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Abstract—To cope with the data surge problem and to enhance
the coverage of existing cellular systems, heterogeneous networks
(HetNets) are deployed in hierarchical manner, comprising of
macrocells and overlaid femtocells. A novel interference mitiga-
tion technique of Reverse Frequency Allocation (RFA) scheme is
introduced, which provides intercell orthogonality by dividing the
cell into spatial regions and optimally allocating the frequency
resources. RFA enhances the data rates of downlink femto users
by eliminating the cross-tier interference from macro base station
(MBS). In this paper, we extend the multiple region RFA scheme
in multi-cellular network to further mitigate the impact of
interference in the adjacent cells. In addition, we also develop
a hybrid RFA scheme that merges the benefits of different RFA
schemes in terms of large bandwidth and limited interference
to achieve higher data rates. Simulation results show that the
modified RFA (M-RFA) schemes exhibit superior performance
as compared to the conventional RFA schemes in terms of user-
fairness and improved sum capacity. For the evaluation of system
performance, several metrics such as outage probability, sum
rates and outage capacity have been analyzed for satisfying the
constraint of minimum capacity requirement of cell edge users.

Index Terms—5G Heterogeneous network, reverse frequency
allocation, interference, sum-rate, outage capacity.

I. INTRODUCTION

Meeting the exponential increasing demands of higher data
traffic is one of the momentous challenges that could be re-
solved by either reducing the cell sizes along with interference
minimzation algorithms or by adopting the option of additional
spectrum in the field of modern wireless communications.
According to [1], it is anticipated that the mobile data traffic of
the world will be increased by 1000 folds from 2010 to 2020,
and the origin of 80% of this traffic will be from indoors. As
the licensed frequency spectrum is limited and the existing
macrocell infrastructure all alone cannot satisfy the needs of
subscribers, the idea of heterogeneous networks (HetNets) has
been proposed in 3rd Generation Partnership Project (3GPP)
and coined forward as a potential candidate for fifth generation
(5G) communications, where femtocells are deployed along
with the existing macro cellular network and both utilize the
same licensed spectrum.

Femtocells are low-powered, relatively less complex, small-
sized base stations that are cost effective. One of the greatest
benefits of femtocells is that they can be seamlessly overlaid
with the existing cellular networks to provide efficient indoor
coverage [2]. However, coexisting infrastructure of macrocells
and femtocells gives rise to the challenge of deploying the
HetNets in such a way that cause minimum co-tier as well
as cross-tier interference [3]. In cross-tier phenomenon, the
femto user equipments (FUEs) receive tremendous amount
of interference from high-powered macro base station (MBS)
or the transmission between macro user equipments (MUE)
and MBS can be obstructed by femto base station (FBS).
Therefore, it is required to deploy the two tier network such
that the effect of interference is reduced in all scenarios.
These issues can be resolved by adopting several techniques
such as efficient power control, adjusting the transmissions of
both tiers in separate time frames or by the orthogonalization
of bandwidth resources. Some recent results of deploying
HetNets with and without millimeter spectrum are discussed
in [4]–[6].

A. Related Work

To mitigate the impact of interference, several frequency
allocation schemes have also been proposed in [7]–[9] includ-
ing static, dynamic, sub-frequency band and shared frequency
reuse strategies. In static frequency reuse scheme, there are
dedicated frequency bands for femtocells and macrocells [7],
which leads to the wastage of resources that are already scarce.
In dynamic frequency allocation scheme, the overall traffic
is being monitored by the continuous signaling between the
two tiers and the spectrum is allocated dynamically. Thus,
dynamic frequency reuse scheme behaves spectrum efficient as
compared to static scheme, but at the cost of higher complexity
and persistent signaling [8]. In shared frequency band scheme,
the whole spectrum is utilized by the two tiers, which provides
the most spectral efficient solution at the expense of strong
interference.

The shared frequency band scheme generally results in user
fairness for both macro as well as femto users because the
entire spectrum is available to both tiers, with no particular
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Figure 1: A HetNet with RFA scheme.
(The signaling colors are conversant with the spectrum colors in the Table I

Table I: Frequency Distribution in 2-RFA Scheme.

