15 [9]. The various supporting components added in this technol-
ogy are (i) extension to higher frequency bands (ii) wireless access/backhaul integration 
(iii) machine-to-machine communication and (iv) flexible duplex. To accomplish the above 
objectives, the 5G network will be able to support/operate in both LTE band and NR band 
[10].

In LTE/LTE-A/5G-NR, OFDMA utilizes subcarrier of 15  kHz. The subcarriers are 
grouped into sub channels. Each sub channel consists of 12 subcarriers of 180 kHz band-
width. The User Equipment’s (UE) can occupy different subcarriers at different instances 
of time by the adoption of flexible resource partitioning with reuse mechanisms. This can 
enhance spectral efficiency and multi user diversity gain. Further, it can also reduce Inter 
symbol Interference (ISI) and Intracell interference [11]. The inter-cell interference (ICI) 
can be caused whenever the neighboring cells are operating on the same frequency band. 
This is due to the adoption of frequency reuse mechanism. In such interference limited 
systems, the cell edge users are severely susceptible to this kind of interference. The factors 
influencing ICI are high path loss and strong multiple ICI received from the adjacent cells. 
They can further affect the capacity of the system.

Findings from the literature indicate that, ICI can be considered as one of the major lim-
iting factors that can influence the system performance of LTE/LTE-A/5G-NR [12]. The 
various solutions are addressed in [13] for improving the throughput of cell edge users 
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and enhancing the system performance. The ICI mitigation technique for OFDMA based 
cellular networks is discussed in [14]. It can be classified into three approaches, namely 
Interference randomization (IR), Interference cancellation (IC), and Interference avoidance 
(IA). These techniques are implemented either before transmission or after the reception of 
the signal.

In the first approach, the evolved Node B (eNB) generates randomized interfering sig-
nal to suppress the interference experienced by the UEs connected to it. The techniques 
followed for randomization are cell specific scrambling, interleaving and frequency hop-
ping. The second approach cancels the interference signal at the receiver with the aid of the 
channel state information estimation mechanism. This results in reduction in latency and 
complexity. Hence this approach is highly suitable for Uplink (UL) ICI mitigation. In the 
third approach, static frequency reuse planning schemes are employed for improving the 
Signal-to-interference-plus-noise ratio (SINR). The transmission power of an eNB is oper-
ated within the maximum acceptable limit. In addition, adaptive beam forming is one of 
the solutions for ICI mitigation where the radiation pattern of the antenna can be changed 
dynamically with respect to interference level.

Among the above approaches, IA techniques improve the QoS of cell edge users with-
out sacrificing the cell centre throughput. The research focus is restricted to IA based static 
frequency reuse planning in LTE HetNet to maximize the sum throughput of macrocell. It 
investigates the influence of region radius and sub channel allocation. A Region splitting 
based Resource Partitioning (RRP) scheme by heuristic and optimal region radii approach 
is proposed for achieving the above objective.

The rest of the paper is organized as follows: Section II presents the state-of-the-art 
approach related to the proposed research. Section III presents the system model of the pro-
posed scheme. Section IV presents the outcome of the proposed scheme with simulation 
results. Finally, Section V concludes highlighting the contribution of the work and offers 
suggestions for future work.

2  Literature Survey

In this section various solutions that are provided for mitigating ICI in co channel deploy-
ment of femtocell are discussed. This research is limited to frequency partitioning based 
ICI mitigation techniques. The macrocells are assumed to possess centre excited omni 
directional antenna.

In [15], the authors have developed frequency reuse scheme with three regions in coop-
erative relaying for multi-cell OFDMA Systems. In this scheme, the macrocell is divided 
into centre, middle and edge regions. The total bandwidth is divided into three parts cor-
responding to three regions. The different combination of Frequency Reuse Factor (FRF) 
is applied to these regions in order to reduce Co-Channel Interference (CCI). The combi-
nations are {1, 3, 7/3}, {1, 4, 7/4} and {1, 3, 6}. The inference drawn from the simulation 
result is outage probability, cumulative distribution function and average spectral efficiency 
of the developed scheme performs better than non cooperative scheme.

In [16], the authors have presented the optimal Fractional Frequency Reuse (FFR) 
scheme with dynamic resource allocation strategy. The total throughput and User Satisfac-
tion (US) metrics are calculated as performance metrics. The region radius which results in 
a maximum value of US for both static and moving users is taken as optimal and maximum 
US as reflecting a uniform distribution of resource among the users. This research work 
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is compared with Integer frequency reuse 1 (IFR1) and Integer frequency reuse 3 (IFR3) 
schemes. The inference from the simulation results is that, this work outperforms the exist-
ing ones in terms of total throughput.

In [17], the authors have developed the Optimal Static FFR (OSFFR) scheme. The mac-
rocell coverage is partitioned into the centre and the edge zone with six sectors. The total 
spectrum is divided into seven sub-bands. Among the seven, only one sub-band is used 
by the centre zone MUEs with FR1. The remaining six sub-bands are utilized by the edge 
zone MUEs with FR6. Further, the femtocell partially shares the sub-band of the macrocell 
for carrying out a reduction in inter and intra-cell cross-tier interferences. The complexity 
increases due to the division of more sub-bands and sectors. The metrics, namely outage 
probability, network throughput, and spectral efficiency are considered for the purpose of 
comparison. The conclusion from the result is that the developed scheme outperforms the 
existing ones, namely, strict FFR, soft FFR, and FFR-3. However, it is found that a large 
number of sub-bands are utilized by the femtocells can be seen.

In [18], the authors have analyzed the (i) interference between the macrocell and the 
femtocell and (ii) between femtocells using the power control technique. They have sug-
gested water filling and Adaptive spectral mask algorithms (ASMA). In ASMA, the MUE 
makes a periodic update of its total interference power experience on each sub-carrier with 
respect to the interference causing FBS to MBS. MBS applies spectral masks over FBS 
through the periodic updates. The convergence of the presented algorithm is computed 
with respect to three factors, namely, feedback signals determined by MUE, the transmis-
sion time of feedback, and FBS transmission power. The performance loss and the per-
centage of interfering MUEs have been analyzed. Additional overhead due to the feedback 
signal is identified as the limitation of the developed method.

In [19], the authors have analyzed LTE and LTE-A multi-cell system performance 
through simulation framework. In this framework, the macrocell is divided into inner and 
outer regions The total frequency resources are divided into four sub-bands, namely A, B, 
C, & D. Sub-band ‘A’ is used by the MUEs present in the inner region in both the environ-
ments. The outer region MUE utilizes the remaining three sub-bands. A partial amount 
of resources is shared by the femtocells for the purpose of mitigation of ICI. The optimal 
region radius has been determined by three metrics, namely total throughput, Jain’s Fair-
ness Index (JI), and weighted throughput. The optimality of FFR scheme has been obtained 
by varying the inner region radii and resource blocks. The inference from the simulation 
results is that the weighted throughput approach outperforms the other two approaches.

The authors of [20] have analysed the cross-tier interference between the macrocell and 
the femtocell using frequency partitioning methods. In this method, the coverage of macro-
cell is divided into inner and outer regions which are sectored by three directional antennas. 
The entire frequency band is allocated exclusively for uplink and downlink transmission. It 
is divided into four non-overlapping parts. One part of the band is assigned to the inner 
region MUE / FUE. The remaining three parts are shared by both macrocell and femtocell. 
The outcome of the simulation study is compared with the theoretical results in terms of 
average per-channel downlink and uplink rates of macrocell and femtocell. The results lead 
to that the interference power having a smaller impact on inner-region radii. The limitation 
observed is that the impact of different radius of the inner region has not been analysed.

