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ABSTRACT

With the femtocells being overlaid onto the macrocell in two-tier architecture, that comprises a mixture of
both planned and arbitrary deployed nodes. This increases the data rate for indoor environment and fulfils
the dream of high speed wireless and mobile broadband services. However, this potential for significant
data rate growth could severely be diminished by cross and co-tier interference problem especially in a
dense femtocell deployment scenario. In this paper, a dynamic power control scheme is proposed to
mitigate the downlink interference in order to reduce the outage probability of macro user equipment
(MUE), while maintaining good QoS for the home user equipment (HUE). The femtocell adjusts the
transmit power, which subject to HUE measurements. The minimum level of transmit power is constrained
to the target Signal to Interference and Noise Ratio (SINR) of the HUE that satisfy the required Quality of
Service (QoS) of the HUE. The system level simulations confirm that, the proposed power control scheme
reduces the outage probability of the nearby MUEs up to 23%, compared to fixed power setting, while
maintaining the spectral efficiency of the HUEs. Furthermore, the transmit power can be reduced by 50%,
which leads to effective power solution for the interference scenario.

Keywords: Co/Cross-Tier Interference, Femtocells, Macrocells, Power Control, Heterogeneous Network.

1. INTRODUCTION have many attractive features, such as low

The dramatic increase of indoor voice and
data usage creates a real challenge for wireless
communication operators, as the majority of indoor
users suffer from poor service quality [1]. That
limits the users to enjoy the high data speed and the
enhanced capacity of the LTE-A from the mobile
operators. Recently the concept of femtocell has
attracted much attention in the wireless
communication industry, to complement the
conventional outdoor macro base stations [2].
Femtocell which is also known as Home enhanced
NodeB (HeNB) in the 3rd Generation Partnership
Project (3GPP) Long Term Evolution-Advanced
(LTE-A) standard is a small size, low power (<=20
dBm) base station with short service range (<30 m)
and can support less than ten users simultaneously
[3]. HeNB is considered as a plug-and-play
consumer device, which is easily installed by the
consumers. Femtocell utilizes the existing
broadband internet access, e.g. Digital Subscriber
Line (DSL), cable modem or optical fiber
connection as a backhaul to communicate with the
mobile operator’s core network [4]. Femtocells

deployment cost and offload traffic from the
macrocell [5]. Femtocells are expected to
remarkably reduce the capital expenditure
(CAPEXs) and operational expenditure (OPEXs),
obviating the need to deploy costly infrastructure
by reusing existing broadband connections; while
providing enhanced indoor coverage and high data
rates. [6].

One of the key features of any cellular
model that includes the femtocells is the type of
access strategy. There are three types of access
control modes for femtocells: (i) closed, (ii) open
and (iii) hybrid mode [7]. For the closed access,
only closed subscriber group (CSQ) is allowed to
connect to the femtocell. Open access mode allows
all the users to get access. In hybrid access mode,
all the users get a limited service and the CGS
enjoys the full privilege. The conditions of access
can be defined by each operator based on the
owners’ preference. However, femtocell are
categorized by different algorithm that modifies the
capability to select the number of outside users to
be allowed to access by keeping in view the
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performance of authorized users in a particular
femtocell [8].

The transmit power level of a femtocell
base station affects its coverage range and the
amount of interference it generates in the network
[9]. Although high femtocell transmit power
provides wider coverage and better signal quality,
at the same time it causes tremendous interference
to other surrounding users of the adjacent macrocell
networks [10]. Proper tuning of the femtocell
transmit power varies the interference scenarios
[11]. Femtocell has extensive self-organization
capabilities to enable simple plug-and-play
deployment. It is also designed to integrate
automatically into an existing macrocell network.
These self-capabilities are implemented using
several algorithms that automatically change certain
network configuration parameters (radiated power,
channels, neighbor list, and handover parameters)
in response to any change in the environment it is
operating in [12]. For successful deployment of
self-organization, there are three main functions
need to be performed: (i) Self-configuration in pre-
operational state, (ii) Self-optimization in an
operational state, and (iii) Self-healing in case of
failure of a network element.

