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ABSTRACT

Inthe rapid development of wireless communications, femtocells provide tremendous improvement
in coverage and quality of service for users. Macro-femto based networks are envisioned to be the
de-facto solution for providing ultra-high speed communications in next-generation mobile wireless
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networks. This paper studies two-tier macro-femto networks and proposes a collection of novel tech-
nologies to address the interference problems. First, a novel user association scheme is proposed
that aims to optimize the load among femto base stations (FBSs). Second, a near-optimal ergodic
search algorithm is proposed to regulate the power consumption at macro base stations (MBSs)
and improve energy efficiency. Third, a channel access mechanism is proposed for FBSs that aims to
minimize inter-tier interference. For the proposed system, CDF of SINR is derived and used for perfor-
mance investigation. Simulation results show that the proposed system can significantly outperform
a popular, conventional cognitive radio-based system for all the considered simulation scenarios.

1. INTRODUCTION

The telecommunication industry has seen an explosion
in a variety of applications and services, such as net-
work gaming, video streaming and social networking
as now a days these have become part of peoples’ life.
Consequently, the amount of mobile devices, the request
for data rates and data traffic are continuously increas-
ing. Globally each year, the amount of mobile broad-
band subscribers is rising by about 25 per cent, and it
is predicted to be 7.7 billion by 2021 [1] and mobile
data to be 351 exabytes by 2025 [2]. Future wireless net-
works need to be able to convey much more data (the
fifth-generation (5G) networks are predicted to convey
1000 times the volume of mobile data compared to the
fourth-generation (4G) networks) in order to accommo-
date such number of users with very large data com-
munication requirements channel capacity should be
increased drastically. Increasing communication chan-
nel bandwidth and signal quality are the two important
and desirable properties to improve the channel capacity.
The radio frequency spectrum has always been a scarce
resource for wireless communication due to being a lim-
ited natural resource that cannot be fabricated [3]. Thus
there has been a lot of research to increase the com-
munication’s signal quality. Multiple-Input-Multiple-

Output (MIMO), Distributed Antenna Systems (DAS),
Device-to-Device (D2D), Cloud Radio Access Networks
(C-RAN) and Non-orthogonal Multiple Access (NOMA)
are interesting concepts for 5G and beyond networks
that aim to improve signal quality [2]. Another inter-
esting concept that can significantly increase the signal
quality is the use of femtocells [4]. It has been observed
that macrocells alone could not provide the quality of
service (QoS) to the indoor user due to the signal’s inef-
ficiency to penetrate through the walls. Femtocells are
low power base station that converts the centralized cel-
lular networks into distributed networks, typically used
for indoor or at the cell edge communication. These can
also be understood as a subset of the small cell concept,
in which around 4-16 mobile devices can be connected
for simultaneous communication. Besides bringing the
antenna closer to the user to improve the signal quality,
femtocell can be easily integrated with other interesting
signal processing mechanisms, such as MIMO, C-RAN
and NOMA for even better signal quality. This is another
important advantage of Femtocell that makes it an inter-
esting open research topic for 5G and beyond networks.
Hence this paper studies femtocell-based networks
with their specific properties and related new research
dimensions.
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The access point of femtocell is known as femto access
point (FAP) [5]. It improves coverage, QoS and reduces
battery drain due to short range transmissions [6]. FAP
is termed as Home Node B (HNB) in 3G and it is also
termed as Home Evolved Node B (HeNB) in Long-Term
Evolution (LTE) and widely deployed in today’s net-
works. Also it is expected that in 5G, small cells will
be employed as primary access points. Femtocells are a
strong candidate for small cell deployments in 5G and
beyond networks. 5G technologies need to provide highly
improved communication data rates and low latency.
This paper investigates the opportunity of offloading
to femtocells via user association rules to meet these
requirements of future networks. It also articulates on
computing the communications efficiency of two-tier
networks by means of cumulative distribution function
(CDF) of users’ signal to interference plus noise ratio
(SINR). The main contributions of this paper are as fol-
lows:

e A novel user association scheme is proposed that opti-
mizes the load among Femto base stations (FBSs) with
the goal of improving achieved capacity.

e A near-optimal ergodic search algorithm is devel-
oped to regulate the power consumption at Macro
base stations (MBSs) and improve energy efficiency
by turning-oft MBSs whose load can be transferred to
FBSs in accordance with the optimization constraints.

e A channel access mechanism for FBS is developed to
minimize inter-tier interference by exploiting avail-
able channels in a cognitive and opportunistic way.

e The probability mass function (PMF) of a macro-
femto network with the proposed scheme is derived
for performance analysis. Further, the CDF of used
channels is obtained from the PMF and then over-
all CDF of the network is established by using con-
ditional CDF (CCDF) of SINR and PMF of the
used channels. Finally, the performance comparison
is done between the proposed and popular existing
schemes.