In [21], the authors have presented unified frequency reuse (UFR) framework for the 
next generation HetNets. In this frame work, the different tier networks utilizes 54%, 18%, 
20% and 8% of total spectrum which is represented as b1, b2, b3, & b4 frequency bands 
respectively. The frequency bands b1& b2 are utilized by macrocell with FRF-3 and micro-
cell respectively. Similarly, b3 & b4 are utilized by small cell with FRF-2 and random 
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distribution of coverage points respectively. The authors analyzed the network performance 
in terms of spectral efficiency, area throughput and energy efficiency which outperforms 
than the classical Frequency Reuse (FR) and FFR schemes.

In [22], the authors presented FRF for irregular geometry based heterogeneous cellular 
networks. The macrocell is divided into centre and edge region with three sectors which is 
referred as sectored FFR scheme. The MBSs and FBSs are randomly deployed by statisti-
cal modeling of Hard Core Point Process (HCPP) and Poisson Point Process (PPP). In this 
scheme, the cell partitioning is done through the two parameters namely SINR threshold of 
MUE and FUE. The total spectrum is divided into four sub-bands where three sub-bands 
are utilized by edge region of macrocell which is reused by the centre region of femtocell. 
Similarly, the remaining is used by centre region of macrocell and edge region of femto-
cell in order to mitigate cross-tier interference. The dynamic spectrum allocation strategy 
is followed with respect to area of coverage. From the simulation results, the aggregate 
throughput and cumulative distribution function of MUEs and FUEs results with better 
performance than strict-FFR and FFR-3 schemes.

In [23], the authors have presented the resource partitioning scheme in order to mitigate 
the interference between macro and femtocells. The macrocell coverage area is partitioned 
into three layers, namely, centre, intermediate, and outer along with six sectors. 18 sub 
areas have been considered in all. The total bandwidth is divided into seven sub-bands, 
namely A, B, C, D, E, F, and G. In the developed scheme, the MUE closer to eNB and 
FUE away from eNB share the higher sub-bands in order to improve the total through-
put and spectral efficiency. This approach limits the interference in co-channel, cross-tier 
and co-tier between macro and femtocell. Throughput of macrocell, femtocell, and total 
throughput for varied number of femtocells are computed through simulation. The scheme 
presented is superior to the existing schemes, namely, FFR-3, 3-layer/3-sector FFR, and 
OSFFR. In particular, the OSFFR scheme exhibits better throughput of femtocell due to 
lesser co-tier interference.

In [24], the authors have analyzed the throughput and the capacity of the LTE network 
using the Soft Partial Frequency Reuse (SPFR) method, wherein the macrocell is divided 
into Central Area of Cell (CAC) and Boundary Area of Cell (BAC). The CAC area is fur-
ther partitioned into CAC far and CAC near. The total spectrum is assigned as 50% and 10% 
to CAC and BAC respectively. Further, 20% of soft band is utilized by CAC near and BAC 
with respect to network traffic. The remaining unused 20% is reserved for future use. The 
inference from the simulation result is that the network throughput and cell capacity are 
enhanced as a result of provisioning of 20% of the soft band when compared with the FFR 
scheme.

The authors of [25] presented an adaptive self-organizing frequency reuse approach for 
deriving the optimal value of inner radius. The coverage of each macrocell is divided into 
two regions, namely, inner and outer. The available frequency resource is divided into four 
sub-bands. In this approach, MUE of inner region is allowed to use any of the sub-bands to 
ensure the total interference received by all MUEs in the inner region being kept minimal. 
The authors have used the simulation result for the determination of the optimal value of 
the inner radius by considering the closeness between the total throughput of outer and 
inner regions. The optimality is investigated with respect to the total transmission power of 
eNB, cell radius and total cell throughput. The investigation shows that the presented work 
outperforming the traditional FFR scheme.

In [26], the authors presented multi-layer soft frequency reuse scheme for 5G heteroge-
neous cellular networks. In this scheme, the macrocell is divided into four circular zones 
with different power allocation in which first and fourth layer forms one SFR while second 
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and third forms another SFR scheme. The spectrum allocated for small cell increases with 
the increase of layers. The authors have analyzed network throughput, spectral efficiency 
and outage probability metrics for different layers such as 2, 4 & 8. The inference drawn is 
that the performance metrics of layer 8 outperforms than 2 & 4.

In [27], the authors have presented joint spectral efficiency and energy efficiency in FFR 
based wireless HetNets. In this work, Area Spectral Efficiency (ASE) and Area Energy 
Efficiency (AEE) are jointly analyzed with respect to range expansion, FFR and propor-
tional fairness allocation strategy. A theoretical framework is derived based on these met-
rics. The outcome of joint performance is referred as Area Spectral Energy Efficiency 
(ASEE) which is optimized in terms of power reduction factor and bandwidth partition 
factor. The performance of ASE, AEE and ASEE are analyzed under two scenarios namely 
equal bandwidth and data rate to each UE. It is observed that, ASEE has balanced the per-
formance of both ASE and also theoretical results are validated with simulation outcome in 
terms of average user spectral efficiency.

In [28], the authors have presented the novel FFR scheme with efficient resource alloca-
tion mechanism to mitigate CCI in LTE-A HetNets. The whole macrocell coverage area 
is partitioned into three layers, namely, center, middle, and outer and each layer is further 
divided into three sectors. Therefore in total of 9 zones can be considered. The total band-
width is divided into seven sub-bands, namely A, B, C, D, E, F, and G. The sub-band G is 
only reserved for center layer MUEs, whereas the remaining sub bands are utilized by each 
sector of middle and outer layer MUEs. However, the femtocells were reuse the sub-band 
of middle and outer layer of macrocell on the basis of detected value of RSRP. Through-
put and efficiency of the system are computed through simulation, and found to be better 
than the existing schemes namely OSFFR, FFR-3, and FFR-3R. One of the limitations is 
identified as less spectral efficient in the developed method due to the reserved sub-band 
assigned in the center layer of macrocell.

The works presented in the above literature, clearly mention the factors to be consid-
ered in the resource partitioning scheme that can be made between macro and femtocells. 
They are (i) division of macrocell region, (ii) region radius, (iii) static frequency reuse and 
(iv) deployment nature of FBS, its transmission power and position. The authors in [16, 
19], & [25] have concluded that the region radius which maximizes user satisfaction, total 
throughput, weighted throughput, JI, and throughput of regions is considered as the opti-
mal radius. The impact of other factors namely, density of users and area of region radius 
has not been considered in the optimization process.

The work presented in [24] is limited to macrocell environment. The works in [17, 20], 
& [23] operate macrocell in both omni directional and directional antennas. Allocation of 
more sub-bands to femtocell, causes a smaller outage probability of the macrocell. In [20], 
the analysis is restricted to two different inner region radii. In [18], the macrocell applies 
spectral masks over the femtocell for reducing the interference. This leads to a reduction in 
spectral efficiency. Further, an increase in overhead is witnessed due to the feedback signal. 
In [21], due to stochastic deployment of users in the small cells, static planning of sub-band 
strategy adopted in these small cells leads to reduction in spectral efficiency. In [26], due 
to increase in the layers of macrocell, complexity involved in the determination of optimal 
region radii increases.

