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Abstract: Femtocell is a low power base station, wirelesesgc
point designed especially for homes and small argdions. It is
promising technology for operators to improve theapacity and
for users to give indoor coverage. As mobile useesincreasing
day by day so the legacy system is unable to peositth a high
data rates to all these users. In this case fettgqiay a key role to
offfoad the data traffic from macro base stationheT
implementation of femtocell has posed so many ehghs like
interference, localization, access control and titgbhanagement.
The aim of this paper is to present an enhancedridign for
handover in Hand-In scenario. In already existingo@dthms
handover is decided on the basis of a single pasarbet here we
have simulated an algorithm that considers multipteameters
instead of a single parameter for handover. Thrahghalgorithm,
the most suitable femtocell will be selected fondaver, hence
number of handovers will be decreased. Simulatesults show
that the system performance has been improved.

Keywords. Femtocell, Handover, Interference, Macro-cell, Hamd
Mobility Management

1. Introduction

Nowadays, one can observe that the capacity derfand
mobile wireless communication has increased up larger
extent and the mobile operators are trying to bimmgvative
and low cost solution to meet the requirements s¥rsl
According to a survey by International Telecommatian
Union, data capacity is used 5% more by the smartph
users comparatively to standard phone users. Theahn

economically viable due to the deployment of Bati&hs
(BS). Hence, network operators opted for smallscletiown
as femtocells as a solution for the improvemenhetivork
coverage that specifically address the indoor neohaers.
For the service providers, this integration of fecatls in
macro-cell not only offloads the traffic but alsaings
reduction in the investment capital, operationastsoand
maintenance cost [2]. Moreover, it also makes thidular
network reliable. Advantage to the indoor userightdata
rate while they are surfing internet in their horaesl offices
in an urban area.

These small cell base stations are also termed eastoF
Access Points (FAPs), and are short range and tovepi.e.
10-30m and 10-100mW respectively [3]. It has go¢ th
benefit of Plug-and-Play device so that users casilye
operate these devices. Femtocells work in the diegn
spectrum owned by the operator and are connectdtleto
core network through DSL, cable or optical fibet.id$
installation is quite different from macro-cellss these are
Plug and Play devices so a user can easily instad
maintain it in an unplanned manner. This uncootgitha
nature of femtocells has created problem of RadisoRrce
Management and handover. For the integration ofdeefis
in the LTE-A existing network it is necessary thhere
should be efficient procedures for the handoveks [4

The integration on femtocells into macro-cell résuh a

penetration of smartphones is 30% while demand féwo-tier network and the handovers algorithms drat used

capacity is 70-200% per year. Current legacy nétwannot

in rationally in macro cell cannot satisfy the niipiof user

compete with this data explosion as these are dyrealn Such a two-tier network. In the literature, there various
saturated and having capacity crises. Due to limitehandover schemes that are based on different paeesTas

availability of resources the existing technologgncot
utilize the advance applications in an efficientyvead there
are issues that need to be solved.

This prominent increase in the data traffic has fut
attention of researchers to this area to bring hew ideas
and such network topologies that efficiently fuilfithe
demands of the users [1]. A study on wireless ugagjeate
that 2/3 of the voice and 90% of data traffic isldor so
researchers suggested to offload the data trafiim inacro-
cells which will be a great relief for operatorsdaas well as
subscribers.

Too much attention was given to the transmittirgnais in
order to find their better formats and also toithprovement
of transmitter and receiver technology. Other apphofor
solving the problem of capacity and coverage ibring the
transmitter and receiver into close vicinity of eacther.
Operators lost their interest in this approachhés was not

decision parameters but they are not sufficienttéav-tier
network. We have presented an algorithm that censid
more than one parameter for the handover decision.

2. Background

Over the past couple of years there has been diadras
increase in the users of data traffic and legacseless
system was unable to provide such services to skesuln
order to compete with the challenges International
Telecommunications Union Radio sector (IMT-R) idtuced

a set of requirements called International Mobile
Telecommunication Advanced (IMT-Advanced) to take a
step towards next generation i.e. 4G [5]. In respaio such
requirements of IMT-A, 3GPP submitted its technglag a
candidate for the next generation and it was cdll€H-A.
LTE-A can also be termed as 4G as it has got thawed
performance comparatively to early 3G and 3G LTE
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technologies. The main features of LTE-A, are arri traffic.

