
Article

Performance Analysis of Heterogeneous Networks in
presence of Deliberate Jammers using Reverse
Frequency Allocation

Muhammad Ihsan Ur Rehman1 ,Muhammad Qasim2,Abdul wakeel3 ,Mehmood Alam4 , Mir Yasir
Umair 5

1 Department of Electrical Engineering , Military College of Signals(MCS) , National University of Sciences and
Technology(NUST),Adiala Road, Lalazar, Rawalpindi,46000, Pakistan; ehsan.rehman333@gmail.com

2 Department of Electrical Engineering , Military College of Signals(MCS) , National University of Sciences
and Technology(NUST),Adiala Road, Lalazar, Rawalpindi,46000, Pakistan; mqasim4@gmail.com

3 Department of Electrical Engineering , Military College of Signals(MCS) , National University of Sciences
and Technology(NUST),Adiala Road, Lalazar, Rawalpindi,46000, Pakistan; awakeel@mcs.edu.pk

4 Department of Electrical Engineering , Military College of Signals(MCS) , National University of Sciences
and Technology(NUST),Adiala Road, Lalazar, Rawalpindi,46000, Pakistan; mehmood.alam@mcs.edu.pk

5 Department of Electrical Engineering , Military College of Signals(MCS) , National University of Sciences
and Technology(NUST),Adiala Road, Lalazar, Rawalpindi,46000, Pakistan; miryasir@mcs.edu.pk

Version September 2, 2021 submitted to Journal Not Specified

Abstract: The demand of high data rate and ubiquitous coverage in heterogeneous cellular (HetNets)1

is increasing progressively. In order to meet this demand, sophisticated model having applied2

interference reduction scheme and cell association technique is needed. The small base station (sBS3

are deployed inside the broadcasting area of macro base station (mBS), in heterogeneous cellular4

networks (HetNets). Since mBS has high transmission power therefore a large number of users5

get connected with mBS. This causes disproportion of load distribution across the HetNets. For6

load balancing users from high power mBS are migrated to low power sBS to increase network7

capacity and to decrease the load from mBS. This results in interference in the communication signal8

because of strong mBS Interference. Hence, we need interference management technique to mitigate9

interference and user association and to efficiently use sBSs’ resources. Inter-cell interference (ICI)10

limit the HetNets’ performance. Additionally, there exist deliberate jamming interference which11

depends on jammers transmission power and its proximity with the target, which notably degrades12

the network performance. In this paper, we employ reverse frequency allocation scheme (RFA) to13

reduce inter cell interference, deliberate jamming interference and to accomplish load balancing. The14

proposed setup is analyzed inquisitively and with the help of simulations. The result shows reduction15

in interferences as well as balance of load distribution in the network achieved by employing RFA16

scheme together with cell association.17

Keywords: Heterogeneous Cellular Networks,Deliberate Jamming, Inter-cell Interference,18

Independent Homogenous Poisson Point Process, Coverage Probability, Reverse Frequency19

Allocation20

1. Introduction21

1.1. Motivation22

As the number of cellular users are increasing, hence the need of higher bandwidth, higher23

capacity and ubiquitous coverage is also increasing. Therefore, wireless data networks are slowly24
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Figure 1. The suggested two tier HetNet System Model with RFA and Deliberate jamming.

evolving to adjoin the requirements [1]. In modern times deliberate jamming (DJ) is also an issue. It25

can be used for distributed denial of service attack in cellular networks. For such purpose, the assailant26

must have information about the networks characteristics such as transmission power duration and27

position. So that with the help of this information legitimate communication of network can be28

disrupted.29

The suggested work investigates the uplink broadcasting recital of HetNets in ubiquity of both30

deliberate jamming interference and (ICI). To reduce deliberate jamming interference and ICI, reverse31

frequency allocation is implemented that is a dynamic interference receding strategy.32

To facsimile the locations of base stations, Poisson point process (PPP) has been suggested because of33

its precision and complaisant. The positions of users and macro base stations (mBSs) are marked by34

using independent homogeneous Poisson Point Process (IHPPP).35

Since orthogonal frequency Division multiplexing (OFDM) is used in (HetNets) therefore system36

experience inconsequential intra cell interference however ICI persists the leading factor restricting the37

performance [2,3]. In Non Uniform HetNets (NU-HetNets) sBSs positioned by using Poisson Hole38

process while users and mBSs are positioned using (IHPPP). NUHetNets ameliorate the performance39

of network coverage by alleviating ICI [4].40

Many interference alleviating setups, for instance soft frequency reuse (SFR)[5] and fractinal41