In [15], the analysis is restricted to homogeneous environment and increasing the com-
plexity by the adoption of different reuse scheme in the macrocell of three regions. Further 
it is observed that, CCI is minimal at the edge region than the other two regions. In [26], 
the cross-tier interference is very significant when MUE is placed in the transition region 
and the impact of femtocells on the performance analysis is not considered. In [27], the 
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performance analysis is restricted to two scenarios namely equal bandwidth and data rate. 
Here the impact of dynamic resource allocation strategy with optimization is not consid-
ered. In [28], the following limitations were found: They are intra cell handover problems 
due to directional antennas and higher priority to center layer MUEs by the assignment of 
dedicated sub band.

In the proposed research, Region splitting based resource partitioning (RRP) scheme 
with efficient resource allocation strategy is developed for overcoming the above limi-
tations. The objective of the proposed research is to enhance the sum throughput of the 
macrocell.

In the proposed scheme, the entire macrocell region is divided into three regions, 
namely, inner, centre, and outer. The femtocell deployed in each region partially shares 
the frequency resources of macrocell. An additional third region is included for mitigating 
ICI, inter and intra-cell cross-tier interference. The entire frequency band is partitioned into 
four non-overlapping sub-bands in a cluster of 3 cells. The sub-bands are ‘a’, ‘b’, ‘c’ & ‘d’. 
The first three sub-bands ‘a’, ‘b’ & ‘c’ are utilized by the outer region MUEs. The remain-
ing sub-band ‘d’ is further divided into three non overlapping parts, namely ‘d1’, ‘d2’, & 
‘d3’. It is utilized by the centre region. In addition, the inner region of macrocell partially 
shares the sub-band of the outer region of the neighboring cells. Similarly, the femtocells 
present in the inner region makes partial share the sub-band of the outer region of the same 
cell. This leads to the elimination of intra-cell cross-tier interference.

In case of the centre region, the femtocell makes partial share of the sub-band of the 
inner region of the macrocell. This may cause intra-cell cross-tier interference when 
MUE is placed within the vicinity of FBS. Similarly, the femtocell deployed in the outer 
region shares the sub-band of the centre region of the neighbouring macrocell. This kind 
of resource partitioning eliminates the intra-cell and the inter-cell cross-tier interferences 
thereby increasing the system throughput. Hence, three region approach are employed in 
the proposed RRP scheme for enhancing the sum throughput of the macrocell. In the pro-
posed scheme, the impact of sum throughput on region radii and its corresponding sub 
channel allocation by heuristic and optimal region radii approach are analyzed. The region 
radii are considered as the important design parameters. The above two approaches are 
proposed for finding the region radii that optimizes the sum throughput. Monte Carlo 
simulations have been carried out for the verification of the optimal region radii at which 
the average sum throughput is maximized. The performance metrics considered are sum 
throughput, sub channel utilization and JI index.These metrics are analysed through simu-
lation in Matlab 2014 version. The proposed approaches of RRP scheme is compared with 
the traditional SFR scheme in terms of performance metrics. The inference from the simu-
lation result is 167.62% and 108.42% enhancement in sum throughput has achieved by heu-
ristic and optimal region radii approach respectively. This is due to the following factors. 
The centre region MUEs does not caused by ICI from tier-1 macrocells. As a result, there 
is improvement in SNR which results increase in sum throughput. Further, the proposed 
RRP scheme utilized 100% of total sub channels.

3  Proposed RRP Scheme

This section presents the system model and details the heuristic and optimal region radii 
approach of the proposed RRP scheme.
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The work flow of the proposed RRP scheme is illustrated in Fig. 1. It consists of the fol-
lowing modules:

 (i) Creation of LTE-A scenario
 (ii) Region splitting based resource partitioning scheme
 (iii) Interference analysis
 (iv) Determination of region radii

(a) Heuristic approach
(b) Optimal region radii approach.

3.1  LTE‑A HetNet Scenario

This section provides a detailed account of the formulation of HetNet. Figure 2 illustrates 
the deployment of femtocell over a macrocell in tier-1 LTE HetNet. In this scenario, the 
MUE is placed within the vicinity of the femtocell. Therefore, the MUE undergoes cross-
tier interference as well as ICI. The cross-tier interference can occur when both the mac-
rocell and the femtocell operate in the same sub-band. In the traditional FRF1 scheme, the 
MUE experiences ICI from six neighboring macrocells. Reuse factor of this kind mecha-
nism degrades the performance of cell edge users, thereby reducing the system capacity. 
The proposed RRP scheme adopts FRF3 mechanism to enhance the throughput of cell 
edge users. This is shown in Fig. 3.

This research work has adopted the two-tier OFDMA-based cellular architecture, which 
consists of ‘m’ macrocells and ‘f’ femtocells, where m = {1, 2… K} and ‘f’ = {1, 2… L}, 
where L = 10. Both cells are centre excited with omni directional antenna. The proposed 
system model consists of femtocells deployed over a macrocell formulating a HetNet. In 
order to analyze the impact of interference experienced by MUE, a two-tier network with 
seven cell structure is considered as shown in Fig.  3. The system has seven macrocells 
(K = 7), out of which centre cell ‘1’ is taken as the reference cell and the remaining K-1 

Fig. 1  Workflow of the Proposed RRP scheme
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cells are considered as interfering cells. The performance analysis is confined to the refer-
ence cell.

3.2  Region Splitting based Resource Partitioning

3.2.1  System Model

This section presents the system model of the proposed RRP scheme which investigates the 
impact of region radius on resource partitioning, sum throughput of macrocell and fairness 
distribution among MUEs.The system model considered Down Link (DL) transmission in 
the LTE HetNet scenario which is illustrated in dotted lines of Fig. 4.

Let ‘M’ be the macrocell which is partitioned into three regions, namely inner region 
(Iz), centre region (Cz), and outer region (Oz). Let χMI, χMC be the radius of Iz and Cz respec-
tively. Similarly, χMO be the radius of the macrocell. Let χU = {1, 2, 3….MU} be the set of 
MUEs present in the cell, where MU = 100. Assume a random distribution of χU within 
the coverage of M. Hence, region radii namely inner region radius (χMI), and centre region 
radius (χMC) is referred as important design parameters in order to find the maximum and 
optimal sum throughput of macrocell. The determination of identical region radii is neces-
sary to implement the proposed RRP scheme in the real time deployment scenario. There-
fore, this research is limited to regular deployment of macrocell.

Fig. 2  LTE-A Heterogenous 
Network Scenario

Fig. 3  Seven cell structure of 
two-tier network with FR3
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3.2.2  Resource Partitioning Scheme for Downlink Transmission

This section presents the resource partitioning mechanism adopted in the proposed RRP 
scheme for downlink transmission.

In the proposed RRP scheme, the total spectrum (β) is utilized by a cluster of three 
cells as shown in Fig. 4. In this strategy, β is divided into four non overlapping parts 
based on FRF mechanism i.e., β = a ∩ b ∩ c ∩ d. Three parts of β are shared between Iz 
and Oz while the remaining one part is utilized by Cz. FRF-3 type of frequency reuse 
mechanism is followed during resource partitioning, which is illustrated in Fig. 5.