Aggregation (CA), enhanced Multi Input Multi Outpet

MIMO, Coordinated Multipoint (CoMP) Transmissiondan

Reception, support for Heterogeneous Networks (fHs)

and Relaying.

LTE-A has improved throughput due to CA, which et
fragmentation of the bandwidth into small compogrefar

the transmission between mobile and base statiprT fere

must be five fragments but the whole transmissiastiot

The femtocell network is composed of HeNB and HeNB
Gateway. This new element is present between HelBte
Core Network. At this position, it acts as a sdrtioal role,
like for Core Network it's a sort of “virtual” macreNB
while for HeNB act as “virtual” Core Network. Tooamy
HeNBs are connected to HeNB-GW through S1 interface
These S1 and X1 are nothing but just logical iatest for
the transfer of signals through logical layer. Alese

exceed 100 MHz [7]. Increased data rate, systemel lexcomponents are given in Figure 1.

performance and improved coverage is obtained ¢fraas
MIMO in which antennas are extended up to 8x8 fardnd
4x4 for UL [8]. In order to improve the cell eddedugh put
an advanced form of MIMO was introduced in LTE-Alled
CoMP [9]. In earlier wireless communication teclogés
single carrier modulation techniques were used fvbieated
the problem of multi-path fading and Inter
Interference (ISI) but LTE-A eliminated all thessues by
multiple modulation carrier i.e. OFDMA for DI whil&C-
FDMA for UL. Besides all these technologies in LAE-
there is support for
improvement of coverage and capacity.

The aim of LTE-Advanced is not only to improve the

idea revolves around the deployment ¢ ;,\/ 4

throughput for external users but also has givefiepence to
the indoor users i.e. to improve the coverage apmhcity.
This whole
heterogeneous (Het-Nets) networks. With such depdoy,
indoor users can smoothly use the advance applicatf

LTE-Advanced and thus the revenue of operators lman

increased. The macro-cell serve the large area loxsthrate
services while on the other hand these small bts@rss
serve small coverage area with high speed services.

Het-Net is a mixture of few low power nodes like ara,

Femto-, pico-, and Remote Radio Heads (RRH). Theee
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Figure 1. Integration of Femtocell in LTE network i.e. Two
tier network.

categorized on the basis of Transmission Powereggc [N femtocells, the access of users can be comtribiree ways

Deployment Methods and Backhaul Connectivity [1B¢r
the improvement of spectral efficiency, throughmayerage
and capacity different techniques were used likkaaoed
antennas and different small base stations like-pédls and

[12]. First one is Closed Access mode in which sisae
registered in a group called Closed Subscriber B{@5G),
so that only registered users can access the fethtS8econd
one is Open Access mode in which any user can sithes

even Nano-cells but all these technologies haver thdemtocell and can avail its services but it's neture. Hybrid

limitations. For instance, Relays, cannot improve indoor
coverage and the cost of micro and Nano-cells it dugh
for operators to afford.

So, for the improvement of system capacity andquet@nce
3GPP for the first time in release 8 introduced ubage of
home base stations in the existing networks andha

mode is a mixture of open and closed type in which
preference is given to those users which are ergidt

The deployment of femtocells in the existing netwbias
improved the system capacity and also the covebag®n
the other hand this deployment has posed so maailenbes

for the operators. The main technical challenges ar

upcoming generations [11]. Femtocells are callednglo Interference, Mobility and Handover, Backhaul, Regtd
NodeB (HNB) in LTE while in LTE-Advanced these areaccess, Synchronization and localization.

termed as Home enhanced NodeB (HeNB).