B1 B2

Inner UL
Femtocell

Inner DL
Femtocell

Outer UL
Femtocell

Outer DL
Femtocell

𝐵1𝑥 𝐵1𝑦 𝐵2𝑥 𝐵2𝑦

Outer DL
Macrocell

Outer UL
Macrocell

Inner DL
Macrocell

Inner UL
Macrocell

priority and signaling. However, because of simultaneous
transmissions in both tiers, the cross-tier interference becomes
a major concern. To cope with it, strict fractional frequency
reuse (FFR) scheme is proposed [9], in which the cell is
partitioned into two regions. A frequency reuse factor (FRF)
of unity is applied to the cell center region while higher values
of FRF are assigned to the cell edge region. In a multi-cell
FFR scenario, the cells in a cluster share the same frequency
band in their center region while the cell edge regions have
the remaining dedicated frequency bands but this scheme
is spectrally not very efficient. Another relatively efficient
scheme is the soft fractional frequency reuse (SFR) scheme,
which is similar to the strict frequency reuse scheme but in
this case, the users of both regions have the access to full
spectrum [10].

In this paper, a novel variant of shared frequency scheme has
been analyzed known as reverse frequency allocation (RFA)
scheme, which addresses the spectrum sharing challenge and
enhances the data rates of downlink FUEs. In RFA, the
cell is partitioned into non-overlapping regions and the basic
idea is to introduce the complementary spectrum allocation
between the macrocells and femtocells, i.e., the direction of
radio transmissions of macrocells is reversed and allocated
to femtocells that are in the other spatially separated area.
This potentially reduces the number of interferers and also the
prominent interference from the MBS is entirely avoided. In
[12], two region RFA is implemented on multi-cell, however,
the neighboring cells caused a great source of interference
whereas in [13], multiple region RFA in a single cell has been
simulated, however, this work did not consider the problem
of inter cell interference (ICI). We accumulate the aspects of
previous works and devise a multi-dimensional model of a
multi-cell multiple region RFA to enhance the data rates of
the network.

The rest of this paper is organized as follows. In Section II,

we discuss the frequency allocation of 2-RFA scheme, while
in Section III the system model of multi-cell multiple region
RFA is presented. In Section IV, we present the modified RFA
schemes, whereas Section V shows the details of simulation
and results. Finally, Section VI concludes the paper.

II. FREQUENCY ALLOCATION IN 2-RFA

The main drawback of FFR and SFR is that the femto users
have to face severe interference from the MBS. To avert this
problem and to use the resources intelligently, RFA scheme has
been presented in [11] and this concept is depicted in Fig. 1.
We allocate spectrum to MUEs and FUEs such that each user
receives minimum interference. For instance, in 2-RFA, where
the cell area is divided into two regions, the downlink (DL)
frequency spectrum of inner region FUEs is allocated to the
uplink (UL) outer region MUEs and the uplink frequency band
of the inner FUEs is allocated to the outer region downlink
MUEs. On the other hand, the outer UL frequency band of
FUEs is allocated to the inner DL MUEs and the outer DL
sub-band of FUEs to the inner UL MUEs. On a side role,
soft frequency reuse strategy allocates spectrum in such a
manner that the DL FUEs have to face strong interference
from the MBS whereas in RFA, the FUEs encounter cross-
tier interference from low-powered MUEs only, which reduces
the level of interference to a considerate amount. When we
evaluate the system from the downlink perspective, RFA
scheme provides lower cross-tier interference, hence better
signal-to-interference plus noise ratio (SINR) is achieved. The
frequency allocation for 2-RFA is shown in Table I.

Let 𝐹𝑖 and 𝐹𝑜 represent the number of inner and outer
region femto users respectively, whereas let 𝑀𝑖 and 𝑀𝑜 depict
the respective number of macro users. The downlink SINR of
the 𝑛𝑡ℎ FUE attached to the 𝑙𝑡ℎ FBS in the inner and outer
regions of a single cell is formulated as

Figure 2: 2-RFA in a multi-cell scenario. The cell area is
divided into two regions with frequency bands 𝐵1 and 𝐵2.