The total spectrum (β) is divided into four non-overlapping sub-bands, namely ‘a’, 
‘b’, ‘c’ and ‘d’. It is illustrated in Fig.  6.These sub-bands are assigned to a cluster of 
three cells as shown in Fig. 4. The cells 1, 2 and 3 are formed as one cluster. Further, 
the sub-band ‘d’ is partitioned into three non overlapping parts with FRF3, namely ‘d1’, 
‘d2’, and ‘d3’.i.e., d =  d1 ∩  d2 ∩  d3. The sub-bands ‘a’, ‘b’, and ‘c’ are allocated to MUEs 
in outer region. Similarly, the centre region MUEs are assigned with sub-band ‘d’. Here 
the femtocell deployed in each region, makes partial reuse of the sub-band of macrocell 
in order to improve the capacity of indoor users and spectral efficiency.

Fig. 4  System model

Fig. 5  Downlink spectrum allocation
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In the cluster of cells, the MUEs of  Oz utilizes the sub-band of ‘a’, ‘b’ and ‘c’. This 
enhances the performance of cell edge MUEs by minimizing inter-cell interference. The 
femtocell deployed in  Oz partially shares the sub-band of ‘d2’, ‘d3’, and ‘d1’ that were 
assigned previously to the MUEs of  Cz. These results in complete elimination of inter 
cell cross-tier interference.

Similarly, the sub-bands ‘d1’, ‘d2’, and ‘d3’ are allocated to MUEs in  Cz. It is to be 
noted that the MUEs in  Cz of cell ‘1’ are not interfered by tier-1 macrocells. This results 
in elimination of inter-cell interference. Similarly, the femtocell deployed in the cor-
responding region partially shares the sub-band of ‘b’, ‘c’, and ‘a’. It is also partially 
shared by Iz of the same cell and  Oz of neighboring cell. This reduces the inter cell 
cross-tier interference. For such an assignment, the intra-cell cross-tier interference 
would be considered closer to the transition of inner and centre region of a macrocell.

3.2.3  Allocation of Sub Channels

This section presents the calculation of sub channels for each region. The sub-bands ‘a’, 
‘b’, ‘c’, and ‘d’ are formulated from 90% of β. The remaining 10% is assigned to the 
guard band. Let ‘Φ’ be the total number of available sub channels that can be assigned 
to both macrocell and femtocell present within the macrocell. As mentioned in the sys-
tem model of the proposed RRP scheme, ‘M’ is divided into three regions, namely Iz, 
Cz, and Oz. χMI, χMC, and χMO are considered as the respective radii of the Iz, Cz, and M 
respectively. In a cluster of cells, the amount of sub channels required for each region is 
computed on the basis of their area of coverage [29].

Let ‘n’ be the cluster of cells and ΦI,ΦC, and ΦObe the total sub channels required for 
Iz,Cz, and Oz respectively. They are computed using Eqs. (1) to (3).

Inner region:
The sub channel allocation between inner and centre region MUEs is proportional to 

the square of the ratio of inner region radius and centre region radius. The allocation of 
sub channels for inner region MUEs are given by

Fig. 6  Resource partitioning strategy of proposed RRP scheme
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Centre region:
The amount of sub channels required for MUEs of centre and outer region is propor-

tional to the square of the ratio of centre region radius minus inner region radius and mac-
rocell radius. It is calculated by using the below expression.

Outer region:
Similarly, the total amount of sub channels required for outer region is calculated by 

using Eq. (3).

3.3  Interference Analysis

This section presents the analysis of performance metrics with respect to SINR experi-
enced by MUEs in each region. The performance indices considered are sum throughput, 
fairness index and sub channel utilization.

The LTE-A HetNet system consists of a femtocell placed within a macrocell. According 
to resource partitioning strategy, the interference experienced by MUE from femtocell is 
taken into consideration when it is positioned within this coverage area. The investigation 
is restricted to the reference cell.

3.3.1  Computation of SINR

Let IMU,CMU, and OMU be the users deployed in the inner region, centre region, and 
outer region respectively. Let ηIMU,ηCMU,and ηOMUbe the SINR experienced by the inner 
region, centre region, and outer region users respectively. The impact of interference is ana-
lyzed with respect to tier-1 macrocells and overlaid femtocells. The channel gain between 
MUE and serving eNB depends on the path loss associated with indoor user, shadowing 
and exponentially distributed channel fading component. For instance, when the inner 
region user (IMU) is served by eNB of macrocell ‘1’ operating in sub-band ‘b’, then the 
SINR experienced by IMU is given by [30].

whereP1,b is the transmitting power. G1,IMU is the channel gain between IMU and eNB of 
macrocell ‘1’. No and ∆f denote the noise power spectral density and the sub carrier spac-
ing respectively. The interference experienced by IMU on sub-band ‘b’ is due to both ‘K’ 
adjacent cells and ‘f’ overlaid femtocells. It is represented in the second and third term 
in the denominator of Eq. (4). PIMU,k,b and PIMU,f,b are the interference power received by 
IMU from ‘K’ interfering macrocells of 2, 4, and 6 and nearby ‘f’ femtocells on sub-band 
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‘b’ respectively. GIMU,k,b and GIMU,f,b are assumed to be their corresponding channel gain. 
It may be noted that the interfering femtocells are considered when MUEs are within their 
coverage area.

Similarly, the SINR experienced by the centre region user (CMU) served by eNB of 
the macrocell ‘1’on sub-band ‘d1’is computed using Eq. (5).

where P1,d1is the transmitting power of serving eNB of macrocell ‘1’ on sub-band ‘d1’.Let 
G1,CMUbe the corresponding channel gain of CMU. In this region, the interference from the 
neighboring ‘K’ adjacent cells and ‘f’ overlaid femtocells are completely eliminated by the 
resource partitioning strategy followed in the proposed scheme. Further ICI and intra cell 
cross-tier interference are found to be negligible.

Finally, the SINR for outer region user (OMU) is calculated using Eq. (6). It is served 
by eNB of macrocell ‘1’on sub-band ‘a’

whereP1,a and G1,OMUare their corresponding transmit power and channel gain respectively. 
The second term in the denominator of Eq. (6) represents the interference experienced by 
OMU due to ‘K’ interfering macrocells of 3, 5, and 7, when operated on sub-band ‘a’, 
POMU,,k,aandGOM,U,k,a are the received interference power and channel gain respectively.

3.3.2  Computation of Data Rate

Let ψMU,χ be the data rate achieved by MUEs when operated on sub-band ‘χ’. It is com-
puted using Eq. (7). Here χ ϵ ‘a’, ‘b’, ‘d1’ and MU ϵ IMU, CMU, OMU.

where ηMU,χ represents the SINR experienced by MUEs in all three regions operated in 
various sub-band ‘χ’. Here ‘χ’ represents ‘a’, ‘b’, & ‘d1’. ∆f denotes the sub carrier spacing 
and the constant term σ denotes the target Bit Error Rate (BER) which is given by σ = -1.5/
ln (5BER).