One example of  self-organizing
capabilities in femtocell deployments is power
optimization.  Self-configuration function can
transmit power based on the measurement of
interference from neighbouring base stations in a
manner that achieves roughly constant cell
coverage. The HeNB then performs a self-
optimization function that continually adjusts the
transmit power, so that the femtocell coverage does
not leak to the outdoor area, while guaranteeing
quality indoor coverage for the femtocell users
[13]. Although femtocells are low power base
stations, the massive deployment of them will result
in increasing the total power consumption of the
LTE-A network [14]. Therefore, efficient methods,
such as sleep mode and power control are used to
reduce the power consumption, while maintaining
the performance of femtocells [15]. Power control
techniques can be classified into centralized and
distributed techniques. The centralized power
control technique needs a central controller and
global information of all the link gains. It requires
extensive control signalling in the network and it is
subject to delays and congestion of wireline internet
access. On the contrary, distributed technique only
uses local information to control the transmit
power. It is easier to implement considering the

decentralized nature of the femtocells and the
uncertainty about the number and location of the
nearby femto base stations [16].

In this paper, a dynamic fractional pathloss
compensation based power control scheme for
interference  mitigation in  LTE-Advanced
macro/femto networks is proposed; to reduce the
outage of the MUEs, while maintaining the
performance of the HUEs. The scheme allows the
implementation of the concept, whereby the
coverage follows HUE, without requiring HUE
positioning technique and hence saving the
transmission of such information and reduces the
complexity of localization techniques. Instead, the
position of the HUE is estimated using the
measurement reports between the HUE and the
HeNB. However, the minimum level of power
transmission is constrained to the target SINR of
the HUE that satisfies the QoS requirements.
Moreover, partial pathloss compensation is used in
calculating the minimum transmit power, which
helps in mitigating the interference to the
neighbouring cells. The fractional compensation
parameter is set adaptively based on the type of
service for the HUE to guarantee the target SINR
that satisfy the data rate required by the HUE. The
performance of the scheme is evaluated via system-
level simulation for the metrics of SINR, outage
probability and the spectral efficiency. The rest of
this paper is organized as follows: literature review
on previous works is presented in Section 2, system
model in Section 3, proposed power control scheme
and the simulation scenario in Section 4, results and
discussion in Section 5 and conclusion in Section 6.

2. RELATED WORK

Different power control techniques in
femtocell networks have been proposed in the
literature. A method that discriminates between
indoor and outdoor is presented in [17]. The
location information is gained from the
discrimination procedure, together with the
required SINR that is used to perform power
control for the HeNB. The proposed scheme
outperforms the random power scheme by
providing higher SINR for the home user
equipment HUEs. However, the performance gap
between the proposed scheme and the random
method has decreased in environments with higher
shadowing effect. This is due to the poor accuracy
of positional state discrimination. A location
dependent power setting (LDPS) method has been
proposed in [18], in which the HeNB transmits
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power based on the distance between the HeNB and
the eNB. The HeNB transmits at the same power
level without responding to the mobility of the
home HUES inside the femtocell. Therefore, LDPS
saves HeNB energy, with an exception when the
HeNB is close to eNB. In this situation, the HeNB
needs to transmit at a higher power level to
establish connections to its indoor users.

A power control problem is formulated in
[19], considering the worst-case scenario, assuming
no dominating interferer. A heuristic distributed
algorithm is executed to determine the optimum
power level. The algorithm determines the
admissible subset of users on the given sub-channel
by eliminating the interferers if no feasible solution
for a sub-channel. The scheme delivers suboptimal
results. However, the effect of the user mobility is
neglected in this study. Reference [20] has focused
on solving the downlink interference problem. The
power control-based interference  mitigation
algorithms have been designed and evaluated.
Initially, the fixed power level operation is
considered. Then two additional adaptive power
control algorithms are implemented: (i) Femto-QoS
power control that performs HeNB power back off
under the constraint of minimum QoS at HUEs
being maintained; and (ii) Macro-QoS power
control that limits the HeNB interference to the
macro network certain requirements of macro user
performance. Results show that the HeNB power
control can reduce the number of macro users
driven into an outage by the HeNB, but at the cost
of reducing the HUE quality of service.