In this paper, the focus is on the Mobility Manag&mand

The architecture of 3GPP LTE-Advanced has threenmaliandover issue. Mobility and handover is a challegpgask
components: UE, eNodeB and the Evolved Packet Coire femtocell because femtocells are interfacedh® €ore

(EPC) network so femtocells were included in théstag
network to function and interact with the network @her

Network through broadband connection and this Kighl
effects the handover techniques with the macrscé@lhere

components do. The eNodeBs are connected to eaehn ofS an immense need of such a handover algorithinutser

and as well as to the Mobility Management EntityMH),
for inter-eNodeB handover there is X2 interfacewsen
eNodeBs. For LTE access network MME plays a keg dfl
control node and whose function is to process tgeats
between UE and Core Network while S-GW controlsdaa

can avail the services without any sort of intefip while
moving through different cells like macro-, micradaeven
femtocells. The conventional handover techniquesnaa
satisfy the user demands in two-tier networks dueheir
design principle for only one sort of cells.
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This algorithm is enough good as this has takeh pzds
_between UE and FAP as a decision parameter buthiis is
Ii§ften variation in path loss which has impact oe tHO
failure, one thing more is that the scenario caag$ single
macro and single femtocell which is not realispip@ach.

3. Handover Scenarios

The mobile user moves randomly so according to
movement there are three types of handover scenatand-
In is a type of scenario when a user moves fronaeroacell
to a femtocell [13]. From the handover perspectives a
complex scenario as there are so many femtoceltssbard

for the mobile user to decide which one is moré¢asle for The focus is on the NCL problem in quite dense Detw
handover. Hand-Out_ s a scenario when a user leav?ﬁey implemented this algorithm on inter-Femtocell
femtocell and enters in to macro-cell area. This snrather scenario. In this algorithm, they have decreasedntimber
simple as there is not much scanning for the eallthe target of femtocells in NCL based on the user movement and

Ee”dls Just ?].ni rnat():ro-celrrr;e last (I)Ine 'Sf Inte;FEmtlocell location information of neighbor FAP. They have imiized
andover which is between femtocells to 1emtodels also  \o) byt have not set any parameter for suitable FéP

3.3 Neighbor Cell List Optimization Algorithm

very challenging as there will be so many targettéeells.
For such scenario, there is need of efficient haado
techniques.

The handover enables the movement of user frontelh¢o
another cell while using the services uninterrupal is the
case with femtocell, whenever a user moves fromnto

handover [16].

4. Proposed Algorithm

This algorithm has improved the performance of @arell in
terms of decreased number of handover and impr@es.

femtocell it will need a handover to use the sawic IN€ flow chart of proposed algo is given in Figlre
seamlessly. We have discussed different scenatias t The scenario is composed of a single macro-cellnamitiple

whenever a user moves from a macro-cell to a feslitoc

from one femtocell to another femtocell it will mkea
handover and such handover scenarios are compexhed
femtocells are densely deployed and the coveraga &
small so whenever a user moves it undergoes fréquren
unnecessary handovers which effects the QoS &mtwe
need such a handover algorithm that decrease théaruof
handovers and improves the QoS and also the caxerag

femtocells. As we have discussed that the threeskiof
scenario regarding handover and we have opted doidHin
scenario, in which a user is going to enter fromaxro-cell
to a femtocell area. The problem arises in thisade when
a user enters from a macro-cell to a femtocell dilea
residential building or an organization so for anuhere are
so many femtocells. As femtocell, has limited cager and
are deployed with in close vicinity of each othier.such a

Handover Management is one of the key driver fae thScenario, the UE suffers from frequent and unnecgss

seamless service to the user in the deploymermratiofcell in

handovers that effects the QoS. UE is unable t&csal best

already exiting LTE-Advanced network [12]. A typica Suitable FAP for handover.

handover technique is composed of few steps tleatisted
below.

1. Measurement Report.
2. Handover Decision.
3. Handover Execution.

In literature, there are already different handoafgorithms
which are going to discuss in the next section.

3.1 Received Signal Strength Based Handover
Algorithm

This class of handover algorithm is based on Reck8ignal
Strength [14]. In order to minimize the probability HO

along with ping pong effect this sort of algoritttonsider a
threshold called HO Hysteresis Margin for the corgmen of
signal strength between serving and target cell.