frequency reuse (FFR)[6], were researched. Since SFR system employs frequency reuse therefore it42

yields higher spectral efficiency and while FFR system employs partitioning [7] a usable bandwidth43

therefore it yields reduced interference. Reverse frequency allocation [2,6] which is a dynamic resource44

management system accessible at avant-garde. RFA make utmost bandwidth in a cell utilizable for45

mBS as well as sBS. Therefore, RFA has better spectral efficiency than SFR and FFR. The suggested46

work will implement RFA in HetNets to alleviate ICI and deliberate jamming interference therefore47

improving uplink (UL) broadcasting recital in HetNets. This suggested network composition by48

alleviating ICI and deliberate jamming interference in HetNets yields higher network capacity49
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Table 1. List of abbreviations

Abbreviations Description

HetNet Heterogeneous Cellular Network
IJs Deliberate Jammers
DJs-I Deliberate Jammers Interference
ICI Inter Cell Interference
sBS Small Base Station
UL Uplink
mBSs Macro Base Stations
RFA Reverse Frequency Allocation
U-HetNet Uniform Heterogeneous Cellular Network
NU-HetNet Non Uniform Heterogeneous Cellular Network
FFR Fractional Frequency Reuse
SFR Soft Frequency Reuse
DL Downlink
M-EUs MBS edge-users
SIR Signal-to-interference ratio
LT Laplace transform
IHPPP Independent Homogeneous Poisson Point Process

1.1.1. Proposed Work50

This suggested paper implements RFA in HetNets to alleviate DJs-I and ICI to enhance the51

broadcasting recital in HetNets. This network framework yields higher network capacity by efficiently52

alleviating DJs-I and ICI in HetNets. The used index of abbreviations in Table 1 and notations in Table53

2 is given as:54

1.2. Related Work55

In [8] the author have studied different kinds of jamming attacks these jammers such as56

equalization jammers , automatic gain control jammers ,wide band jammers and partial band57

jammers have been thoroughly studied . In [9], the authors have studied multiple input and multiple58

output (MIMO) networks in residence of advanced jamming attacks. The results indicate that recital59

mortification in network recital because of jammers transmission power increment. The mBS coverage60

area has been splitted into two sub areas that is outer cell area and inner cell area in [10] for the better61

analysis of coverage probability in these areas. The users migrating in inner cell area faces severe62

interference because of proximity to mBS and the users located in outer cell area experience low SINR63

because of their far-flung position [10].Since mBS has strong signal transmission therefore sBSs situated64

in the inner cell area of mBS have truncated broadcasting region [10].65

To utilize RFA in HetNets, two nonintersecting areas have been modeled from broadcasting66

area of mBs having inner and outer areas [10,11].The author in [10] implements RFA along with load67

balancing to reduce ICI. The outcome suggest notable broadcasting recital boost for mBS edge user.68

The authors have studied NU-HetNets accompanied by SFR in [9]. Authors have derived coverage69

probability expressions for U-HetNets as well as NU-HetNets. The result indicate notable boost in70

broadcasting area because of implicit reduction in ICI.71

One of the interference reduction procedures includes fractional frequency reuse (FFR) [12], in72

which the whole available spectrum is partitioned into multiple sub spectra for reduction in ICI and to73

boost broadcasting recital. This method is ineffective because of partitioning of spectrum. The authors74

have proposed another procedure of Soft Fractional frequency reuse in [13] that is more coherent75

technique than FFR.76

To utilize RFA in HetNets and its worthwhile recital assessment two non-intersecting areas have77
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Table 2. Symbols summary

Symbols Explaination

ϕS,ϕM, ϕu, ϕJ IHPPPs of sBSs, mBSs, users,
and DJs,

β The path loss exponent
∀ βM = βS = β,and β > 2

d1, d2 The radius of Ac
M and Ao

M
respectively

ϕs, ϕm and ϕj The densities of sBSs, mBSs
and IJs

κM SIR threshold
ν Classical end User
∗ Represents RFA deployment
γ◦ Ratio of Pt,M and PUL

t,ν
γ1 Ratio of Pt,S and PUL

t,ν
γ2 Ratio of Pt,J and PUL

t,ν
γ3 Ratio of PDL

t,S and PUL
t,ν

been established from broadcasting area of mBS, having central area, Ac
k, and outward region, Ao

k,78

∀k ∈ {M, S} [14,15]. The writers in [15], have utilized load balancing with RFA to alleviate ICI.By using79

the suggested setup, the results indicates the significant improvement in coverage performance for80