3.3.3  Computation of Sum Throughput

The sum throughput (ΩMU) of a serving eNB of macrocell ‘1’ when operated on sub-
band ‘χ’ can be expressed as below:

βMU,χ = 1, represent the sub-band ‘χ’ assigned to MUEs, when it is not assigned, then 
it is zero.
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3.3.4  Computation of Jain’s Fairness Index

Second, Jain’s Fairness Index  (JIMU) metric is calculated to address the issue of fairness 
among the MUEs of the considered topology. It is expressed as the square of sum through-
put of all MUEs divided by the product of the sum of squared MUEs throughput and the 
number of MUEs. It physically represents the deviation on throughput among MUEs. It 
can be calculated as follows [31]

The factors identified for the purpose of maximizing the sum throughput of macrocell 
are (i) amount of sub channels per region, (ii) number of MUEs deployed in each region, 
(iii) position of MUEs and (iv) region radii. The relationship between amount of sub chan-
nels and region radii are mentioned in the Eqs. 1, 2. In addition to the above factors, posi-
tion and density of MUEs are also considered in the random scenario.

3.4  Determination of Region Radii

This section presents the heuristic and optimal region radii approach to determine the 
region radii. The performance metrics namely maximum sum throughput and optimal sum 
throughput are investigated from the outcome of these approaches respectively.

3.4.1  Heuristic Approach

The steps involved in the determination of region radii by heuristic approach are illustrated 
in Fig. 7. The proposed heuristic approach assumes a network topology which consists of 
macrocell, femtocell and random distribution of MUEs throughout the network topology. 
Then the parameters, namely the radius of macrocell (χMO) and femtocell (χF), number of 
MUEs (χU), and number of femtocells (L) are defined. In this approach, the radius of cen-
tre region (χMC) and its corresponding inner region radius (χMI) is varied with respect to 
macrocell radius (χMO).The range of χMC is varied from 0.1*χMO to 0.9*χMO. Similarly, χMI 
is also varied from 0.1*χMC to 0.9*χMC for each fixed range of χMC. The sub channels of 
each region are calculated using Eqs. 1, 2 3 for every combination of χMC and χMI. For each 
sub channel allocation, the proposed heuristic approach calculates the sum throughput. The 
above procedure is repeated for every successive inner region radius (χMI) with its corre-
sponding fixed range of centre region radius (χMC). Thus a total contribution of 81 range of 
sub channel allocation is investigated. From the above investigation, the region radii which 
offer maximum value of sum throughput are concluded as maximum sum throughput of 
this approach. Hence, the corresponding region radius has been determined.

3.4.2  Optimal Region Radii Approach

Problem Formulation In the proposed heuristic approach, the following limitations are 
found they are (i) the resource distribution among MUEs of each region is not fairer. (ii) 
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The minimum amount of sub channel is not allocated to certain region of macrocell. (iii) 
The optimal region radii are not determined. Therefore, the objective function is formu-
lated with respect to above limitations. It is detailed below.

The objective is to maximize the sum throughput of macrocell. From the above limita-
tions, the objective function can be formulated as follows

Subject to the following constraints

(10)MaximizeΩMU =
∑

i∈MU

ΨI
i
+ ΨC

i
+ ΨO

i

(11)ΦI =

(

�MI

�MC

)2

∗ Φ ≥ Φmin

Fig. 7  Determination of region radii by heuristic approach
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In the objective function, Eq. (10) represents the sum throughput of macrocell, where 
ψI,ψC, and ψO denote the achievable throughput of IMU, CMU and OMU respectively. 
Constraints given in Eqs.  (11a) – (11c) enforce that the total number of sub channels 
required for each region should be greater than or equal to minimum sub channel require-
ment Φmin. Whereas the constraint in Eq.  (12) guarantees that the number of MUEs 
deployed in each region must be equal to the total number of MUEs per cell (MU). And 
constraint given in Eq. (13) insists the minimum distance between MUE and eNB. Simi-
larly in (14), the MUEs deployed in each region must be allocated with minimum one sub 
channel and minimum one MUE must be positioned in each region.

An iterative based optimal region radii approach is proposed in order to find the solution 
of objective function. It is illustrated in Fig. 8.

In the proposed optimal region radii approach, the macrocell and random distribution of 
femtocell and MUEs are formulating a network topology. Then the following parameters 
are defined. They are radius of macrocell (χMO), radius of femtocell (χF), number of MUEs 
(χU), number of femtocells (L), minimum amount of sub channel (Φmin), minimum dis-
tance (χdo) between MUE and eNB, and total number of iterations (N) are defined. In this 
approach, the radius of centre region (χMC) is varied from 0.1*χMO to 0.9*χMO and its cor-
responding inner region radius (χMI) is varied from 0.02*χMC to 0.9*χMC. With the assump-
tion of χdo and Φmin, the sub channels of successive inner region radius (χMI) with its cor-
responding fixed range of centre region radius (χMC) are calculated using Eqs. 1, 2 3. The 
corresponding sum throughput is computed for each successive χMI and its corresponding 
χMC. The above procedure is repeated for 1000 iterations ofmonte carlo simulation process. 
Therefore, the average value of sum throughput of 1000 iterations is computed for the con-
figured values of region radii. It is illustrated in Fig. 8. The region radii which offer maxi-
mum value of average sum throughput are concluded as optimal sum throughput. Hence, 
the corresponding optimal region radii have been determined.

3.5  Validation in the Proposed RRP Scheme by Optimal Region Radii Approach

The non availability of real time test bed leads to validation of the proposed RRP scheme 
through simulation. The randomness of MUE distribution in real time scenario is emu-
lated using Monte Carlo simulation process by varying the iteration from 100 to 1200. The 
average value of sum throughput for varied iteration is computed for the configured region 
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radii. The configured region radii is confined to be optimal, when the preset criteria of 
maximum sum throughput is met.

4  Results and Discussion

This section details the analysis of performance of the proposed RRP scheme made in 
terms of sum throughput, Fairness index and resource utilization by heuristic and optimal 
region radii approach. It is simulated by using MatLab 2014 version. In this study, maxi-
mization of sum throughput (ΩMU)with respect to χMI,χMC,χMO,ΦI,ΦC,and ΦO is analyzed 
through two approaches. Let  RIbe the ratio of χMItoχMCand  RC be the ratio of χMC to χMO. 
In the heuristic approach, the following range of  RC and its corresponding  RI are consid-
ered. They are  RC = {0.1, 0.2, 0.3, ……0.8, 0.9} and  RI = {0.02, 0.04, 0.06,……0.88, 0.9}. 
Thus a total contribution of 81 ranges of region radii is investigated through the minimum 
assumptions.

In the optimal region radii approach, the key assumption is made in determining the 
optimal region radii. It is mentioned in the constraints of the objective function. With these 
criteria, the configured range of  RC and its corresponding  RI is obtained.

The detailed range of  RC and its corresponding  RI considered in the simulation are: (i) 
 RC = 0.5;  RI = {0.26, 0.28, 0.3,…0.48, 0.5} (ii)  RC = 0.6;  RI = {0.26, 0.28, 0.3, …0.0.56, 
0.58} (iii)  RC = 0.7;  RI = {0.26, 0.28, 0.3, …0.0.62, 0.64} (iv)  RC = 0.8;  RI = {0.26, 0.28, 

Fig. 8  Determination of region radii by optimal region radii approach
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0.3, …0.0.66, 0.68} and (v)  RC = 0.9;  RI = {0.26, 0.28, 0.3, …0.0.7, 0.72}. Thus a total 
contribution of 96 ranges of region radii is investigated.