The rest of the paper is organized as follows. In Section
2, related works are discussed. The system model is
provided in Section 3, where we describe and analyse
the proposed user association rule-based scheme and
channel access operation of the femtocells, respectively.
Further, the power control scheme proposed to regu-
late power consumption at MBSs is given in Section 3B.
Section 4presents the results and discussion of the pro-
posed scheme, and the conclusion is finally presented in
Section 5. The key notations and their descriptions used
in this paper are listed in Table 1.

Table 1: List of symbols

Symbol Description

(0] Independent spatial Poisson point process (PPP) distribution

A FBS density per unit area

'm Radius for a circular region of network service

R? Area of the network service

Pe FBS transmit power

Pm MBS transmit power

h Small scale fading (SSF) coefficients of the channel

o Path loss exponent

No Additive white Gaussian noise (AWGN)

B Bandwidth of the system

Mon Set of turned on BSs

N¢ Number of active UEs

& Design metric in regard to the regulated power consumption
at MBS

w Traffic load density

8 =0 Energy efficiency decider for idle and active states

n Network load density

v Degree of load balancing

v BS density vector

q Probability vector

y Signal to interference plus noise ratio (SINR)

C Shannon capacity

Yth Channel detection threshold

Q The separation of a user from its linked BS

Po The existence probability of the BSs in the distance D in the
context of Q

Fq (D) Cumulative distribution function (CDF) in the context of Q
and D

Oa(R2) Probability density function (PDF) of Q

Coverage probability

Py Probability mass function (PMF) for the random variable X

Fy CDF for the random variable X

f,(v) Conditional CDF (CCDF) of SINR using PDF of &2

F Overall CDF of the network using the PMF of the utilised

channels and CCDF of SINR for a user

2. RELATED WORKS

In 2016, 3GPP standardized the C-V2X (Cellular Vehicle
to Everything) [7] to meet the increasing communication
needs of the automotive industry. The intelligent services,
such as cooperative collision warning and autonomous
driving, can only be enabled through reliable communi-
cation of data collected by vehicles and roadside infras-
tructure. Femtocells are proposed as a candidate to pro-
vide this reliable wireless communications infrastructure
for C-V2X standard [8]. A performance comparison for
downlink transmissions at a vehicular network contain-
ing only MBS and MBS with mobile FBS has been done in
[9, 10]. It has been shown that employing FBSs can signif-
icantly improve average end-to-end delay and through-
put, as well as energy efficiency. Further, a multi-objective
optimization problem has been developed in [11] for
uplink transmissions at a two-tier macro-femto net-
work with mobile end-users. The access control, resource
allocation and power management stages are optimized
through a multi-stage decision-making process. Signif-
icant improvement at system throughput and end-user
QoS satisfaction has been shown compared to macro-
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only networks. Thus femtocells are a timely and impor-
tant research topic and require much more research to
show their potential performance gain in downlink and
uplink transmissions.

Interference management is a crucial aspect in two-tier
macro-femto networks, since co-tier and inter-tier inter-
ference may become a performance limiting factor if not
properly dealt with [12, 13]. A cognitive radio (CR)-
based resource allocation scheme has been proposed by
[14] that is shown to maximize the femtocell throughput
by minimizing inter-tier interference. In [15], a cooper-
ative game theory-based approach is taken to minimize
interference in cooperative Femtocell networks [16]. It
has been shown that throughput, fairness, spectrum spa-
tial reuse and energy efficiency have been improved with
the minimization of interference. A particle-swarm opti-
mization (PSO)-based resource allocation algorithm has
been proposed in [17] for interference minimization.
When PSO is applied together with iterative waterfilling
algorithm, the best results were obtained. Therefore there
are many interesting researches proposed for interference
management in two-tier macro-femto networks with still
room for improvement [18-20].