𝑆𝐼𝑁𝑅𝐷𝐿 𝐹𝑖
=

𝑃𝑛
𝑙 ∣ℎ0∣2𝑑−𝛽

Σ𝐹𝑖

𝑖=1,𝑖 ∕=𝑙𝑃𝑓𝑏𝑠𝐼𝑛𝑖 +Σ𝑀𝑜
𝑗=1𝑃𝑚𝑢𝑒𝐼𝑛𝑗 + 𝜎2

, (1)

𝑆𝐼𝑁𝑅𝐷𝐿 𝐹𝑜
=

𝑃𝑛
𝑙 ∣ℎ0∣2𝑑−𝛽

Σ𝐹𝑜

𝑖=1,𝑖 ∕=𝑙𝑃𝑓𝑏𝑠𝐼𝑛𝑖 +Σ𝑀𝑖
𝑗=1𝑃𝑚𝑢𝑒𝐼𝑛𝑗 + 𝜎2

, (2)

where 𝑆𝐼𝑁𝑅𝐷𝐿 𝐹𝑖
is the SINR of a femto user in the inner

region and 𝑆𝐼𝑁𝑅𝐷𝐿 𝐹𝑜
is the SINR of a femto user in the

outer region, ∣ℎ0∣2 is the fading channel gain between BS
and the attached FUE, which is independently and identically
distributed (i.i.d) exponential random variable with unit mean.
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Here 𝑑 is the distance between the intended user to the
transmitting BS, 𝛽 stands for path loss exponent and 𝜎2

represents the noise variance. In (1) and (2) 𝐼𝑛𝑖 , 𝐼
𝑛
𝑗 represent

the channel attenuation of interfering entities from FBS 𝑖
and MUE 𝑗 at 𝑛𝑡ℎ FUE, respectively. It can be observed
in (1) that FUEs in the inner region experience interference
only from FBS of the same region and MUE interferers of
the outer region. This is due to the fact that RFA scheme
reverses the direction of transmitting frequencies, thus, any
interference from MBS is prohibited, which otherwise is a
prominent source of degradation of SINR.

Extending the concept of 2-RFA in a multi-cellular network,
it is evident that the interference management becomes a
difficult task as the number of interferers increases drastically
and the ICI for outer region femtocells becomes inevitable.
Fig. 2 depicts the multi-cell 2-RFA scheme, and it shows the
interference during the downlink transmission would increase
many folds due to the direct obstruction from closely attached
3 macrocells, badly affecting the cell edge users [12]. This
motivates the division of a cell into further non-overlapping
regions, whereby the intercell interference can be avoided
having reduced number of users with same sub-bands, and
reducing the cell edge effects. In this paper, we alleviate
the problem of interference by dividing the macrocells into
multiple regions such as 4, 8 and 16, etc, where the users
having same sub-carriers can be placed apart, thus, the path
loss between them increases, this results in subsequently
mitigating the problem of interference.

III. SYSTEM MODEL OF K-RFA IN A MULTI-CELL

SCENARIO

We consider the downlink of a heterogeneous cellular
network consisting of macrocells, in which the circular-shaped
femtocells are uniformly distributed. The entire region of a
macrocell is partitioned into 𝑘 disjoint regions of equal area,
where

Figure 3: Frequency allocation in a single cell (4-RFA and
8-RFA).