The simulation parameters considered in the performance analysis are with reference 
to 3GPP specifications as presented in Table 1. The LTE HetNet system with 10 MHz 
of bandwidth comprising of 48 sub channels is considered. Each sub channel is the 
180 kHz bandwidth. The indoor environment of sub urban model scenario with centre 
excited macrocell eNB operated in 2,000 MHz centre frequency has been considered. 
Further, a femtocell is randomly placed within the macrocell. Calculation of path loss 
is made using 3GPP propagation model [32]. Since the received power is significantly 
affected by shadowing and multipath fading component, it is considered as exponen-
tially distributed with the normalized value of 1. The value of shadowing is set to be 
8db.

4.1  Performance Analysis of Hueristic Approach

This section presents the impact of sum throughput of macrocell on region radii with 
respect to sub channel allocation and throughput contribution of each region.

Table 1  Simulation Parameters

Parameter Value

Radius of macrocell (χMO) 1000 m
Radius of femtocell (χF) 10 m
Carrier frequency (fc) 2 GHz
Transmit power of eNB (Ptm) 46dBm
Transmit power femtocell (Ptf) 20dbm
System bandwidth (β) 10 MHz
Number of sub channels (Φ) 48
Minimum distance between eNB and MUE (χdo) 35 m
Minimum distance between indoor MUE and femtocell (χDo)  < 0.2 m
Propagation model: Path loss (db)between eNB and indoor MUE 15.3 + 37.6 

 log10*R1 +  Low, 
 R1in ‘m’

Path loss (db) between femtocell and indoor MUE 38.46 +  20log10
*R2 + 7db,0 
<  R2 ≤ 10,  R2 
in ‘m’

Number of eNB 1
Number of femtocell 10
Number of MUE 100
Antenna pattern Omni directional
Modulation Scheme 64 QAM
Sub carrier spacing (∆f) 15 kHz
Wall penetration loss(Low) 20db
White noise power density  (No) −174dBm/Hz
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4.1.1  Impact of Sum Througput of Macrocell on Region Radii

The impact of sum throughput of macrocell on region radii is presented in this section. In 
this analysis, a random distribution of MUE and femtocell within the coverage of macro-
cell is considered. The sum throughput of macrocell is computed by the contribution of 
each region. It is investigated for every fixed value of  RCand its corresponding  RIas shown 
in Fig. 9. From the results, it is inferred that, the sum throughput of macro cell varies from 
44.37Mbps to 120.78Mbps. The maximum sum throughput of 120.78Mbps is achieved 
when  RCand  RIare configured to 0.9 and 0.1 respectively. From the best case, it is observed 
that, the percentage of sum throughput achieved in Iz,Cz, and Ozare 0%, 94.4%, and 5.57% 
respectively. Similarly, in the worst case, the minimum sum throughput of 44.37 Mbps is 
observed when  RC = 0.8 and  RI = 0.7. The corresponding contributions are 72.15%. 0% and 
27.84% respectively.

In the above two cases, the following inferences are made. (i) the maximum and min-
imum sum throughput obtained by the major contribution made by centre region users. 
Therefore, it is more prominent than the other two regions. It is due to the fact that, the 
users of centre region of reference macrocell does not receive interference from K-1mac-
rocells. This resulting average SNR received by the centre region MUE is better than the 
inner and outer region MUE. It is illustrated in Figs. 10, 11, 12. (ii) In the best and worst 
case, 62.5% and 0% of total sub channels of macrocell is utilized by the centre region 
MUEs respectively. It is detailed in the Fig. 14. It is due to the fact that as  RC increases and 
its corresponding  RI decrease. Subsequently, the allocation of sub channels also increases 
and vice versa.

(iii) In the best case, 90% of total MUEs are positioned in the corresponding centre 
region coverage of macrocell such as  RC = 0.9. (iv) In both the cases, the contribution 
made by inner region MUEs are less significant due to 0% and 43.75% of total sub chan-
nels utilized by them respectively. It is shown in Fig.  13. The reason is that, the inner 
region MUEs are assigned with 0% sub channel allocation. And even with high percent-
age of sub channel utilization, its contribution is minimal due to the inter cell interfer-
ence caused by tier-1 macrocells of 2, 4, and 6 respectively. This results in degradation 

Fig. 9  Sum throughput of macrocell at  RC and  RI
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in SINR. It is illustrated in Fig. 10. (v) Similarly, in the best and worst case, 37.5% and 
56.25% of total sub channels utilized by outer region MUEs respectively. It is shown in 
Fig. 15. The contribution made by outer region MUEs are further worsen due to severe 

Fig. 10  Average SINR of inner region MUE

Fig. 11  Average SNR of centre region MUE
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degradation in SINR when allocated with high percentage of sub channel. It is due to 
that, the ICI is caused by tier-1 macrocells of 3, 5, and 7. It is shown in Fig. 12.

From the above investigation, it is concluded that the region radii such as  RC = 0.9 
and its corresponding  RI = 0.1 contributed maximum sum throughput. Hence, the region 
radii of heuristic approach have been determined.

Fig. 12  Average SINR of outer region MUE

Fig. 13  Percentageof total sub channels allocated for inner region of macrocell
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4.1.2  Region based SINR Analysis

This section details the average SINR experienced by MUE of each region of macrocell. 
Figures 10, 11 12 presents the average SINR experienced by inner, centre and outer region 
MUEsfor fixed range of  RC and its corresponding  RI.

Figures  10, 11 and 12 show the average SINR received by MUE of inner region, 
centre region and outer region respectively. It is inferred from Fig. 10 that, the average 

Fig. 14  Percentage of total sub channels allocated for centre region of macrocell

Fig. 15  Percentage of total sub channels allocated for outer region of macrocell
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SINR is varied from 3.49 to 8.29 db. The maximum of 8.29 db and minimum of 3.49 
db is obtained at  RC =  RI = 0.1 and  RC =  RI = 0.9 respectively. The reason is that, as  RI 
and  RC increases, the distance of MUE from eNB also increases proportionally and vice 
versa. And also observed that, the inter cell interference to inner region MUE is caused 
by macrocells of 2, 4, and 6. It is caused by the inner region of reference macrocell 1 is 
sharing the same sub-band of neighbouring macrocell of outer region. In addition to ICI 
from tier-1 macrocells, cross tier interference from femtocell is also taken into consid-
eration when MUE is positioned in the vicinity of femtocell.

From Fig.  11, the average SNR experienced by centre region MUE is varied from 
14.86 db to 15.46 db. It is inferred that, the deviation between maximum and minimum 
of SNR is 0.6 db. It is due to ICI from tier-1 macrocells and intra cell cross tier inter-
ference from femtocell is completely negligible as per the proposed resource alloca-
tion strategy. This resulting the average SNR experienced by the centre region MUE is 
enhanced. Thereby, the sum throughput of macrocell is enhanced.

The average SINR experienced by the outer region MUE is limited to the range of 
0.88 db to 3.1db. It is shown in Fig. 12. From the figure, the maximum of 3.1db and 
minimum of 0.88 db is observed when  RC = 0.1 and  RC = 0.9 irrespective of  RI respec-
tively. It is obtained when  RC increases MUE distance also increases proportionally and 
vice versa.This results in increase in ICI from tier-1 macrocells of 3, 5 and 7. Therefore, 
lesser contribution on sum throughput of macrocell is obtained. And also found that, the 
position of MUEs would not change in the outer regionby setting the fixed range of  RC.