An investigation of  co-channel
deployment of femtocell and macrocell network is
presented in [21]. It also proposed a macro user
(MUE) assisted HeNB power control scheme that
adjusts the transmit power of the HeNB when
receiving an interference message from an MUE.
Two timers are used to decrease or increase the
transmit power. The scheme can reduce the outage
probability for the victim MUEs and avoid
unnecessary throughput loss of the HeNBs.
However, the interference between femtocells is not
considered in this study. Moreover, the MUE needs
to send interference messages to HeNB, yet there is
no direct connection between HeNB and MUE,
which implies possible delay and low reliability in
transmitting the control information. The boundary
of equal received signal power from the HeNB and
eNB is derived in [22], taking into account the wall
penetration  loss. By  exploiting  location
information, a transmit power control scheme is

proposed for HeNB accounting for different types
of interference from eNBs. Compared to UE-
measurement based transmit power control, the
proposed scheme might be deficient since other
impairments such as multipath fading and
shadowing are not considered. However, the
scheme would be applicable as a configuration step
when there is no UE associated with the HeNB.

For power control-based location
techniques, when the power setting depends on
location of HeNB to the eNB the transmit power
will be fixed and not adapted to the mobility of
HUESs and MUEs and the QoS requirements. On the
other hand, the techniques that require the location
of the HUE would add more complexity due to the
need of localization technique. A substantial
performance improvement (i.e. outage probability)
could be achieved for the MUEs by using power
control techniques based interference mitigation.
However this would be at the expense of the
throughput degradation for the HUEs, therefore a
trade off must exist.

3. SYSTEM MODEL

The system model is used to study the
interference impact on the performance MUEs and
indoor HUEs, in terms of the SINR, the outage
probability of MUEs and the spectral efficiency,
due to the introduction of the power control
approach for femtocell base stations.

3.1 Interference Scenario

In the downlink, the received signal at the

HUE contains the OFDMA transmitted symbols of

the serving base station plus the interference

induced by nearby femto and macro base stations

[23]. Figure 1 shows the interference scenario used

in this study. Two types of interference are

considered:

(i) Cross-tier interference: occurs among the
elements of different tiers of the network. For
example, a HeNB causes interference to the
downlink of MUE nearby [24] as shown in
Figure 1(a).

(ii) Co-tier interference: occurs between network
elements that belong to the same tier. In this
case, it is the interference caused by a femtocell
to another femtocell user [24] as shown in Fig.
1(b).

The access methods used in femtocell have

a substantial effect on the overall interference. The
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co-tier interference is more severe in closed access
mode, compared to open access mode [25].
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(b) Co-Tier Interference
Figure 1: Interference Scenario

3.2 Propagation and SINR Models

In this study, the 3GPP LTE-Advanced
path loss models for urban deployments have been
adopted [30], in which the path loss between the
eNB and the UE is calculated as follows:

15.3+37.6log, R outdoor
PL,(dB)= S foudoort )

15.3+37.6log,,R+L  (indoor UE)
where, R is the distance between the UE and eNB
in meters and Low is the penetration loss of an
outdoor wall, which is 20 dB.

The path loss between HeNB and UE
within or outside an apartment for 5x5 grid
scenario is calculated by using:

_ R
PL,,,, (dB) = 127+ 30log,,( % wp) @

The received downlink signal to
interference plus noise ratio of the HUE with a
group of F femtocell BSs and M macrocell BSs can
be expressed as [26]:

E-ISSN: 1817-3195
B, ;
yHUE F . Mo ( )
z })rju + z })rll{ + I)n
e i=1
il

where Rfu is the received power measured by
HUE,

Rju represents the received power from the

from its serving HeNB number f,

interfering HeNB number j, Priu is the interfering

power received by HUE, from the eNB number i.
P, is the received thermal noise power.