𝑘 = 2𝑊 , such that 𝑊𝜖 and is the set of natural
numbers, hence 𝑘 = {2, 4, 8, 16}, results in 2-RFA, 4-RFA,
8-RFA and 16-RFA, respectively1. The allocated frequency
spectrum, 𝐵, is partitioned among 𝑘 orthogonal sub-bands.
Sub-carrier allocation is performed by assuming that the users
are uniformly distributed within the multiple regions of a
macrocell. We consider the in-band transmission of femtocells,
i.e., both femto and macro users utilize the same frequency

1It can be noticed that, theoretically, a higher region RFA is possible.
However, we will later show that the sum rate saturates after a particular
division. Hence, we focus on smaller value of 𝑊 , i.e., 𝑊 = 4.

spectrum. Furthermore, frequency division duplexing (FDD) is
considered, where each available sub-band further splits into
equal uplink and downlink frequency bands of 𝑥 and 𝑦, such
that 𝐵𝑡 = [𝐵𝑡𝑥

∪
𝐵𝑡𝑦]; 𝑡 = {1, 2, ....., 𝑘}.

In this paper, we adopt the same strategy of 2-RFA and
implemented into higher region RFA. In 4-RFA, the entire
spectrum is split into 4 sub-bands 𝐵1, 𝐵2, 𝐵3 and 𝐵4, in the
respective 4 regions {𝑅1, 𝑅2, 𝑅3, 𝑅4} of equal area as shown
in the left side of Fig. 3. In 𝑅1 region, one of the FBS acts
as serving BS for downlink FUE, whereas rest of the FBSs
behave as a source of interference, also the MUEs of 𝑅3 act
as interferers. Likewise, 𝑅2 DL FUEs encounter cross-tier
interference from 𝑅4 MUEs. This is due to increased path
loss that provide a negligible interference. Similarly, 𝑅3 FUEs
receive interference from 𝑅1, and 𝑅4 FUEs from 𝑅2 MUEs.
The benefit of dividing macrocells into higher regions is that
the number of FUEs and MUEs are now divided among
more regions and the reduction of number of femtocells in
a specific region utilizing the same frequency spectrum is
achieved. Hence, the cell edge interference is minimized
because none of the same frequency sub-bands is allocated in
adjacent cells, which was the case in 2-RFA multi-cell, thus
minimizing the overall system outage probability.

In case of 8-RFA, the whole area splits into 8 equal regions
and similarly the frequency spectrum is also divided as shown
in the right side of Fig. 3. In this way, the interference regions
are located farther apart, i.e., now 𝑅1 will experience cross-
tier interference from 𝑅5, 𝑅2 from 𝑅6, 𝑅3 from 𝑅7 and
𝑅4 from 𝑅8, respectively. Hence, the FUEs in every region
receive interference from a distant region as compared to
their adjacent regions. Moreover, because of reduced area,
the number of interfering users also reduces, this results in
higher SINR values. On the other hand, as the frequency
spectrum is further divided among the regions, we achieve
better coverage at the cost of sum capacity reduction. Further
reduction in average outage probability can be achieved if
we continue dividing the whole area, e.g., in 16-RFA, the
interfering regions are now far apart from each other. However,
partitioning the cell into higher regions is not a practical
solution for interference management as smaller the area of
the region, more frequent handover occurs. Similarly, accu-
rate localization systems would be required that become an
expensive solution with redundant infrastructure. Therefore,
our aim is to find an optimized scheme that divides the cell
into higher regions but also generates a notable increase in the
data rates. For K region RFA, the generalized expression of
SINR of downlink FUEs in multi-cell is expressed as

𝑆𝐼𝑁𝑅𝐷𝐿 𝐹 =
𝑃𝑛
𝑙 ∣ℎ0∣2𝑑−𝛽

Σ𝑐𝜖𝐶𝑚Σ𝐹
𝑖=1,𝑖 ∕=𝑙𝑃𝑓𝑏𝑠𝐼𝑛𝑖 +Σ𝑐𝜖𝐶𝑚Σ𝑀

𝑗=1𝑃𝑚𝑢𝑒𝐼𝑛𝑗 + 𝜎2
,

(3)
where the second summation represents the interference

caused by FBSs and MUEs from the neighboring cells and
𝐶𝑚 = {1, 2, ...., 𝐶}, is a set that represents the number
of neighboring cells. As the users at the edge experience
enormous ICI, a power factor (𝜆) is introduced to minimize
the impact of this interference.