Another important design aspect that is unique to two-
tier macro-femto networks is the type of access mode
employed by the femtocell tier [21]. Femtocell can be
implemented in three different access modes classified
on the basis of access control, such as open access mode
which allows all the users within the vicinity of femto
network to use the femtocell. This mode suffers from
increased number of handovers and associated signalling
overheads. Closed access mode which allows only pre-
defined users to access the femtocell, the inter-tier inter-
ference is the major disadvantage of this mode. And
hybrid access mode is a combination of both open and
closed access modes [22]. The selection of the appropri-
ate access mode plays an important factor at the network
performance. An interference coordination algorithm
based on access control in macro-femto networks has
been proposed in [23]. It has been shown that interfer-
ence coordination approach operated in hybrid access
mode achieved better system performance than closed
access mode. [24] considered the uplink transmissions
with hybrid access mode and proposed a multilevel opti-
mization method for access control, resource allocation
and power management. The results demonstrate signif-
icant improvement in system utility compared to existing
methods. Another interesting method that demonstrated
promising results with various types of access modes is
the fraction frequency reuse (FFR) [25, 26]. A cell sizing
based energy optimization method has been proposed

for macro-femto networks in open access mode in [27].
The results demonstrated improved energy efficiency
and interference coordination with the proposed scheme.
[28] proposed an interesting power control scheme for
blockchain-based femtocell networks. Simulation results
show that the proposed scheme improves data transmis-
sion rate and guarantees the delay requirement for mobile
applications. Other interesting research in radio resource
management (RRM) for femtocell are [29-31].

3. SYSTEM MODEL AND PROPOSED APPROACH

A list of symbols used in the paper is given in Table 1. The
proposed system model is comprised of an MBS facilitat-
ing network services for a circular region of radius r,,, and
area IR?, and a set of FBSs that are deployed by an inde-
pendent spatial Poisson point process (PPP) distribution,
® with density per unit area given as A. Thus mean num-
ber of FBSs can be assumed as .# = A x R?. In the
context of load balancing, the most important parame-
ter is the traffic load density, denoted by & which can
be defined as the packet transfer rate per unit area sub-
ject to packet sizes being independently distributed with
unity mean. o atlocation X is finite for X € R2. This cer-
tainly signifies a great deal of liability to vary in spatial
traffic and perhaps big packet sizes. Hence, network load
density, denoted by 1, can be defined as the ratio of = to
Shannon capacity C. n ! signifies the time taken by @ to
reach receiver at location X from the ith BS.

The SINR, at location X} for the kth user equipment (UE)
with respect to the ith FBS that is ; distance from the
origin, can be expressed by
Prhijlri — Xi| ™
2 jew; Prhjklry — Xl ™
+ 2 gew,, Pmhigklrg = Xkl ™ + No

Yik = , (1)

where Py and Py, are the transmit power from the fem-
tocell and macrocell respectively, ;?, hj and hg . rep-
resent small scale fading (SSF) coefficients of the channel
between ith FBS and kth UE, between interfering jth FBS
and kth UE, and between gth MBS and kth UE respec-
tively; |r; — Xk ™%, |rj — Xk| ™% and |rg — Xg|™* represent
large scale path loss (LSPL) between ith FBS and kth UE,
between interfering jth FBS and kth UE, and between
interfering gth MBS and kth UE respectively, where
the path loss exponent a > 2. Iy = Zjewf Prhjklrj —

Xk|™* indicates co-tier interference generated due to
other FBSs ( i.e.j # i) for communicating on the same
resource block group (RBG) allotted to sth UE, I,,, =
de\I’m Pphgilrg — Xi|™® indicates inter-tier interfer-
ence generated due to the MBSs for communicating on
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the same RBG allotted to kth UE and Ny stands for Addi-
tive white Gaussian noise (AWGN) and its normalized
value is equal to 1.

A signal of quasi-stationary nature is principally pro-
cessed in short time frames. This duration is known as
a segment when computing SINR of the user. Therefore,
the average SINR can be expressed as [32]

Ts—1 Nf 2

1
Yavg = 10log, | — Z N - -
TS a=0 Zkil(lz,a,k + Irzn,a,k + no,a,k)

>

(2)

A

where §ik, ff ok Ifn’ ok and PL(Z) ok are used to denote the
estimated received signal, co and cross-tier interference
and AWGN for the kth user, respectively. Ts denotes
the total number of segments in regard to the signal
processing duration.