MBS edge user .81

This suggested work differ in these ways:82

1. In [7,16] authors have investigated disparate jamming attacks in disparate networks; however,83

their study lacks in assessment of deliberate jamming in HetNets. Hence deliberate jamming in84

HetNets has been discussed in this work.85

2. In [4,5,8,10,17] the authors have explored RFA in HetNets and reduction of ICI. However their86

study lack lacks in assessment of RFA in reduction of deliberate jamming interference. Hence87

RFA is discussed in this work for the reduction of ICI and deliberate jamming interference.88

3. In [4,17,18] downlink coverage has been investigated while this work focuses on analysis of89

factors that affect uplink coverage of mBS edge users.90

1.3. Contributions and Objectives91

This paper contributes in the following areas:92

1. Study of interference originated by deliberate jamming in HetNets.93

2. Use of RFA scheme to reduce ICI and deliberate jamming interference for enhancement of94

network recital gain.95

3. Analysis of coverage probability and study of SINR threshold, signal to noise ratio SNR, mBS96

and sBS densities.97

4. Study of Uplink coverage.98

5. Study of RFA scheme with simulation scenarios.99

The rest of the work is categorized in the following: Sec. 2 follows about system representation.100

The coverage probabilities derivations have been studied in Sec. 3. Sec. 4 discusses the results of the101

suggested system. The last Sec. 5, finishes the paper.102

2. System Model103

We will be implemented RFA while considering the deployment of sBS in the broadcasting region104

of mBS. Moreover interference mitigation in network layout schemes have been introduced along with105
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Figure 2. The two-tier HetNet representation along with RFA.

deliberate jamming mechanism. Moreover, mathematical preliminaries which are acquired here, are106

also utilized in Sec. 3 for derivation of coverage probabilities.107

2.1. Network Layout and Assumptions108

HetNets facsimile having two levels has been proposed having users, DJs, sBSs and mBSs. The109

users, DJs,sBSs and mBSs are modeled via IHPPPs with densities ϕu, ϕJ, ϕS and ϕM, respectively.In110

the legitimate communication band DJs disseminate undesirable energies which abase network recital.111

.For the reduction of DJs-I and ICI, a dynamic interference reduction method RFA is enlisted. For the112

review, a classic user is supposed . β indicates path loss constant while |h| represents Rayleigh fading113

gain. User interrelation has been achieved by using maximum power scheme technique [19].114

2.2. Deliberate Jamming Apparatus115

Deliberate jammers (D-js) introduce interference in the permissible transmissions and thus116

reduced network coverage[7]. D-js distributed randomly using IHPPP in the mBS broadcasting area.117

Since mBS edge users are located at a great distance from mBS, thus experience critical degradation in118

network performance also ICI is a network degrading element. Thus D-js jam desired communication119

frequency. By increasing, D-js and their transmission range, UL of M-EUs in HetNets can entirely be120

jammed.121

122

2.3. Use of Reverse Frequency Allocation123

In SFR, the frequency band is further partitioned in two sub-bands. One of the sub band is124

assigned to the users and sBSs in mBS that located in center region and the second sub band assigned125

to sBS and the users in the outer region [5]. RFA is the advanced form of SFR having enhanced126

broadcast recital[20].In RFA frequency sub band are additionally divided into uplink and downlink127

frequency as compared to SFR. This permits notable interference mitigation as compared to SFR128

[17,20]. The radio relay direction of sBS are allocated in reverse direction as compared to mBS.The129

mBS DL frequencies are assigned to the UL of sBSs, while mBS UL frequencies are assigned to the DL130

of sBSs [21].The RFA significantly increases the network capacity of the mBS coverage area when this131
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form of frequency allocation apparatus is used. As a result, RFA efficiently reduced the interference in132

this way and improves spectral efficiency as well as network coverage.The allocation of frequency133

resources is perfect, resulting in less co-tier and cross-tier interference and a higher data rate. [22].134

In RFA no predetermined spectrum is allotted to sBS therefore it mitigates interference and135

increases coverage area. By introducing RFA the complete spectrum of mBS is made accessible to sBSs136

in non-intersecting areas but in reverse direction.137

138

From the Fig. 2, For RFA, the sub bands are in reverse order used in mBSs and sBSs that is Ag
l139

∀ l ∈ (M, S) and g ∈ (c, o)[23].140

For the implementation of RFA,the allotted frequency F, is further divided in two sub bands, F1141

and F2, such that F =
⋃

z∈(1,2) Fz, as represented in Fig. 2. F1 and F2 are additionally partitioned in UL142

and DL sub-carriers. These sub bands are categorized as F1 = F1,UL + F1,DL and F2 = F2,UL + F2,DL.143