In this way, if an MUE is located in the center region, the
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Table II: Frequency Distribution in Modified 4-RFA Method.

B1 B2

𝑅1
Femto
UL

𝑅1
Femto
DL

𝑅3
Femto
UL

𝑅3
Femto
DL

𝑅2
Femto
UL

𝑅2
Femto
DL

𝑅4
Femto
UL

𝑅4
Femto
DL

𝐵1𝑥 𝐵1𝑦 𝐵1𝑥 𝐵1𝑦 𝐵2𝑥 𝐵2𝑦 𝐵2𝑥 𝐵2𝑦

𝑅2
Macro
DL

𝑅2
Macro
UL

𝑅4
Macro
DL

𝑅4
Macro
UL

𝑅1
Macro
DL

𝑅1
Macro
UL

𝑅3
Macro
DL

𝑅3
Macro
UL

transmit power is given by 𝑃𝑖, whereas if MUE is in outer
region near the edges, the transmit power is 𝑃𝑜 = 𝜆𝑃𝑖, where
𝜆 > 1.

The average outage probability for a downlink FUE is
formulated as

Γ𝐷𝐿 = (𝑆𝐼𝑁𝑅𝐷𝐿 𝐹 < 𝛿), (4)

Therefore, the user that is in coverage must have operating
SINR greater than the predefined threshold. The achievable
sum rate at downlink FUEs can be calculated using the
Shannon-Hartley theorem given as

𝜌𝐷𝐿 = Δ𝐵𝑙𝑜𝑔2(1 + 𝑆𝐼𝑁𝑅𝐷𝐿 𝐹 ), (5)

where Δ𝐵, is the sub-carrier bandwidth that is allocated to the
users in a specific region, Δ𝐵 = 𝐵/𝑁 , where 𝐵 is the system
bandwidth, 𝑁 is the total number of sub-bands such that 𝑁 =
2𝑀 ; 𝑀 = {2, 3, 4, 5} for 2, 4, 8 and 16, RFA respectively.

IV. MODIFIED RFA SCHEMES

The focus of this work is to maximize the sum capacity
of downlink FUEs. Although the division of macrocells into
higher regions minimizes the number of interfering entities,
however, it is accompanied by the reduction of channel
bandwidth available to each user (MUE and/or FUE), as a
consequence overall throughput of the system is decreased.
Thus, in spite of simply dividing the regions and bandwidth,
we propose to allocate the frequency in an efficient manner
that can provide maximum vulnerability to interference, for
gaining desired sum rates along with minimum outage. For
instance, we can merge the benefits of both 2-RFA & 4-RFA
and devise a scheme known as modified-4-RFA (M-4-RFA). In
M-4-RFA scheme, the cell is divided into four regions, just
as we do in regular 4-RFA, however, each region now gets
co-tier interference from two regions (as opposed to single
region in 4-RFA). The femto users of region 𝑅1 receive co-
tier interference from the same region and from 𝑅3. Similarly,
cross-tier interference from 𝑅2 and 𝑅4. On the other hand, 𝑅2

FUEs experience co-tier interference from 𝑅2 and 𝑅4, whereas
cross-tier interference from 𝑅1 and 𝑅3 as explained in Table
II. The SINR of DL FUEs for this scheme can be calculated
using following expression

𝑆𝐼𝑁𝑅𝐷𝐿 𝐹 =
𝑃𝑛
𝑙 ∣ℎ0∣2𝑑−𝛽

Σ𝑐𝜖𝐶𝑚
Σ𝑢𝜖𝑅𝑢

Ψ𝑓𝑏𝑠 +Σ𝑐𝜖𝐶𝑚
Σ𝑢𝜖𝑅𝑢

Ψ𝑚𝑢𝑒 + 𝜎2
,

(6)
where 𝑅𝑢 represents the number of regions in each neigh-
boring cell, 𝐶𝑚, causing interference to the intended FUE.

Algorithm 1 Interference calculation algorithm for M-RFA.