This algorithm considered the asymmetrical transiois
powers of macro-cell and femtocell but did not ddes
other parameters like BW, UE speed and accessitpehin

this single Macro-Femto model.

3.2 Received Signal Strength and Path Loss
Model HO Algorithm

In this technique, they have considered two pararaefor
Hand-in scenario i.e. RSS and Path loss. They balezted

A multi-step handover algorithm is presented irs thaper
that will decrease the number of unnecessary hardand
select the best suitable FAP for the incoming UEreHthe
cell to which UE is already connected is termedSasving
Cell and the other cell to which handover is expécts
called as Target Cell. Our algorithm consists oé¢hphases
of filtering which will decrease the number of FAR
Neighbor Cell List (NCL) and will filter out the BeFAP for
handover.

The first phase of filtration is that UE will measuthe power
of the femtocells. As we know that the UE is congia
sending the measurement report to gerving cell that
contains signal power, SINR and so on. UE will canepthe
power of femtocells with Handover Margin (HOM). HO!
a variable that specify a threshold for the congmari
between the Reference Signal Received Power ofarwatt
and target femtocell. Another variable is Time tdgger
(TTT) that is duration for which the handover cdimti is
checked.

RSRRy, -RSRRs) >HOM (1)

Here RSRR, and RSRR, are the signal powers of Serving
Cell and target Cell received by the UE.
This condition will filter out most of the targeerhtocells

a minimum threshold and handover would be possible whose signal level is lower than that of the segviell and

RSRP is greater than threshold plus HHM. Third pester
is path loss [15].

hence make the procedure of handover simpler.



International Journal of Communication Networks &mfdrmation Security (IJCNIS)

1. Serving Cell
A) HIGH RSRP Cell
B) instructed by
previous
Serving cell

Check the Check for the
control list non CSG
of the target candidate

cell cell

NO

UE collects
measurement
report and
send back to
serving node

YES

Serving cell
directs
the UE to
handover
to the
target cell

“Handover condition”
< RSRP(T)-RSRP(S) > HOM >
S Satisfied?

UE detaches
No from
the serving
cell
and attaches to
target cell

YES
Has the target cell
enough
capacity
for new UE

Select the second
highest RSRP
target
cell.

Figure 2. Flow chart of Proposed Algorithm

43
Vol. 9, No. 1, April 2017

Mobility Management Entity (MME). After acknowledgmt
from MME Ho command is send to the UE and it isadeed
from the serving cell to the target cell and thasdover is
completed.

5. Modeling of Femtocell in LTE-SIM

In order to simulate the proposed algorithm, wedus€E-

Sim as a simulator. LTE-Sim is an event driven emunent,

written in C++ language using object-oriented @atf [15].

This simulator has four main modules which are:tHg

Simulator, 2) the Network Manager, 3) the Flows iger

and 4) the Frame Manager. In this simulator, thare

different classes through which each node of LTEvaek

can be implemented. These classes are eNB class|dd§
and much more. There is another class in this sitoul
called protocolStac class whose function is to v
different LTE functionalities like e-UTRAN modelsn@

EPC, mobility, handover techniques and frequenaysee
The whole LTE protocol stack consists of three oekw
nodes which are UE, eNB and MME.

Moreover, LTE-Sim also supports well known scheuyli
algorithms like Proportional Fair (PF), MLWDF, ExPlFog

rules and AMC schemes [17]. CQI feedback is also
supported by this simulator and this is done by the

conversion of channel quality estimation reportrfrmobile

Now there may be one or more FAP whose RSRP igegreal® CQI feedbacks and is reported to eNB. Four itraff

than that of serving cell so its again complicdi@dthe UE
to which will it handover. If UE handover to a chiit it does

not have enough bandwidth to support an extra UEhso Sim, Channel module covers the models for packet

handover will be failed and UE will again start seng for
another FAP. This problem will increase the signadrhead,
more usage of battery and also disturbs the QoS.