3. Analysis of Coverage Probability144

Since ν is situated in Ac
M and Ao

M so here in this segment expression of coverage probabilities for145

cited below network frameworks are extricated.146

1. Evaluation of UL in case of DJs without RFA in terms of coverage probabilities.147

2. Evaluation of UL in case of DJs with RFA in terms of coverage probabilities.148

3.1. Evaluation of UL in case of DJs without RFA in terms of coverage probabilities149

For the disruption of uplink communication of M-EU in HetNets , DJ-s are positioned identically150

around mBS broadcasting region by using IHPPP. The limiting factors of efficiency in such networks151

are DJS-I and ICI. Thus the equation for uplink coverage probability , PUL
Ac

M
(κM), for mBS accompanying152

ν in Ac
M without RFA and in the presence of DJ-s can be given as153

PUL
Ac

M
(κM) = P

(
SIRUL

M > κM

)
. (1)

Here, κM is UL SIR threshold.Moreover SIRUL
M represents the received UL SIR. SIRUL

M from154

equation (1) it can be found as155

SIRUL
M =

PUL
t,ν |hM|2r−β

M
IM,A + IS,A + IJ,A

,

=
PUL

t,ν |hM|2r−β
M

∑
l∈φM

Pt,l |hl |2r−β
l + ∑

k∈φS

Pt,k|hk|2r−β
k + ∑

j∈φJ

Pt,j|hj|2r−β
j

. (2)

In eq(2), the interference of UL in Ac
M is the total number of mBS-tier interferences. IM,A, sBS-tier IS,A,156

and of DJs, IJ,A. r−β

(•)
represents the separation from either BS or DJs. However, PUL

t,ν represents the157

power transmitted in UL.While Pt,k, Pt,l and Pt,j represents the powers transmitted of sBSs, mBSs and158

DJs . ϕS, φM and ϕJ represents the IHPPPs of sBSs, mBSs and DJs. However, A represents the mBS159

broadcasting region, A = Ac
M
⋃

Ao
M.Using (2), (1) can be written as160

PUL
Ac

M
(κM)

(1)
= P

(
PUL

t,ν |hM|2r−β
M

IM,A + IS,A + IJ,A
> κM

)
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(2)
= ErM,IM,A ,IS,A ,IJ,A

[
exp

(
−

rβ
MκM

PUL
t,ν

(
IM,A + IS,A + IJ,A

))]
(3)
= ErM,IM,A ,IS,A ,IJ,A

[
exp

(
−s
(

IM,A + IS,A + IJ,A
))]

(4)
= ErM

[
EIM,A exp (−s (IM,A))× EIS,A exp (−s (IS,A))× EIJ,A exp

(
−s
(

IJ,A
))]

(5)
= ErM

[
LIM,A (s)×LIS,A (s)×LIJ,A (s)

] ∣∣∣∣
s=

rβ
MκM

PUL
t,ν

. (3)

Here, LIM,A (s) ,LIS,A (s) , and LIJ,A (s) represents the laplace transform (LT) of IM,A, IS,A, and IJ,A.161

E [•] represents the expectation of LTs.162

From the above equation (3), step (1) is acquired by the coverage probability defination [15]. And the163

step (2) is acquired from the definition of void probability of independent homogenous poisson point164

process.Step (3) is derived by substituting the value of s into step (2) where s is
rβ

MκM

PUL
t,ν

. However, step165

(4) is derived from the defination of exponential property , i.e., exp(a + b) = exp(a)× exp(b). Step (5)166

is eventually inferred from Step (4) via the LT defination (see (2.12) of [24]).167

The Laplace transform obtained by the mbs tier looks like this., LIM,A (s), in A, is calculated168

LIM,A (s) = exp

(
ϕMπγ◦κMd(2−β)

2 rβ
M

β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−γ◦κM

(
rM

d2

)β
)
−

ϕMπγ◦κMy(2−β)rβ
M

β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−γ◦κM

(
rM

y

)β
))

. (4)

Proo f : The proof of (4)is given in Appendix A . In equation (4), γ◦ is the correlation of Pt,M and PUL
t,ν ,169

where Pt,M represents the power transmitted by mBS-tier.170

171

By applying the similar method in (4), A is calculated by using the interference LT obtained from
the sBS, LIS,A (s)

LIS,A (s) = exp

(
ϕSπγ1κMx(2−β)

2 rβ
M

β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−γ1κM

(
rM

x2

)β
)
−

ϕSπγ1κMx(2−β)
1 rβ

M
β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−γ1κM

(
rM

x1

)β
))

. (5)

Here, γ1 is ratio of Pt,S and PUL
t,ν , where Pt,S is the power transmitted by sBS.