Initialization.
A set of F FUEs, where i = {1,....,F}.
A set of FB FBSs, where j = {1,....,FB}.
A set of M MUEs, where m = {1,....,M}

Iteration
for each FUE f
FUE association with serving FBS is based on highest
received signal power strength.
Calculate the interference from FBSs and MUEs accordingly.

for i = 1 to F do
for j = 1 to FB do

s𝑖𝑗 ← matrix that contains the interference from all the
FBSs of other respective regions

if i==j then
else

e𝑖𝑗 ← matrix that contains the interference from the
FBSs of the region from which FUE belongs.

end if
end for

end for
for m = 1 to M do

U𝑚 ← matrix that calculates the interference from the
respective region MUEs to the considered FUE.

end for
Calculate the SINR according to (6).

Ψ𝑓𝑏𝑠 = Σ𝐹
𝑖=1,𝑖 ∕=𝑙𝑃𝑓𝑏𝑠𝐼

𝑛
𝑖 and Ψ𝑚𝑢𝑒 = Σ𝑀

𝑗=1𝑃𝑚𝑢𝑒𝐼
𝑛
𝑗 symbol-

ize the entities utilizing the same sub-band as the FUE of
interest, thus act as interferers. The procedure of calculating
the SINR is presented in Algorithm 1. Therefore, by adopting
this scheme, the impact of interference is little enhanced as
compared to regular 4-RFA (because of additional interfering
regions), however, the sub-carriers are divided as in 2-RFA,
hence elevating the data rates. The MUEs that share the
same sub-band have different powers and also they are moved
apart, therefore, the influence caused by the interfering cells
is reduced. The ICI when compared to regular 2-RFA is also
minimized, as the number of interfering cells in the outer
regions of the neighboring cells is reduced. Similar concept
can be applied to form M-8-RFA by dividing the cell into 8
regions and utilizing the sub-bands of 4-RFA, alternatively in
the regions of each cells. M-16-RFA can also be devised by
using sub-carriers of lower RFA schemes (4-RFA or 8-RFA).
To evaluate the performance of this hybrid scheme, we define
outage capacity, which is formulated as

𝜓 𝑜𝑡 𝐷𝐿 = (1− Γ𝐷𝐿)Δ𝐵𝑙𝑜𝑔2(1 + 𝑆𝐼𝑁𝑅𝐷𝐿 𝐹 ), (7)

and is used to capture a complete picture of system by taking
end-to-end success as well as rates into consideration.

V. SIMULATION RESULTS

In this section, we present the guidelines of proposed
multiple region RFA scheme to design the system and evaluate
its performance. The simulation environment comprises of
two tiers, hexagonal macrocells in which the circular shaped
femtocells are randomly distributed. We assumed closed sub-
scriber group (CSG), in which the MUEs are not allowed to
access the services of the respective FBSs. For simplicity,
it is assumed that one FUE is associated to each FBS. The
path loss exponent, 𝛽, for MUE and FUE is taken as 2.5
and 2, respectively. The density of MUEs is supposed to be
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three times greater than that of FUEs is each region. Unless
otherwise mentioned, we assume the simulation parameters
that are listed in Table III.

Table III: Simulation Parameters.

Parameters Values

System Bandwidth 10 MHz
Macrocell radius 2 km
Femtocell radius 50 m
Thermal noise -174 dBm/Hz

FBS power 23 dBm
FUE power 23 dBm
MBS power 43 dbm

Max. MUE power 23 dbm

Fig. 4 represents the average outage probability of 2-RFA,
4-RFA, M-4-RFA, 8-RFA and 16-RFA, in single cell (SC)
and multi-cell (MC) scenarios. The figure shows the effects
of cell-edge interference and validates the point that influence
of intercell interference in 2-RFA is much larger than the rest
of the RFA schemes. Also the hybrid M-4-RFA scheme has
a little greater interference than the regular 4-RFA scheme
due to enhanced interfering cells. However, it can also be
noticed, as we move to higher region RFA, the gap between
outage probability of SC and MC reduces because of increased
separation among the users, utilizing same sub-band.