The downlink signal to interference plus
noise ratio for any MUE can be calculated using:

“4)

where P is the received power at MUE, from its

serving eNB number m. The rest of the parameters
follow the same definition as in equation 3.12

3.3 Spectral Efficiency

The spectral efficiency of a channel can be
estimated by the attenuated and truncated form of
Shannon bound [27]. For a particular SINR, the
spectral efficiency can be determined by the
following:

Thr=0 SINR<SINR,,,
SE [bps / F| = Thr=c.S(SINR) SINR,,, < SINR < SINR,,,, ®)
171}’:171;’rmx SINR>SINR,, .

where, S(SINR) = logy(1+SINR) is Shannon bound,
o is the attenuation factor, SINR,,;, and SINR,,,. are
the minimum and maximum SINRs supported by
the available AMC scheme. Thr,,, is the maximum
spectral efficiency. The parameters o, SINR,;,,
SINR,,.. and Thr,,, are set to 0.6, -10 dB, 23 dB and
4.4bps/Hz in this study [27].

3.4 Traffic Model

Three types of service are considered, for
which the proposed scheme has to guarantee the
QoS. The services are (i) voice over IP (VoIP), (ii)
data and (iii) web services. The assumed
distribution of the users with different services is
presented in Table 1 [30]. However, different
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distributions might be used in some simulation
scenarios.

Table 1: Different type of services.

Service Rate Requirement Ratio
VoIP 64 kbps 10%
Data [512-2000] kbps 40%
Web > 64 kbps 50%

4. PROPOSED POWER CONTROL
SCHEME

The basic requirement for a HeNB is to
provide a strong enough signal for its HUEs. On the
other hand, the transmit power should not be too
high, as to create strong interference to the
neighbouring femtocells or MUEs.

4.1 Analytical Model

In this paper, a distributed HUE-assisted
based power control scheme is proposed. The
transmit power (P,) is adjusted according to the
location of the HUE in the femtocell coverage area
as in (6):

K
d
};_:n/ll.n max me 7 ’Emin ’Ptmax (6)
Ry

where, d is the distance between the HUE and
HeNB. Ry is the radius of the femtocell. Pyya, Poin
are the maximum and minimum transmitting power
of HeNB, respectively. P,,;, depends on the SINR
target related to the QoS requirements of the HUE.
K is an exponent that controls the dynamic range of
power control.

However, it is more convenient and
practical to estimate the parameter d from the
reported path loss between HUE and the
corresponding HeNB, without acquiring HUE
position information. The path loss can be given as
follows:

PL:x(f)+Nlog10(d)+xJ @)

where x(f) represents the dependence of the path
loss on the frequency. N is a coefficient related to
the type of environment. x, denotes the shadow
fading, is a Gaussian random variable with zero
mean 6° variance.

The distance (d) can be expressed as an
exponential function:

1
—x(PL-x(f)-x, )
d=10" (8)

This can be written as:

1
—*Pyg

d=10" 9)

Considering (9), the formula (6) can be
modified in the following manner:

P 1(10)

7

1K
1
7X(P"’Pmax)
P_=min| maxy P, X{]()N v } P

The P, is calculated to guarantee the
target SINR of the HUE. Furthermore, the path-loss
is partially compensated [28] as in (11):

Py = it SNG40 Pr. 16 i 1) (1)

where, I, is the average link interference, PLg,, is
the path-loss between HUE and the serving HeNB,
a is a fractional compensation parameter between 0
and 1. Note that if o=1, then the full path-loss
compensated. P, pens 1S the minimum allowed
power that is transmitted by HeNB, which is set to
0 dBm as in 3GPP standard [30].

The fractional compensation parameter (o)
is set adaptively based on the target SINR
according to:

Veuri .
1- cur,i i ' <
( / ) i Vewr < Vi
}/rar,i
Y curi

where y.,.; is the current value of SINR for the
femtocell user number i, and y,,,; is his target SINR.