By applying the similar technique of (4), the interference LT obtained from the DJs, LIJ ,A (s), in A,
can be represented as follows

LIJ,A (s) = exp

(
ϕJπγ2κMz(2−β)

2 rβ
M

β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−γ2κM

(
rM

z2

)β
)
−

ϕJπγ2κMz(2−β)
1 rβ

M
β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−γ2κM

(
rM

z1

)β
))

. (6)

Here, γ2 is the ratio of Pt,J and PUL
t,ν where Pt,J is transmitted power of DJs and z1 and z2 represents172

the jamming areas of the jammers, s.t., z1 ≤ z2.173
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PUL
Ac

M
(κM)=

2πϕM

1−exp
(
−ϕMπd2

1
)
∫

d1

y
exp

(
πκMrβ

M
β/2− 1

[
ϕMγ◦d

(2−β)
2 J

(
β,−κMγ◦

(
rM

d2

)β
)
−ϕMγ◦y(2−β)J

(
β,−κMγ◦

(
rM

y

)β
)
+

ϕSγ1x(2−β)
2 J

(
β,−κMγ1

(
rM

x2

)β
)
− ϕSγ1x(2−β)

1 J
(

β,−κMγ1

(
rM

x1

)β
)
+ ϕJγ2z(2−β)

2 J
(

β,−κMγ2

(
rM

z2

)β
)
−

ϕJγ2z(2−β)
1 J

(
β,−κMγ2

(
rM

z1

)β
)]
− ϕMπr2

M

)
rMdrM. (11)

PUL
Ao

M
(κM)=

2πϕM

exp
(
−ϕMπd2

1
)
∫

d2

d1

exp

(
πκMrβ

M
β/2− 1

[
ϕMγ◦d

(2−β)
2 J

(
β,−κMγ◦

(
rM

d2

)β
)
−ϕMγ◦y(2−β)J

(
β,−κMγ◦

(
rM

y

)β
)

+ϕSγ1x(2−β)
2 J

(
β,−κMγ1

(
rM

x2

)β
)
− ϕSγ1x(2−β)

1 J
(

β,−κMγ1

(
rM

x1

)β
)
+ ϕJγ2z(2−β)

2 J
(

β,−κMγ2

(
rM

z2

)β
)
−

ϕJγ2z(2−β)
1 J

(
β,−κMγ2

(
rM

z1

)β
)]
− ϕMπr2

M

)
rMdrM. (12)

ν is situated in Ac
M or in Ao

M (represented as νAc
M

and νAo
M

, respectively), whereas corresponding174

the distance of mBS rM,ν, having PDFs of distances as (7) and (8) [25] [20]175

frM|νAc
M
(rM) =

2πϕMrMexp
(
−ϕMπr2

M
)

1− exp
(
−ϕMπd2

1
) , (7)

and

frM|νAo
M
(rM) =

2πϕMrMexp
(
−ϕMπr2

M
)

exp
(
−ϕMπd2

1
) . (8)

Without RFA utilization UL coverage probability expression, PUL
Ac

M
(κM), for MBS associated ν in

Ac
M whereas contemplating uniform IJs distribution, given as

PUL
Ac

M
(κM) =

∫ d1

y
LIM,A (s)×LIS,A (s)×LIJ,A (s) frM,ν |νAc

M
(rM,ν) drM,ν. (9)

By putting values of (4), (5), (6) and (7) into (9), PUL
Ac

M
(κM) is written as (11).176

Likewise,without RFA utilization for he uniformly distributed DJs , the UL coverage probability
equation, PUL

Ao
M
(κM), for mBS corresponded ν in Ao

M can be obtained as

PUL
Ao

M
(κM) =

∫ d2

d1

LIM,A (s)×LIS,A (s)×LIJ,A (s) frM,ν |νAo
M
(rM,ν) drM,ν. (10)

By putting (4), (5), (6) and (8) in (10), PUL
Ao

M
(κM) is written as (12).177

3.2. Evalution of UL in presence of Djs with RFA in terms of coverage probability178

The equation of UL coverage probability, PUL,∗
Ac

M
(κM), with DJs and RFA whereas supposing ν in179

Ac
M is written as180

PUL,∗
Ac

M
(κM) = P

(
SIRUL

M > κM

)
. (13)
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While deploying RFA the experienced UL interference consist of mixture of UL interference by181

the mBS-tier in Ac
M, i.e., IUL

φM,Ac
M

,interference by the sBS-tier DL in Ao
M, i.e., IDL

φi ,Ao
M

, and DJs interference,182

i.e., IJ,A. Hence, SIRUL
M from (13) can be obtained as183

SIRUL
M =

PUL
t,ν |hM|2r−β

M

IUL
φM,Ac

M
+ IDL

φS,Ao
M
+ IJ,A

. (14)