The sum capacity of varying number of users in multi-cell
is projected in Fig. 5. The gains of proposed scheme in terms
of throughput are quite obvious from this figure. It can be
observed that the throughput of M-4-RFA scheme is highest
among all, as the sources of interference are moved apart,
compared to the baseline scheme (2-RFA) that has the highest
bandwidth. It is worth mentioning that the proposed modified
scheme takes the advantage of 2-RFA and 4-RFA, in terms
of bandwidth and partitioning of cells into higher regions,
respectively. Moreover, 2-RFA does not provide user fairness,
especially to the cell edge users, as the impact of ICI is severe.
Whereas, M-4-RFA scheme does not only provide substantial
data rate gains over all the other RFA schemes, in addition, it
offers considerate higher rates to the cell edge users.

In consideration of random channel conditions and varying
traffic load, the performance metrics of this two tier system
are formulated accordingly. For example, for dense traffic load
conditions, it is required to enhance the spectral efficiency
of system, however, for the dense networks, the problem of
outage is also prominent. Our performance metric is outage
capacity that provides user fairness, as indicated in (7). 2-RFA
scheme provides channel fairness, as a consequence, the cell
edge users do not achieve favorable data rates, whereas M-4-
RFA is a scheme that provides fairness to all the users. As
depicted in Fig. 6, for 512 users, where the density of MUEs
is three times greater than that of FUEs, it can be observed
that the M-4-RFA provides 10.5% higher outage capacity as
compared to baseline scheme, which validates that at higher
user density, hybrid RFA scheme outperforms the 2-RFA in
terms of data rates as well as outage probability.

The comparison between various M-RFA schemes is given
in Fig. 7. As it is stated previously, by combining the benefits
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Figure 4: Outage probability of various RFA schemes in single
cell and multi-cell scenarios.
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Figure 5: Sum-rate capacity analysis for varying number of
downlink FUEs in multi-cell.

of different RFA schemes, we can gain better rates. We
have compared modified 4 and 8 RFA schemes with the
conventional 2-RFA scheme. In order to observe the behavior
of prominent interference from the neighboring regions, the
radius of macrocells is assumed to be 1 Km. Fig. 8 shows that,
at a very dense user population, higher region M-RFA schemes
show better performance, for example, at user density of 1024,
M-8-RFA provides 42.13% gain as compared to 2-RFA and
8.4% higher outage capacity than M-4-RFA. However, this
gain is achieved at the cost of higher complexity and challenge
of dealing the frequent handoffs. Therefore, we do not need to
divide the cell into higher regions, instead M-4-RFA scheme
can provide substantial data rates even at a dense number of
users. Thus, it can be concluded that, it is not required to opt
for higher region modified RFA schemes, as these schemes
provide minimal increase in throughput with much higher
resource consumption.
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Figure 6: Outage capacity of downlink FUEs in multi-cell.
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Figure 7: Outage capacity comparison of various modified
RFA schemes with 2-RFA scheme in multi-cell.

VI. CONCLUSION

Deployment of heterogeneous networks has provided a
paradigm shift for elevating data rates to the subscribers,
however, addressing the sources of interference, causing per-
formance degradation, becomes a major concern. RFA is a
resilient technique for the elimination of severe cross-tier
interference from MBS to FUEs, as a consequence, a signifi-
cant increase in the data rates is experienced. We proposed
the implementation of a K-region RFA scheme in multi-
cellular network to minimize the effect of ICI. Moreover,
the performance of the network can be further intensified by
combining several RFA schemes into single network to form
M-RFA scheme that provides fairness along with improved
data rates to the users, in particular, to the cell edge users. It
can thus be concluded that M-RFA schemes offer significant

margin in outage capacity, which is verified for different user
densities as well as by varying the threshold values. However,
optimizing the handoff mechanism when users move from one
region to another and implementation of sectors within the
cell to further reduce the density of interferers is left as future
extension.
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