(12)

oa =

U vur > Viar

4.2 Algorithm Description

This algorithm is to be executed in each

HeNB individually to find the suitable power level

that guarantee QoS requirements for each HUE (In

this simulation the HUE SE is considered as the

QoS criterion). The proposed algorithm is described

in details below:

1. The HeNB collects the information fed back by
the HUEs within its transmission range. Based
on this information the HeNB determines
whether the newly attached HUE is the furthest
among the whole attached HUEs. Thus, the
power control will be triggered.

2. To perform the power control, firstly the target
SINR (yy,) of the HUE is calculated based on
the type of service requirements for it
(basically the minimum throughput required to
guarantee good quality of service). Based on

e ——
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the vya and the fractional pathloss 27:  reset the no. of PWR updates to zero
compensation parameter o is calculated

according to equation 12. Based on these
parameters the minimum transmit power level
is determined according to equation 11.

3. The femtocell base station will make a
decision based on based on the values of the
current SINR and the target SINR of the HUE.

a. If the current SINR is less than the target
SINR then the transmit power will be updated
based on equation 10.

4. Otherwise, the HeNB should be powered down
by a step of AP,,.

5. In each HeNB a counter is used to count the
number of transmit power updates during a
certain period. If the HeNB transmit power is
not updated then a periodical update is
triggered regardless of the attachment of a new
user and the counter is reset to zero. Then the
power control will be executed with the same
procedure as when a new HUE is attached.

The algorithm for the proposed dynamic
scheme is shown in the following pseudo code:

4.3 Simulation Scenario

The downlink macrocell/femtocell
scenario as in Figure 1 is considered with seven
eNBs at the centre of each macrocell. A typical 5%5
grid scenario of a dense urban area for femtocells
with 25 houses, whereby each house has the size of
10mx10m is located at the edge of the centered
macrocell (Fig.1). Twenty HeNBs are located
randomly and uniformly in the houses. The closed
access method is considered for HeNBs. This
means only closed subscriber group (CSG) is
allowed to connect to the femtocell, which is a
preferred access mode by the residential owners
that subscribe femtocell service. MUEs are
randomly distributed with 15% indoor and the
HUESs are located indoor within the coverage area
with a specified minimum separation from their
serving base station. A random waypoint model is
used in characterizing the mobility of the users. The
HUEs move with a velocity of 1 m/s, i.e. at
pedestrian speed. Table 2 shows the main

Algorithm of the proposed scheme

simulation parameters for both eNB and HeNB,

1: for F number of active HeNB

2: ifi=1:n HUE get active in under HeNB

3: if k; is the distance from the F® HeNB to HUE
4 calculate y,,-and a

5: calculate Py, based on y,,and a

6: if Yeur of HUE 1ew < Yiar

7 calculate power based on mathematical Eq.
8 increase the number of power updates byl
9 else if (Yo of HUE e > Y1ar)

10: reduce power by AP,

11: increase the number of power updates byl
12: end if

13:  else

14: break

15:  endif

16: else

17:  break

18: end if

19: each 10 Sec check the following

20: ifno. of PWR updates=0

21:  ifyar of HUE with distance ki< y,,
22: repeat step 7

23:  else

24: repeat step 10
25:  endif

26: else

whieh—confirmed with 3GPP TR 36.814 [29].
Matlab is used to simulate the system.