Equation (14) can be expanded as

SIRUL
M =

PUL
t,ν |hM|2r−β

M

∑
l∈φM

PUL
t,l |hl |2r−β

l + ∑
k∈φS

PDL
t,k |hk|2r−β

k +∑
j∈φJ

Pt,j|hj|2r−β
j

. (15)

In the above expression, the transmitted power of ν in mBS UL is, PUL
t,l , the transmitted power in184

SBS DL is PDL
t,k , and the transmitted power of IJs is Pt,j. Further more, by substituting equation (14) in185

equation (13), the value of PUL,∗
Ac

M
(κM) can be obtained as186

PUL,∗
Ac

M
(κM) = P

 PUL
t,ν |hM|2r−β

M

IUL
φM,Ac

M
+ IDL

φS,Ao
M
+ IJ,A

> κM


= ErM,IUL

φM,Ac
M

,IDL
φS,Ao

M
,IJ,A

[
exp

(
−

rβ
MκM

PUL
t,ν

(
IUL
φM,Ac

M
+IDL

φS,Ao
M
+IJ,A

))]

= ErM

[
LIUL

φM,Ac
M

(s)×LIDL
φS,Ao

M

(s)×LIJ,A (s)
] ∣∣∣∣

s=
rβ

MκM

PUL
t,ν

. (16)

The laplace transformation of UL interference in mBS in Ac
M, which is, LIUL

φM,Ac
M

, can be obtained as187

LIUL
φM,Ac

M

= exp

(
ϕMπκMd(2−β)

1 rβ
M

β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−κM

(
rM

d1

)β
)
−

ϕMπκMy(2−β)rβ
M

β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−κM

(
rM

y

)β
))

. (17)

Proo f : The proof of (17) is given in Appendix B .188

However,DL interference LT of the sBS region in Ao
M, i.e., LIDL

φS,Ao
M

, may be obtained likewise as in (17),189

and is written as190

LIDL
φS,Ao

M

= LIDL
φS,Ac

M

= exp

(
ϕ
′
Sπγ3κMx(2−β)

2 rβ
M

β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−γ3κM

(
rM

x2

)β
)
−

ϕ
′
Sπγ3κMx(2−β)

1 rβ
M

β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−γ3κM

(
rM

x1

)β
))

. (18)
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PUL,∗
Ac

M
(κM) =

2πϕM

1− exp
(
−ϕMπd2

1
)
∫

d1

y
exp

(
πκMrβ

M
β/2− 1

[
ϕMd(2−β)

1 J
(

β,−κM

(
rM

d1

)β
)
−ϕMy(2−β)J

(
β,−κM

(
rM

y

)β
)
+

ϕ
′
Sγ3d(2−β)

2 J
(

β,−κMγ3

(
rM

d2

)β
)
− ϕ

′
Sγ3d1

(2−β)J
(

β,−κMγ3

(
rM

d1

)β
)
+ ϕJγ2d(2−β)

2 J
(

β,−κMγ2

(
rM

d2

)β
)
−

ϕJγ2y(2−β)J
(

β,−κMγ2

(
rM

y

)β
)]
− ϕMπr2

M

)
rMdrM. (20)

PUL,∗
Ao

M
(κM) =

2πϕM

exp
(
−ϕMπd2

1
)
∫

d2

d1

exp

(
πκMrβ

M
β/2− 1

[
ϕMd(2−β)

2 J
(

β,−κM

(
rM

d2

)β
)
−ϕMd1

(2−β)J
(

β,−κM

(
rM

d1

)β
)
+

ϕ
′
Sγ3d(2−β)

1 J
(

β,−κMγ3

(
rM

d1

)β
)
− ϕ

′
Sγ3y(2−β)J

(
β,−κMγ3

(
rM

y

)β
)
+ ϕJγ2d(2−β)

2 J
(

β,−κMγ2

(
rM

d2

)β
)
−

ϕJγ2y(2−β)J
(

β,−κMγ2

(
rM

y

)β
)]
− ϕMπr2

M

)
rMdrM. (21)