By Shannon capacity® formula, we can express the trans-
mission rate of the system as

Mon Nf
C=B) > log,(1+ ), (3)

i=1 k=1

where B represents the bandwidth of the system, .Zy,
represents the set of turned on BSs, Ny represents the
number of active UEs.

In order to address problem formulation, we consider
a function, denoted by g;, to find the possibility that a
data transmission at location X is linked with the ith
BS. The set .% (#,y,) of the attainable BS density v =
{vi,... .2/} with the corresponding probability vector
q=1{q1,...9.u} for Mo, C A can be expressed as
below,

y(«%on) = {V|Vj = / TIi‘]i dx})VI € %Orh (4)
R2

subject to 0 < q; < 1,Vi € Mop, Vx € R, fo‘{” qi = 1.
Lemma 1: The attainable set .F (M) is a convex set.

Proof: Assume two BS density vectors v} € .F (M)
and v} € F (Mon), v} # v?. Now their correspond-
ing probability vectors can be given as follows: q} =
{ai,.. 'q\l.///m|} and ¢7 = {q,... qﬁ///nnl}, which imply
vl = [niq} dx and v? = [ niq? dxVi € M,,. With the
consideration of v; as a convex function of vil and
viz for ¢ € [0,1],v; can be expressed as v; = CI)VI-I +
(1—®0? = [ni[Pq} + (1 — ¥)q?1dx and Vi € A,y
Therefore, ¢q; = z?q} + (1 - 19)ql-2 obeys (3), which

Users

!

Admission

Control

J

User

Association
Scheme

Users ﬂ

ﬂ Ergodic Algorithm

for MBS Power
Regulation

Admission

Control

! ﬂ

Radio Resource Channel Access

Management Mechanism

for Femtocells

ﬂ ﬂ

Transmission ..
Transmission

(a) (b)

Figure 1: The illustrations of (a) a conventional two-tier macro-
femtocell network and (b) the proposed system (Figure 1b)

implies v is attainable and % (.#,,) is a convex set
respectively.

The illustrations of a conventional system and the pro-
posed system are given in Figure 1. The proposed system
has three main building blocks as the user association
scheme, ergodic search algorithm for MBS power reg-
ulation and channel access mechanism for femtocells.
Detailed explanation of these building blocks is provided
at the rest of this section. |

3.1 User Association Rules and Optimum
Attainable FBS Load

The problem formulation of attainable FBS load from the
network and UES’ perspective can be given by

G, Mon) =y 20— (v — 'Y, (5)
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where W is the metric considered to decide degree of load
balancing.

Above (5) gives us insight from the networks and users of
perspective. Now, an arbitrarily chosen user with location
X € R? will receive service from ith FBS, ifand only if the
following is true:

i = argmax Cn;y, VX € R2. (6)
ieH

Based on the value of W, we classified the user association
rules into the following cases:

e Case I: At W = 0, the association rule is completely
referring to the user’s perspective. This signifies that
the decision at this point can be made on the SINR
level or capacity level with the optimum attainable FBS
load equals to ), (v; + 1).

e Case II: At ¥ = 1, the user association rule is slowly
but surely moving toward network perspective with
the increase of W. This is ensuring purely traffic load
level operation with the optimum attainable FBS load
equals to D, 2v;.

e Case III: For W > 2, (5) is performing the operation
at network load density level. With further increase of
W from 1, it can be noticed that the operation shifts
more toward network load density perspective from
traffic load perspective.

3.2 Regulated Power Consumption At MBS

MBSs usually consume high energy at the receiver end
regardless of offered loads. In this consequence, the
design metric refers to the ratio of an ongoing consumed
power of operating an MBS to the total power,

Bipmax,-

§= ,
[Sipmax,- + (1 - 8i)Pmax,-]

(7)

where Pp,y; denotes the highest regulated power of ith
MBS while it is entirely exploited. The feature of no
power consumption, i.e. §; = 0, in the idle state helps to
achieve large energy savings at MBS and slowly increases
its power consumption level with the increase in its state
of the activity. Hence, it is certainly essential to turn
oftf MBSs with less activity jointly with power-efficient
UE connection. In this part of the work, we introduce
algorithms that improve the energy efficiency (EE) by
effectively dealing with the MBS functioning problem
ascertaining the cardinality of a BS set that can be dis-
abled.