Table 2: Simulation Parameters.

eNB
Parameter Typical value
Cell Radius 500 m
Bandwidth 20 MHz
Carrier Frequency 2000 MHz
Antenna Gain 14 dBi
eNB transmit power 46 dBm
Log-normal shadowing standard 8dB
deviation
Thermal noise density -174 dBm/Hz
Penetration Loss 20 dBm
Minimum distance between UE and >=35m
cell
HeNB
Parameter Typical value
Cell Radius 10 m
Bandwidth 20 MHz
Carrier Frequency 2000 MHz
Antenna Gain 5 dBi
HeNB transmit power 20 dBm
Log-normal shadowing standard 10 dB
deviation
Thermal noise density -174 dBm/Hz
Antenna pattern Omnidirectional
Min separation UE to HeNB 20 cm
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5. RESULTS AND DISCISSION

The main purpose of the power setting is
to maintain the HUE coverage, throughput and to
mitigate the co/cross-tier interference experienced
by the neighbouring UEs. In this system level
simulation, the performance of the power control
approach in reducing the outage probability of
MUEs is investigated. The outage probability of
MUEs is defined as the ratio of MUEs who’s SINR
is bellow -6 dB to the total number of MUEs [27].

Figure 2 shows the average MUE outage
probability for three different scenarios. From the
results, it is obvious that the proposed dynamic
scheme with adaptive fractional compensation
parameter o outperforms the other two schemes. A
reduction of 23% in the outage probability is
achieved compared to the baseline scenario with
maximum fixed transmit power (20 dBm) where the
interference induced by the femtocell on the MUE
should be severe. Furthermore, the proposed
dynamic scheme appears to be more effective in
mitigating the cross-tier interference rather than the
static scheme with fixed fractional compensation
parameter o = 1; where only a 5.5% outage
reduction is obtained compared to baseline scenario

1 . , . .

0af .- PCiodynamic) P N SRUEY S R
PC{o=1)
Baseline

o
m

Probability (Average outage < Abscisss)
= ] ] = = =
ma o £ m o =~
T . T . . T

o

0 i i i i i i i i
002 004 005 008 01 012 044 046 0418 02 022
Average outage probability of MUE

Figure 2: Average Outage Probability of MUEs

The results for the average MUE SINR are
presented in Figure 3. From the results SINR gains
of 0.56 dB and 2.45 dB are obtained by deploying
the proposed dynamic scheme and the proposed
static scheme respectively compared to the baseline
scenario. It is apparent that the MUEs get the
poorer received signal from the macrocell when
using the fixed maximum transmit power in the
baseline scenario for the HeNBs, where the highest
interference is received from the CSG femtocells
especially by the cell-edge MUEs. However, the

proposed dynamic scheme with adaptive fractional
pathloss compensation has succeeded in improving
the received signal for the MUEs by mitigating the
cross-tier interference from femtocells, which result
in more SINR gain.

1 T T T T

P edynamic] |- oo
Pra=1)
Baseline

o
o
T

o o o = o
L = [is} o =l
—

Frobahility (Average SINR < Abscissa)

=
]
T

; 1 i i L
5 8 10 12 14 16 18 20 2
Awerage MUE SINR [dB]

Figure 3: Average MUE SINR

The average HeNB transmit power for
static and dynamic schemes are shown in Figure 4.
The results illustrate that by properly selecting the
HeNB transmit power level using the proposed
dynamic scheme with adaptive a; a remarkable
power reduction of 45.5% (from 18.35 dBm to 10
dBm) is accomplished, in comparison to the static
scheme with a = 1. Comparing to the baseline
scenario where the HeNB transmits at a fixed
maximum power of 20 dBm, a power saving of 10
dBm is gained by using the proposed dynamic
scheme. Although femtocells are low powered base
stations, these power savings are crucial for green
deployment of femtocells; especially for dense
deployment of femtocells that would result in
increasing the total network consumption as
millions of femtocells are expected to be deployed
in the next few years.

PG| S
—PCfe=)

o o o o o o o o
b B M m ~ b @
T T T T T T T T

Probahility (Average transmit power < Abscissa)

=1

0 i i i i 1
2 4 B g 10 12 14 18 18 il

Average HeNB transmit power [dBm]

Figure 4: Average HeNB Transmit Power
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By reducing the HeNB transmit power to
50% wusing the proposed dynamic scheme
comparing to the baseline scenario, a remarkable
drop in the HUE SINR is expected. However, the
results in Figure 5 show that minor reduction on
HUE SINR (0.95 dB) occurs when using the
proposed dynamic scheme. In this simulation, a 5x5
grid scenario for femtocells is used, in which short
distances between the neighbouring femtocells
exist. Thus, the co-tier interference between
femtocells increases. Since the femtocells are
located at the edge of the macrocell in this
simulation, the co-tier interference is more critical.
By setting the HeNB transmission power according
to the location of the HUE inside the femtocell; the
co-tier interference between femtocells could be
reduced. However, adaptive fractional pathloss
compensation helps to achieve more co-tier
interference  mitigation. That explains the
maintaining of good HUE SINR level, despite the
huge reduction in the transmit power.