4.1.3  Region based Sub Channel Allocation

The percentage of sub channel utilized by each region of macrocell is presented in this 
section. The impact of  RC and its corresponding  RI on sub channel allocation of each 
region is detailed.

Figures 13,14 and 15 show the percentage of total sub channel utilized by inner, cen-
tre region and outer region MUEs respectively. It is observed from the Fig. 13 that, the 
minimum and maximum of 0% and 75% of total sub channels utilized by inner region 
MUEs when  RI = 0.1 = 0.2 and 0.9 respectively. It is found that as  RI increases, conse-
quently the allocation of sub channels also increases proportionally irrespective of  RC. It 
is illustrated in Fig. 13.

From the Fig. 14, minimum 0% and maximum 62.5% of total sub channels utilized by 
the centre region MUEs of macrocell. It is inferred that, as fixed range of  RC increases 
such as  RC = 0.1, 0.2, ……0.9 and its corresponding  RI decreases, subsequently, the 
allocation of sub channels also increases and vice versa. The maximum percentage of 
total sub channels allocated to this region when  RC = 0.9 and  RI = 0.1. It is shown in 
Fig. 14.

The maximim of 100% and minimum of 25% of total sub channels is utilized by 
the outer region MUEs. It is detailed in Fig. 15. It is to be noted that, as fixed range of 
 RC and its corresponding  RI decreases, the subsequent allocation of sub channels also 
increases and vice versa. The maximum and minimum percentage of total sub channel is 
allocated when  RC =  RI = {0.1, 0.2} and  RI = 0.9 respectively.

It is concluded that, the following factors are identified for enhancing the sum 
throughput of macrocell. They are (i) SINR experienced by MUE of each region (ii) The 
sub channel allocation of each region with respect to  RC and  RI.
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4.2  Performance Analysis of Optimal Region Radii Approach

4.2.1  Impact of Sum Throughput of Macrocell on Region Radii

The impact of sum throughput of macrocell on region radii is presented in this section. 
Using Monte Carlo simulation process, 1000 random scenario of MUE is generated. 
The average value of sum throughput of macrocell is computed by the total through-
put of each region. It is assumed that MUEs of each region has to be allocated with 
minimum of one sub channel. This is the key assumption made by the optimal approach. 
Based on the above assumption, it is analyzed for every fixed value of  RC and its corre-
sponding  RI as shown in Fig. 16. From the results, it is inferred that the average value of 
macrocell sum throughput varies from 47.367 Mbps to 94.564 Mbps. The maximum of 
94.564 Mbps is achieved when  RC and  RI are configured to 0.9 and 0.26 respectively. It 
is considered as best case. Similarly, in the worst case of 47.367 Mbps is obtained when 
 RC = 0.9 and  RI = 0.66.

It is inferred that, the sum throughput contribution by MUEs of Iz,Cz,and Ozare 6.11%, 
84.26% and 9.62% respectively. In the worst case, the corresponding contributions are 
54.62%, 23.87% and 21.5% respectively. As mentioned earlier, the sum throughput of 
macrocell is enhanced by the key contribution of centre region MUEs. Therefore, the 
minimum of 6.25% and maximum of 43.75% of total sub channels utilized by the centre 
region MUEs of macrocell. It is assigned based on the key assumption.

On the other hand, the contribution made by inner region and outer region MUEs 
are less significant due to ICI caused by tier-1 macrocells. This is worsen the average 
SINR experienced by MUE of both the regions. This resulting with reduction in sum 
throughput of macrocell. From the investigation of 1000 iterations, the maximum value 
of average sum throughput is concluded as optimal sum throughput. It is obtained when 
 RC = 0.9 and  RI = 0.26. The corresponding region radii are referred as optimal region 
radii. Hence, the optimal region radii have been determined. Therefore, the macro-
cell with three region of proposed RRP scheme can configure the region radii as inner 
region radius (χMI) = 0.26*χMC, and centre region radius (χMC) = 0.9*χMO where χMO is 
the macrocell radius.

Fig. 16  Sum throughput of macrocell at  RC and its corresponding  RI
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4.2.2  Optimal Sum Througput of Macrocell for Varied Iterations of Monte Carlo 
Simulation

In order to validate the proposed RRP scheme in the real time environment, a wide range 
of distribution of MUE is emulated using Monte Carlo process. The iteration is varied 
from 100 to 1200. The corresponding maximum sum throughput is illustrated in Fig. 17. 
It is inferred that, the variation in optimal sum throughput is minimum from iteration 100 
to 1200. Its value varies from 94.517 to 94.593 Mbps. Hence the service provider when 
operating on 10  MHz spectrum can configure the region radii as inner region radius 
(χMI) = 234 m, centre region radius (χMC) = 900 m, and macrocell radius (χMO) = 1000 m.

4.3  Comparison between Heuristic and Optimal Region Radii Approach

This section presents the comparative analysis of heuristic and optimal region radii 
approach. The performance is analyzed in terms of percentage of total sub channels uti-
lized by each region, region based sum throughput and JA index. The performance of both 
the approaches has been analyzed under the configuration of region radii which offered 
maximum sum throughput and optimal sum throughput. The region radii of heuristic and 
optimal region radii approaches are  RC = 0.9,  RI = 0.1 and  RC = 0.9,  RI = 0.26 respectively.

4.3.1  Analysis of Region Based Resource Utilization

The percentage of sub channels utilized by each region of macrocell and total sub channel 
utilization of reference cell is presented in this section.

In the heuristic approach, the percentage of total sub channels allocated to Iz,Cz, and 
Ozare 0%, 62.5%, and 37.5% respectively. While in the optimal approach, the correspond-
ing allocations are 6.25%, 43.75% and 50% respectively. It is inferred that, the following 
difference has been oberved between two approaches in Iz,Cz, and Oz are 200%, 35.2%, and 
28.5%. It is also observed that, the total sub channels utilized by the reference macrocell is 
100% in both the approaches. It is shown in Fig. 18.

Fig. 17  Optimal Sum throughput for varied number of iterations
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4.3.2  Analysis of Region based Sum Throughput

This section details on the contribution of inner, centre and outer region throughput 
on sum throughput of macrocell by heuristic and optimal region radii approaches. It is 
illustrated in Fig. 19.

Fig. 18  Percentage of total sub channels allocated for each region of macrocell

Fig. 19  Region based sum throughput of macrocell
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In the heuristic approach, the sum throughput of macrocell is contributed by MUEs of 
Iz,Cz,and Ozare 0%, 94.4%, and 5.57% respectively. Similarly in the optimal approach, the 
corresponding contributions are 6.11%, 84.26% and 9.62% respectively. It is inferred that, 
the contibution made by the centre region is more prominent.This resulting, 35.48% dif-
ference hasbeen obervedbetween two approaches.While in the inner and outer region, the 
difference is 200% and 29.8% respectively. It is due to the corresponding subchannels allo-
cated to each region. In the heuristic approach, it is noted that, the MUEs of inner region 
might not receive downlink transmission if they have received very good SINR. The reason 
is that, 0% of sub channel allocated to the corresponding inner region radius.

4.3.3  Analysis of Jain’s Fairness index

Presents the JA metric for the above two approaches. From the results, the heuristic 
approach attains a maximum value of 0.98. While optimal approach attains 0.95 which 
resulting 3.16% difference. Consequently, this difference is very minimal and concludes 
that the fairness among the mues is guaranteed by both the approaches.