UE Connection problem (P-UC): For a provided set
of enabled MBSs, denoted by .#,,, the P-UC can be

expressed as

X (M) = min, D, M) + ;(1 — 87)Prnas;.-

(8)

The above equation is the optimum condition for under-
lying UE connection.

MBS functioning problem (P-MF): For a provided set
of enabled MBSs, denoted by .#,,, the P-UC can be
expressed as

%xglgn%%u/zonw Z//{ 8;Pmax;» (9)
1=Aon

where % (#,,) denotes a set for viable load v =
{vi,...,v.2} while the set of enabled MBS is
%on - M.

Remark 1: Conflict of interest may occur between (P-
UC) and (P-MF). On one side, (P-UC) attempts to
enhance the performance level of ¢ (v, .#,,) by releas-
ing the traffic load. On the other side, (P-MF) attempts to
articulate on fixing the traffic load to be a subset of .Z,
in order to minimize ) _,_ My, iPmax;-

(8) is an objective function and its response with v is a
continuous convex function for constant .#,,, whereas
it is turn into a discrete non-convex function for vari-
able .#,,. Therefore, MBS functioning on regulated
power consumption is a challenging case study with
0(2*) combinatorial analysis, this makes it compu-
tationally hard in a high degree to discover an opti-
mum value using brute force method for a large number
of MBSs [33, 34]. This invokes us to introduce algo-
rithms that follow the problem-solving ergodic search
(PSES) of making the locally optimal choice at each stage
with the intent of finding a global optimum, as follows:

PSES-ON algorithm

1.Initialize: A#,, = .#

2. while A4, = ./ do

3. Compute:

Wosesion) () = ‘%”""(Qi;fif”‘“"“’ L NAM | Mo
4.Determine MBS: 1

J* = argmaxjc /., A #pses(on) ()}

5.if %SES(on) (%) > 1, then

6. Mon < Mon U j*

7. end if

8. end while
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PSES-OFF algorithm

1. Initialize: Aoy = M
2. while #,, = .# do
3. Compute:

Weses(of) () =
4. Determine MBS:

j* = argminje 4, {#psescof) ()}
5.if WPSES(oﬁ") (]*) < 1, then

6. Moy <— M — j*

7. end if

8. end while

X (Mon ])—% (M on)
‘SiPmuxi

, Vj € Mon

Here, we have considered a parameter #psgs(on) (j) which
indicates the on-state advantage for the constant con-
sumed power by MBS j. The PSES-ON algorithm begins
with starting set of MBS, i.e.M, and determine the
optimum number of disabled MBS through iterative
search to have the maximum #psgs(on) (step 4). There-
after, it chooses the MBS that has obtained in the
previous step and append to the list of MBS to turn
it on subject to the criterion #psgsion)(j*) > 1, else
exit.

3.3 Channel Access Mechanism by Femtocells

An FBS denoted by F; € €, where ¢ is the set of avail-
able FBSs in the system, can be capable of accessing a
channel denoted by n; € n, where n is the set of subchan-
nels available in the system, if and only if the received
power at

IP){nused :}’Hnml ) N, U nm3| =j:j = |ns| = 4}

4 b
= > Pllnm| =b) (b—(y—j))

b=y—j

N N
X(L) " (1_L>y] (10)
|n| |n|

P{nysed = ylIns| = 4}

Y J
b
= j:ZOAsw hZ P, | = b} (b G _j))

=y—j

-\ b—0—)) -\ 00—
x(i> o (1—i)” (11)
|n| [n|

where

As(y) = P{n,eq = yl|ns| = 3}

Yy
=> Ay Z {Irms | =
j=0

Oy
b—(y—j
b=y—j

.\ b—(—j) .\ )
X(L) )’J(l_L)YJ

|n] |n]