To mitigate this issue, we have presented anothase of
filtration that will further filter out the femtodls which

generators have been developed in this simulatortriace-
based, on-off, infinite buffer, and constant biteran LTE-

transmission and propagation loss. This is donefduy
different phenomena the path loss, the penetrdtiss, the
shadowing and fast fading. When a macro user isléna
building in such a case this simulator considerditamhal
factor of attenuation due to the presence of eatemlls and

number will be decreased. After measuring the $igoaer
of the femtocells, the available bandwidth of th&geP is
measured. So, if the RSRP of a target cell is grehtn the
RSRP of serving cell and it has the capacity tgpsupa new
UE then UE will be handover to that FAP. In thisywa
suitable FAP will be selected for seamless switghirom
serving cell to target cell.

The last step is to determine whether the UE istexgd in
the Closed Subscriber Group or not. If it is regjist in the
CSG then handover will be triggered otherwise rothis
FAP will also be discarded and a non-CSG cell lzecsed
for handover from the NCL. If all these steps avégatisfied
in the specified TTT then the handover will be tesed UE
will again start searching and will be connected the
Serving cell.

By following the three steps of filtration discudsin this
algorithm a number of FAP are excluded from the NGL
which handover was expected and other advantatietisa
suitable FAP will be selected for handover. In they, the
number of unnecessary handovers will be decreaseavil
provide better services for the user during handdkam
macro-cell to a femtocell.

After the handover triggering criteria is fulfilledhandover
execution is performed by sending the HO requesth&

users. We have mentioned so many features of LTE-Si
which makes it flexible to use a complete systeritaulate
a femtocell scenario. Following are the steps faating a
femtocell scenario in LTE-Sim:

* Creation of Femtocell Scenario

* Creation of Femtocell User

5.1 Creation of Femtocell Scenario

This step means that we will have to construct FAR&le
buildings. Unique IDs are used for the identifioatof FAPs
and eNBs while Cartesian coordinate system cansbd to
define their positions [17]. All the information @it UE like
CQI feedbacks, uplink channel quality and uplinkestuling
requests are managed by ID and position trackimd.TIE-
Sim there is a header file “SingleCellWithFemtowtiich is
used for creating scenario by giving informatioroatbthe
number of buildings, location of building with FABjpe of
building and location of FUE etc.

In this simulator, a building is composed of diffet number
of apartments and each apartment defines the drea
femtocell. Two different types of buildings can teveloped
and used in LTE-Sim [18]. One is Dual Strip blocksl the
other is 5 x 5 apartment grid. Dual Strip type aflding is
composed of two rows of apartments and each rowagtn
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10 apartments. The later one is a grid of 5 x whias total
of 25 apartments. According to the traffic envir@mnthis
grid can also be modified. Different building typ@sLTE-

SIM are shown in Figure 3.

5% 5 apartment grid

Figure 3. Different building types in LTESIM

In this paper, we have considered a 3 x 3 grid&amd5 as
well. These are shown in shown in Fig. 3. In ownsgio, the
length and width of an apartment has been kept &tns
which makes the area to be 100m2. In such a bgiltipe,
each apartment with a single femtocell is considefk&his
will give us a total of 9 femtocells for a 3 x 3idgand 25
femtocells per apartment for 5 x 5 grid. All thessdtings for
grid of apartments inside a building can be donethyy
configuration of grid settings in the header
“SingleCellWithfemto.h”. NetworkManager.cpp formset
building walls while the building is built by theurction.
NetworkManager:CreateBuildingForFemtocells() whigpdts
the building ID form the main header file.

For the location of femtocell there is another lezdde i.e.
IndoorScenario.h through which a femtocell can laeqd at
the center of an apartment. In that scenario, tieeam array
of x_offset and y_offset which denotes the coordisaof
each and every FAP in an apartment.