From Fig.  20the comparitive results, the proposed RRP scheme of two approaches 
exhibits good results in resource utilization and JA index. On the other hand, 24.5% differ-
ence has been observed in sum throughput. Hence, the region radii is configured  asrc = 0.9 
and  RI = 0.1, when the position of MUEs are limited to greater than 9% of macrocell radius. 
i.e.,  RI = 0.1. Otherwise, it is configured as  RC = 0.9 and  RI = 0.26, if MUEs are uniformly 
deployed over the macrocell.

4.4  Comparison of Proposed RRP Scheme by Heuristic and Optimal Region Radii 
Approach with SFR Scheme

This section deals with the comparison of the proposed RRP and SFR scheme by the fol-
lowing metrics. They are sum throughput, JA index, and utilization of total sub channels. 
The performance of both the schemes has been analyzed under the configuration of region 
radii which offered maximum sum throughput and optimal sum throughput. The region 
radii of heuristic and optimal region radii approach are  RC = 0.9,  RI = 0.1 and  RC = 0.9, 
 RI = 0.26 respectively. In addition, the optimal region radius of SFR scheme is presented in 
this section.

Fig. 20  Comparison of Jain’s 
Fairness index
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The performance of both schemes is analyzed with respect to the system model and 
simulation parameters. The system model of the FFR scheme is illustrated in Fig.  21 and 
that of the proposed scheme is detailed in Sect. 3. In the SFR scheme, the entire macrocell 
is divided into two regions, namely, centre and outer regions. In a cluster of three cells, the 
available bandwidth is divided into three sub-bands, namely ‘a’, ‘b’, & ‘c’. It is represented 
in Fig. 21. These sub-bands are assigned to the outer region MUEs of macrocells ‘1’, ‘2’, 
and ‘3’ respectively. Wherein, the MUEs of centre region are allocated with the sub-bands 
of outer region of neighboring macrocells [17]. The sum throughput analysis is confined 
to the centre cell ‘1’ as shown in Fig. 21. The scenario considered for calculating the per-
formance metric is random distribution of MUE and one femtocell within the macrocell. 
In SFR scheme, the optimal sum throughput is calculated by the simulation parameters of 
Table 1.

The optimal region radii which offers maximum sum throughput have been deter-
mined by the Monte Carlo simulation process of 1000 iterations. The average value of sum 
throughput is computed by the total throughput of each region of macrocell by 1000 itera-
tions. It is presented in the below section.

4.4.1  Optimal Sum Throughput of SFR Scheme

From the investigation of 1000 iterations, the average value of sum throughput is maxi-
mized at  RC = 0.9 as shown in Fig. 22. It is obtained by the corresponding sub channels 
allocated to them. The percentage of total sub channels allocated to centre and outer 
regions are 75% and 18.75% respectively. Therefore, the region radius which offered maxi-
mum sum throughput of 45.194 Mbps is concluded as optimal sum throughput. The cor-
responding region radius as optimal region radius i.e.,  RC = 0.9.

4.4.2  Comparison of Region based Sum Throughput

This section presents the comparitive analysis of region based sum throughput on total sum 
throughput by the proposed RRP and SFR scheme. It is illustrated in Fig. 23

In the proposed RRP scheme, the centre region throughput is referred as the sum 
throughput of inner and centre region. It is shown in Fig. 23. From the results, it is inferred 
that, 167.62%, and 108.42% enhancement in total sum throughput is achieved by the heu-
ristic and optimal approach of proposed RRP scheme respectively. While in centre region, 
the enhancement of 172.74% and 104.43% has been obtained by heuristic and optimal 

Fig. 21  System model of SFR 
scheme
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approach respectively. Similarly, 104.55% and 168.51% increment is achieved in outer 
region respectively. This is caused by the following factors. They are (i) centre region 
MUEs are not received ICI from the neighboring macrocells. This resulting the average 
SNR is enhanced. Thereby, the sum throughput of macrocell is enhanced. (ii) The total sub 
channles allocated to the reference macrocell is 100%.

4.4.3  Comparison of Total Sub Channel Utilization

The comparitive analysis on total sub channel utilization by the proposed RRP and SFR 
scheme is presented in this section. It is illustrated in Fig. 24. It is inferred that, 93.75% of 

Fig. 22  Sum throughput of macrocell for varied  RC

Fig. 23  Comparison of region based Sum throughput of macrocell
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total sub channels utilized by the reference macrocell of SFR scheme. Wherein, 100% of 
total sub channels utilized by the heuristic and optimal approach of proposed RRP scheme. 
This shows maximum of 100% resource utilization has been accomplished. Hence, the sum 
throughput is further enhanced.

5  Comparative Analysis of Jain’s Fairness Index

The distribution of sub channels among the MUEs are guaranteed by the fairness index 
metric. The comparison of JA index of proposed RRP and SFR scheme is presented in this 
section. It is depicetd in Fig. 25.

From the results, the maximum of 0.61 has been obtained by the SFR scheme, On the 
other hand, its value is 0.98 and 0.95 by the heuristic and optimal approach of proposed 

Fig. 24  Comparison of utilization of total sub channels

Fig. 25  Comparison of Jains Fairness index
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RRP scheme. This resulting 60.6% and 55.73% enhancement is achieved by the heuristic 
and optimal approach respectively. Hence, the fairness among the MUEs has been guaran-
teed by the proposed RRP scheme.

rom the above investigation, it is concluded that, the proposed RRP scheme outperforms 
the traditional SFR scheme by the following metrics namely, sum throughput, sub channel 
utilization and JA index.

6  Conclusions and Future Work

In this research work, Region splitting based Resource Partitioning Scheme (RRP) is pro-
posed for the purpose of maximizing the sum throughput of the macrocell. In the pro-
posed scheme, the macrocell has been partitioned into inner, centre, and outer regions. 
In the available system bandwidth, three parts of the spectrum have been shared by the 
outer region and the inner region MUEs. The remaining part has been shared by the centre 
region MUEs. A femtocell has been placed in each region which partially shares the sub-
band of macrocell. The impact of throughput of each region contributing on sum through-
put has been analyzed by the heuristic and optimal region radii approach. The radius of 
centre region and its corresponding inner region that maximize the sum throughput has 
been found by two approaches. From the result,  RC = 0.9,  RI = 0.1and  RC = 0.9,  RI = 0.26 
has been determined as the region radii that offers the maximum and optimal sum through-
put of 120.95 Mbps and 94.564 Mbps respectively. Further, the real time environment for 
the wide range of distribution of MUE has been emulated using Monte Carlo process. The 
expected optimal sum throughput has been obtained for iteration ranging from 100 to 1200. 
The proposed RRP scheme is compared with the existing SFR scheme in terms of sum 
throughput, sub channel utilization and Jain’s fairness index. It is inferred that 167.62% 
and 108.42% of enhancement in sum throughput has been achieved by the proposed RRP 
scheme for heuristic and optimal region radii approaches respectively.

The proposed scheme can be extended to the analysis of femtocell throughput. The 
static frequency reuse planning can be applied to the edge excited macro base station of 
LTE network to further enhance the sum throughput of macrocell. Further, the perfor-
mance analysis of the proposed scheme can be extended to the irregular geometry of cel-
lular environment.
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