= P{nyseq = yllns| = 2}

- ZIP’{mmlI =j} Z P{|npm, | = b}

b=y—j

b L b—(y—1)< ~ L )(y—j)
X (b— (y—j)) <|n|) P

F; from transmitter MBS denoted by M; € €,,, where €,
is the set of available MBSs in the system, is higher than
the channel detection threshold denoted by yy;, subject to
the assumption that all the FBSs are cognitive in nature
and performing opportunistic channel access. The chan-
nel access operation is performed with the assumption
that F; should not reutilize the channel which is already
utilized by M;, where M; specifically belong to the adja-
cent MBSs of F;. As yy, is becoming a design metric to
develop a coexisting network model of FBSs with MBSs,
the susceptibility of the network model in spatial domain
gets higher with the decrease of yy, which in turn pro-
duces a small inter-tier interference and helps in the
execution of dynamic reutilization of spatial spectrum,
likewise it has reverse effect with the increase of yy,.

and

Ax(y)

2

Let, |ns| ~ (1), where A = 70,5 (#’;ﬁl)(a) ra+ %),
|.| indicates number of elements of the set, p,,;s denotes
MBS density, channel gain between a user and an
MBS is exponentially distributed with mean ML If
ng denotes a set of channels utilised by F; at a cer-
tain time instant, then np = m, where ng =
M;|Phmil |[Fi — M;j||~* indicates set of adjacent MBSs to
F; and h,,; denotes channel gain between a user and an
MBS at jth channel.

Lemma 2: Ifn,.; denotes the number of utilised channels
out of |n| available channels within the channel detection
region of a referenced FBS positioned at F; € R?, then its
probability mass function (PMF) can be expressed by (10)
and (11), respectively.

P{nysed = )’} = A{}/ = 0}P{|ns] = 0}

o
+ Y Plingd = a}A,(),0 <y < |nf;

a=1
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Fx(n)
lim Fy(n)
n—oo
1 T ®----9
Fx(3) + o—
Fy(2) T ——o
@ T $1Px(2)
Fy(1) —+ ———o
Fm=o | Py (1)
n<1 .
j — : : :
1 2 3 n

Figure 2: CDF of the random variable given in the problem

where A{y = 0} is a binary indicator that produces 1 if
the condition is satisfied, else 0; A,(y) = Z;lzo Au—1()

> PiXpu = 2wz, 2 — (y = ). by, where wia,b,
)= () "1 =0 and A1 (j) = P{Xp, = j}.

Proof: Here, an objective is to establish PMF on the dis-
tribution of utilised channels within the channel detec-
tion region around a referenced FBS. The utilization
probability of y channels keeping the limitation of utmost
four MBS belonging to the channel detection region can
be expressed as in (10). Without any limitation on the
number of utilised channels within the channel detec-
tion region, we get (11). Hence, the lemma can be proved
using the above equations. |

3.4 Cumulative Distribution Function (CDF)
Analysis

The CDF in Figure 2 illustrates the distribution of a dis-
crete random variable. Especially, we can determine the
PMF by determining the height of the jumps in the CDF
function. On the other side, the CDF of a discrete random
variable is a step function with left-closed and right-open
intervals. With the assumption of X = 1,4 as the ran-
dom variable for the range Rx = {n;, nz,n3,...} where
ny < my < nz---,* the CDF can be determined from its
PMEF as follows, let

Fx(n) = Px(n)

ns<n

(12)

Now,

Forn < 1,Fx(n) = 0;

Forl <n < 2,Fx(n) = Px(1);

For2 <n < 3,Fx(n) =Px(1) + Px(2).

The distance |r; — X| is a key parameter as it indicates
the separation of a user from its linked BS. In general

most of the users are served by the nearest BS, thus no
interfering BS can be closer than € = |r; — Xi/|. The exis-
tence probability of the BSs in the distance D can be
expressed as [[35], refer to Section 3.4],

Po{Q > D} = exp(—knDz), (13)

where D = min{|r; — X[, |rg — Xi[}. Therefore, the
CDF is

Fo(D) = Po{Q < D} = 1 — exp(—AnD?) (14)

and the probability density function (PDF) can be
found as

dFq(€2)

fa() = =2 A2 exp(—)sz),

Q>0
(15)

Applying user association rule on the nearest BS at
from the referenced user, the coverage probability can be
written as

P [hix > yaP; ' Q0 + I + No) | €]
= B [P it > yuP; QU + I+ No) | .11, I
DRy [P [exp(—purab; ) + 1+ No) | 2]]
—1la
_ e*(umPf Q NO)@%f(MVthPJ:IQa)
X L1, (RymP; ' %),
fy ) = EqlPlyix < v | 21]
=1—Eq[Plyix > ym | 2]]