Here, LIDL
φS,Ao

M

= LIDL
φS,Ac

M

because ϕS in Ac
M is nearly equal to ϕS in Ao

M. γ3 is ratio of PDL
t,S and PUL

t,ν191

where PDL
t,S is the DL power transmitted in SBSs.192

By using equation (17), LT of mBS DL interference in Ao
M,that is , LIUL

φM,Ao
M

, is obtained as193

LIUL
φM,Ao

M

(s) = exp

(
ϕMπκMd(2−β)

2 rβ
M

β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−κM

(
rM

d2

)β
)
−

ϕMπκMd(2−β)
1 rβ

M
β/2− 1 2F1

(
1, 1− 2

β
, 2− 2

β
,−κM

(
rM

d1

)β
))

. (19)

UL coverage probability expression, PUL,∗
Ac

M
(κM), for correlated ν in mBS Ac

M whereas imagining194

uniform deployment of DJs and RFA can be obtained as195

PUL,∗
Ac

M
(κM) =

∫ d1

y
LIUL

φM,Ac
M

(s)×LIDL
φS,Ao

M

(s)×LIJ,A (s) frM,ν |νAc
M
(rM,ν) drM,ν. (22)

By putting values from (6), (7), (17) and (18), in (22), PUL,∗
Ac

M
(κM) is expressed as (20).196

Therefore, UL coverage probability equation, PUL,∗
Ao

M
(κM), for ν correlated with mBS in Ao

M, with
uniform deployment of DJs and RFA , can be obtained as

PUL,∗
Ao

M
(κM) =

∫ d2

d1

LIUL
φM,Ao

M

(s)×LIDL
φS,Ac

M

(s)×LIJ,A (s) frM,ν |νAo
M
(rM,ν) drM,ν. (23)

By placing the (6), (8), (18) and (19) in (23), PUL,∗
Ao

M
(κM) is represented as (21).197

4. Results and Discussion198

We discusses the conclusions of UL coverage probability in this portion for the user ν ,assuming199

(i) Using RFA to cover a DJ’s distribution region, the Uplink coverage against radius and (ii)Without200

using RFA to cover a DJ’s distribution region, the Uplink coverage against radius.The results obtained201
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Figure 3. UL coverage versus κM and ϕJ in Ao
M.

Figure 4. Using RFA to cover a DJ’s distribution region, the Uplink coverage against radius .

by using the Matlab 2019b.The sBSs, mBSs and users are considered as A = π(2000 m)2,such that,202

A = Ac
MUAo

M. Additionally, the transmitted powers of sBS, mBS, DJs,and ν are considered as 20 dBm,203

30 dBm, 10 dBm, and 10 dBm, respectively. While assuming ν in Ao
M the consequences of network204

parameters such as PUL
t,ν , ϕJ , ϕM, ϕS, κM, and Pt,J , are examined for the coverage in UL.The parameters205

for the simulation for the suggested network are catalogued in Table 3.206

207

The simulated and numerical results for UL coverage probability are shown in Fig. 3 which208

compares different values of Ao
M versus κM. The results indicate that higher valus of ϕJ causes higher209

DJs-I and lower UL coverage. RFA reduces effective interference of sBSs Moreover, the results indicate210

that by the deployment of RFA, the network significantly improves coverage either in presence or211

absence of DJs.212

213

The chance of coverage probabilities in Ao
M versus various values of SIR threshold κM and ϕJ are214

compared in Fig. 3 .It is generated for ϕJ = 0,5,10,15, 20, 25. This figure shows by deploying RFA,215

coverage improves. This is because of efficient use of resource and effective reduction of interference216
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Figure 5. Without using RFA to cover DJ’s distribution region,the Uplink coverage against radius .

Figure 6. DJs distribution area, with the deployment of RFA,the UL coverage versus radius

due to RFA. By improving the value of ϕJ UL coverage severely degrades because of significant217

increase in DJS-I.218

219

The coverage probabilities of UL in AM versus DJs distribution area,considering κM = -40 dB and220

ϕJ = 10, 20, 30, 40 and 50,have been shown in Figs. 4 and 5.The result indicates Improved UL coverage221

by increasing distribution area of DJs because of less DJs number per unit area. Thus, creating the222

DJs less efficient while considering their power transmission constant. Moreover, by efficient resource223

allocation with the employment of RFA, hence improves the UL coverage.224

Similarly, the coverage probabilities of UL in Ao
M against different DJs distribution area radius,225

considering ϕJ = 60 and κM = -60, -40, 0 and 20 dB have been shown in the Figs. 6 and 7. The226

result shows improved UL coverage because of lower DJs-I and increased in distribution areas of227

ϕJ .Hence the results indicate higher value ofκM significantly reduces UL coverage because of lower228

user associations.229
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Figure 7. DJs distribution area, without RFA,the UL coverage versus radius

Figure 8. Path loss exponent vs Coverage Probability.