5.2 Creation of Femtocell User(FUE)

In LTE-Sim there are also shell scripts rather thaader
files and these scripts are used for setting upntiveber of

file
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enters in to a building having multiple FAP. An @lghm is

presented so that a UE can select the best po$sititefor

handover to decrease the number of unnecessaryVensd
and also improve the throughput of the user. Inroxaell an

eNB is considered that operates in 20MHz bandwidth an

omni-directional antenna and located at (0, O)tfmsi

Table 1.Parameters & their values used in Proposed

Algorithm.
A. Parameter B. Value
C. Bandwidth D. 20MHz
E. Frame Structure F.FDD
G. eNB Power Transmission H. 43dBm
I. FAP Power Transmission J20dBm
K. CQl L. Full bandwidth and
Periodic Reporting Scheme
M. Apartment size N. 100m2
O. Building P. 1
Q. Users R. 5 per Femtocell
S. Traffic T. VolP

Main object of the study is:
e A two-tier network having Macro-cell and
femtocell is considered where conventional power
based handover algorithm is considered as
reference.
» The same scenario is considered but with multi-
filtering algorithm is used for handover from macro
cell to femtocell.
The number of users was fixed and mobile, each isser
getting real-time downlink (VOIP) flow from a sogrbaving
infinite buffer.
Figure 4 is the comparison of conventional poweseda
handover algorithm and our proposed algorithm withee
mobility of user is kept as pedestrian. This shalat the
number of unnecessary handovers decreased up reatelg
extent with the proposed algorithm.
The same proposed algorithm is applied on the sena
while the users are moving with the speeds of 5,305and

FUE. At the beginning of the simulation these ssrip 120km/nr.

generate loops for the creation of coordinatessfmmh FUE.
In this paper, the coordinates of the UE are thmesas the
FAP.

6. Simulation Results

In this section, simulation results of our proposégbrithms
are discussed which is related to the decreaserimbar of
unnecessary handovers and improvement in the thpautgf
UE. The simulation results showed the
performance of the proposed algorithm with the dgmlent
of 3 x 3 &5 x 5 femtocells grid using differenthsciuling
algorithms i.e. PF and MLWDF. The simulation partere
are given in the Table 1.

In this paper a scenario is investigated in whighacro UE

From Figure 5, Figure 6 and Figure 7, we can calelihat

as the speed of user has increased above 15krh#r. t
number of handovers increases because the userndbes
remain connected with the femtocell and switchesvben
femtocells. One other point is that for the sameesipof the
user the number of handover has increased for 5 x 5
comparatively to 3 x 3, it is due to the reasoi tha number

of femtocell has increased.

improvedVe have also investigated the average throughputhi®

user with the conventional handover algorithm alsd avith
the proposed algorithm using different schedulilggp@dthms
like Proportional Fair (PF) and Maximum-Largest Weighted
Delay First (M-LWDF) as shown in Figure 6 and Figur.
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From the resulting graph as shown in Figure 8 agdrE 9,
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the data traffic from macro-cell to femtocell besauthe

it is quite evident that the average throughputhefnetwork number of mobile user is increasing day by day winakes
has improved with the proposed handover algorithnthe network congested and lower the system perfocea
Throughput with M-LWDF scheduler is higher than PFThe integration of femtocells in Macro-cells alstréduced
because this channel aware scheduler also consige®s the problem of mobility management and especiatly t
requirements during scheduling while PF is unabde thandover between different networks. As frequemnidbaers

consider QoS requirements thus making it unsuitédslecal-
time applications.
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VoIP Throughput of 72 users with M-LWDF
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Figure 8. Comparison of throughput between power based

and proposed algorithm for 3 x 3 grid.

VoIP Throughput of 125 users with PF
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=

witth conventional algorithm with proposed algonthm

VoIP Throughput of 125 users with M-LWDF

T T

1000

Throughput (kbps)

0
with conventional algonthm with proposed algonthm

Figure 9. Comparison of throughput between power based

and proposed algorithm for 5 x 5 grid.

7. Conclusion
In this paper, the focused is on the mobility mamagnt of

femtocells in two-tier network. The main aim of the

integration of femtocell into LTE-A architecturetis offload

occur due to the movement of users from Macro-cells
femtocells which effects the system performance@a8. In
this regard, the algorithm is proposed that comsithand-In
handover scenario in which a user moves from a oreelt
in to a femtocells cluster. In such a scenario baadto a
femtocell depends upon various parameters. We tekien
RSRP, capacity of the femtocell and CSG as theraitfor
handover. The simulation results showed that tlopgsed
algorithm has far better performance than alreadgtiag
algorithms.
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