—1- / Pl > i | Qlfa(@) d0
=0

b
I'>0

x P

(16)

Pfh,‘,kﬂfa
2 jew, Prhjklr — Xil ™
+ de\l/m thg,k“'g — Xk 7% + No

> ym | Q| 271 exp(—)u‘er) de

=1 —/ exp(—)u‘er)
>0

x P [hi,k > yP7 Q% Iy + L + No) | 9]

X 2t A2dQ2
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© _/ e—(mszz)e—(wthPle"No)
r>0

x Ly (ymP; QN L, (ymP; ' Q)21 QdQ

@ 1 —/ 2w A2 exp(anz)
r>0

x exp(—puymP; ' Q*No))

© 1
X exp(—ZnA[/ (1 — —_)a)j dw;
Q 1+ SPfa)f o

© 1
A (R Wy | o
Q 14+ SPma)g

where (a) follows from the fact that h; ; ~ exp(u), .,?If )
and .77, (.) are the Laplace transform of the cumula-
tive co-and inter-tier interferences, respectively, when
the randomly chosen mobile user is being served by the
femtocell.

The solution for Laplace transform of LIf (s) is given as

D%f (S) = Elf [e_SIf]

= ]E,q;.’hj exp | —s Z Pfhj,klrj .
L jevy

= Ecp,h]. 1_[ exp (—SPfhj,kh’j - Xk|_a)
Lj€¥s

©Eo | [TE; [exp (=sPrhjalr — Xi )]
Jjevs

O exp(—ZnA /00
Q
X (1 - E; [exp (—sthj,kwj_“)]>wj da)j>

R 1
= exp( - ZnAf <1 - —_a)wj dwj>,
Q 1 +5Pfa)f

(18)

where w; = |rj — Xl, (e) follows from the fact of inde-
pendent and identically distributed (i.i.d) hjx and its
further independence from independent spatial PPP
distribution &, and (f) follows from the fact that
E[[T,cqf ()] = exp(—=4 [ (1 — f(x)) dx) for the func-
tion f(x). By following (1) with threshold constraint yy,
the conditional CDF (CCDF) of SINR using the PDF of Q2
is presented in (17), where (b) follows from the distribu-
tion of fo(£2) given in (15), yy, indicates the threshold,

Iy = Zje\llf Prhjklrj — X§ ™%, Im = de\l/m Pyhglrg —

Xk| ™%, (c) follows by substituting (16) into (17), and (d)
follows by solving the Laplace transform for Ly, (s) and
Ly;,,(s), given by (18) and (19) respectively.

Similarly, the solution for Laplace transform of Lg, (s) is
given as

Z,,) =Ky, [e™"]

2 x/oo ! d
= €X —ZTT _— | w, .
P Q 1+$meg_a £

(19)

Using the PMF of the utilised channels and CCDF of
SINR for a user, overall CDF of the network can be
expressed as below

F =" Px(n)f, (). (20)

n<ns

4. RESULTS AND DISCUSSION

The proposed schemes can be used in both low and
high SINR regions. It should be noted that instanta-
neous SINR values for users given by (1) may change
depending on the dynamic channel conditions and geo-
graphical position of the user. The average SINR region
for a simulated scenario can be calculated by (2). CDF
is a critical parameter for determining the average per-
formance of the network. It is the probability that the
function value will lie below certain threshold. It gives
the clear picture of the number of outage users even if
few UEs get maximum SINR. Also in case of maximum
number of FBSs, the traffic on macrocell gets minimum
and number of user in each Femtocell are reduced simul-
taneously. We have considered fixed number of femto-
cells that are randomly located within a given region
and UEs are also allocated within the radius of femto-
cell. The path loss is evaluated for each UE within or
outside the femtocell coverage, if an UE is within the fem-
tocell coverage region it will be considered as a service
user, i.e. user with desired signal, otherwise it will be con-
sidered as an interfering user. Thereafter, SINR of each
UE is computed. The simulation network parameters
are given in Table 2. Network bandwidth of 100 MHz is
chosen since such bandwidth can be achieved with LTE-
Advance by channel aggregation and it is envisioned that
in 5G networks femtocells may have 100 MHz bandwidth
to support ultra high-speed communications [Available:
https://portal.3gpp.org/desktopmodules/Specifications/
SpecificationDetails.aspx?specificationIld = 319].