The β is the path loss exponent while PC is the coverage probability. The Figs. 8 represents as230

the path loss exponent increases the coverage probability decreases while when the value of path loss231

decreases the coverage probability increases.232

5. Conclusion233

In HetNets ICI is the main element that restrict system recital. The situation worsens because234

of existence of deliberate jamming. In this paper deliberate jammers are placed around the vicinity235

of target. The results are originated by scrutinizing disparate network parameters including user236

transmit power ,radius of jammers ,transmitter power of sBS and mBS and SINR threshold in case237

of deploying RFA and not deploying RFA. The results suggest that UL coverage is notably lessen by238

deliberate jammers density and transmission power. The results indicate a substantial improvement in239

UL coverage by applying RFA.240

Appendix A Proof of the Laplace Transform of (4)241

Proof of (4):242

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 September 2021                   doi:10.20944/preprints202109.0146.v1

https://doi.org/10.20944/preprints202109.0146.v1


Version September 2, 2021 submitted to Journal Not Specified 14 of 17

Table 3. The Parameters of Simulation

Parameters Configuration

mBS, sBSs, DJs IHPPPs
Channel bandwidth 10 MHz
Code iterations 1000
ϕS 20 / π(2000m)2

ϕM 4 / π(2000m)2

ϕJ 20 / π(200m)2

A π × (2000m)2

The powers transmitted by mBS,
sBS, ν , and DJs

35 dBm, 30 dBm, 25 dBm,
and 20 dBm

From MBS-tier the LT of interference received , LIM,A (s), in A, is given below243

LIM,A (s)
(a)
= EIM,A [exp (−IM,As)]

∣∣∣∣
s=

rβ
MκM

PUL
t,ν

(b)
= EIM,A ,|hl |2

[
exp

(
−s ∑

l∈φM

Pt,M|hl |2r−β
l

)]

(c)
= EIM,A ,|hl |2

[
∏

l∈φM

exp
(
−|hl |2γ◦κMrβ

Mr−β
l

)]

(d)
= EIM,A

[
∏

l∈φM

E|hl |2exp
(
−|hl |2γ◦κMrβ

Mr−β
l

)]

(e)
= EIM,A

 ∏
l∈φM

1

1 + γ◦κM

(
rl
rM

)−β



( f )
= exp

−2πϕM

∫
d2

y

rldrl

1 +

(
rl

(γ◦κM)1/β rM

)β



(g)
= exp


−πϕM (γ◦κM)2/β r2

M

∫  d2

γ◦κ
1/β
M rM


2

 y

(γ◦κM)1/β rM

2

du

1 + (u)β/2


The step (a) is acquired by defination of Laplace Transform [24], step (b) is derived from putting244

the value of IM,A = ∑l∈φM
Pt,M|hl |2r−β

l , into step (a). Step (c) Step (c) is achieved by putting the value245

of s, Step (e) is acquired from the Laplace transform with respect to hj, of Step (d) Step ( f ) is acquired246

by applying the probability generating functional (PGFL) of IHPPP [19], Step (g) is acquired from247
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putting the value of u =

(
rl

(γ◦κM)1/β rM

)2

in step ( f ). Finally, computing Gauss hypergeometric248

functions approximation of Step (g) (4) is obtained .249

250

Appendix B Proof of the Laplace transform of (17)251

Proof of (17):

LIUL
φM,Ac

M

(s) = EIUL
φM,Ac

M

[
exp

(
−IUL

φM,Ac
M

s
)] ∣∣∣∣

s=
rβ

MκM

PUL
t,ν

= EIUL
φM,Ac

M
,|hl |2

[
exp

(
−s ∑

l∈φM

PUL
t,ν |hl |2r−β

l

)]

= EIUL
φM,Ac

M
,|hl |2

[
∏

l∈φM

exp
(
−|hl |2κMrβ

Mr−β
l

)]

= EIUL
φM,Ac

M

[
∏

l∈φM

E|hl |2exp
(
−|hl |2κMrβ

Mr−β
l

)]

= EIUL
φM,Ac

M

 ∏
l∈φM

1

1 + κM

(
rl
rM

)−β



= exp

−2πϕM

∫
d1

y

rldrl

1 +

(
rl

κ
1/β
M rM

)β



= exp


−πϕMκ

2/β
M r2

M

∫  d1

κ
1/β
M rM


2

 y

κ
1/β
M rM


2

du

1 + (u)β/2


Finally, by computing the Gauss hypergeometric approximation of Step ( f ) we arrive at (17) .252

253
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