09k PC{adynamic) booeene ............... o
——Po(esl) : :

Baseling

08

[aR=1 T T L B Y S
0.3r

Probability {Average SINR < Abscissa)

Awerage HUE SIMR [dB]

Figure 5: Average SINR of HUE

the proposed dynamic scheme with
adaptive fractional pathloss compensation, sets the
minimum transmit power level of the HeNB
adaptively based on the target SINR of the HUE that
would guarantee the minimum data rate required by
its type of service. As shown in Figure 6 the HUE
spectral efficiency is still maintained when using the
proposed dynamic scheme despite the reduction of
HeNB transmit power; with a slight decrement of
5.27% compared to the baseline scenario. On the
contrary, a degradation of 22.68% occurs in the
HUE SE when using fixed minimum transmit power
level of 0dBm; as in this scenario the HeNB
transmit power would be powered down without
constraint that considers the QoS requirements of
the femtocell users.
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The baseline scenario provides the worst
performance of MUEs in terms of outage
probability as shown in Figure 7. By using the
proposed dynamic scheme with adaptive minimum
transmit power a remarkable reduction in the outage
probability of MUEs is achieved. However, more
HeNB power reduction could be obtained by using
the fixed minimum transmit power. Hence, more
cross-tier interference could be minimized, which in
turn will incur less MUE outage. Furthermore, by
minimizing the aggregated interference, more SINR
gains could be achieved. Thus, the scenario with
fixed minimum transmit power could achieve more
enhancement in MUE SINR. However, this
enhancement is at the cost of the performance of
HUE:s as illustrated in the previous results (Fig. 6).
Therefore, proposed dynamic scheme with adaptive
minimum transmit power appears to provide a better
compromise between the performance of MUEs and
HUEs.

o9} Prmin (fix) L N
. — PClodynamic] |
§ 0s Baseline q
2 -
2
Z07F 1
W
= 0B B
ad
g
o 061 i
&
il
704 1
=
=03 1
=
&
=
2 02r q
o

01 B

i i n 1 H i
005 008 01 012 014 016 018 02
Awerage outage probability of MUE

Figure 7. Average MUE Outage for Adaptive P, fixed
Pyin and baseline Scenarios

0 i L
0 0oz 004

310



Journal of Theoretical and Applied Information Technology
20" January 2016. Vol.83. No.2 P

© 2005 - 2015 JATIT & LLS. All rights reserved

SATIT

ISSN: 1992-8645

Www.jatit.org

E-ISSN: 1817-3195

6. CONCLUSION

In this paper, a power control scheme
based on HUE measurements is proposed. The
transmit power of the HeNB is adjusted based on
the location of the HUE in the femtocell. However,
the location is estimated based on the path loss
measurements of the HUE to eliminate the
complexity of wusing positioning techniques.
Furthermore, the minimum Ilevel of power
transmission is constrained to the target SINR that
is set according to the required HUE QoS. In
addition, the minimum transmit power is calculated
based on fractional compensation for the path-loss,
which helps more in mitigating the interference to
the neighbouring cells. The system level simulation
results show that the proposed scheme has reduced
the outage probability for the MUEs. Moreover,
minimizing the transmit power, according to the
position of HUE helps to reduce the power
consumption for greener deployment of femtocells,
while conserving good performance for the HUEs
in terms of SE. Thus, the proposed dynamic scheme
has provided better compromise between the
performance of MUEs and HUE:s.
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