Figure 3 compares the CDF of SINR performance for a
popular cognitive radio based resource allocation scheme
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Table 2: Network parameters

Parameter Value

Network bandwidth 100 MHz
Subchannels 512

MBS Tx power (max.) 43 dBm

FBS Tx power 20 dBm (max.) and 0 dBm (min.)
Macro cell radius 1000 m

Femto cell radius <100m

Antenna pattern for BS of macrocell Omnidirectional
and femtocell

External walls, Wey 15dB

Internal walls, Wi, 10dB

Macrocell path loss 128.1 + 37.61og 10(rm) + Wex + Win

——r=10

——r=20

0.8 ——r=30]]
0.6 |
w [13] ><f
a
1)
0.4 b
02l =¥ <—— Proposed System |
0 . .
-50 0 50 100 150 200

Average SINR in dB

Figure 3: CDF vs. SINR for different radius of femtocell with
UE = 1in each femtocell

developed by [13] and the proposed scheme with vari-
ous radius of femtocells. It can be seen from the figure
that the proposed scheme outperforms [13] for all the
considered femtocell radius. This is due to the ergodic
search algorithm developed to regulate power at MBSs
to minimize inter-tier interference from macro-to-femto
tier. For the proposed scheme, the performance increases
as the radius increases since more users can be associ-
ated with femtocells and accordingly more MBSs can be
turned-off.

Figure 4 compares the CDF of SINR performance for
[13] and the proposed scheme when the number of
users in each femtocell increases. This is an interesting
performance metric since 5G and beyond networks are
expected to have many users connected to femtocells.
The proposed scheme demonstrated significantly bet-
ter performance compared to [13] for all the considered
scenarios.

Figure 5 compares the CDF of SINR performance for [13]
and the proposed scheme for various number of FBS. It
can be seen from the figure that the proposed scheme
outperforms [13] for all the considered cases. The per-
formance of proposed scheme increases as the number of

1
0.8
0.6 > <— Proposed System
[
8 M3 —>
0.4
0.2 —— UE No in each Femto=1
—— UE No in each Femto=2
—— UE No in each Femto=3
0 L n n
-50 0 50 100 150 200

Average SINR in dB

Figure 4: CDF vs. SINR for different number of UEs in each femto-
cell of radius = 10

1 x
0.8 J
061 [13]9 X1 B
L
=)
o
0.4r =t % + > <— Proposed System
0.2f —— No.of FBS=8 |
—*— No.of FBS=12
— No.of FBS=16

0
-50 0 50 100 150 200
Average SINR in dB

Figure 5: CDF vs. SINR for different number of FBSs in the net-
works

FBSs increases. This is due to the benefit of the proposed
user association rule that associates users with best pos-
sible FBS to maximize the capacity and help to minimize
co-tier interference.

5. CONCLUSION

This paper studies two-tier macro-femto networks and
proposes a collection of novel technologies to address
the interference problems. First, a novel user associa-
tion scheme is proposed that aims to optimize the load
among FBSs and improve achievable capacity. Second,
a near-optimal ergodic search algorithm is proposed to
regulate the power consumption at MBSs. The aim of the
algorithm is to improve energy efliciency by turning-off
MBSs whose load can be transferred to FBSs in accor-
dance with the optimization constraints. Third, a chan-
nel access mechanism is proposed for FBSs that aims to
minimize inter-tier interference by exploiting available
channels in a cognitive and opportunistic way. For the
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proposed system, CDF of SINR is derived and used for
performance investigation. It has been shown that the
proposed system can significantly outperform a popu-
lar, conventional cognitive radio-based system for all the
considered simulation scenarios.

NOTES
1. arg mine 4 n; = arg min;e_, (°Z)isfinite.
2. h follows an exponential distribution with

mean %L which implies h ~ exp(u)

C is location dependent and it has also slow
fading effect.

Property: For n; < ny, Px(n < ny < mnp) =Fx(ny) —
Fx(np).
Proof : Px(ns < np) =Px(ns < n1) + Px(n; < ng < na).

Thus, Fx(n2) = Fx(m) + Px(m < ng < n3)
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