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Abstract The data rates for indoor users can be boosted using low power consuming

nodes like Femtos base stations (FBSs) in long term evolution networks. The manner in

which Femtos are deployed inside a building environment, with large number of users, can

significantly affect the throughput and number of handovers among Femtos. In our system

model, we take into account the following parameters: co-channel interference between

FBS and macro BSs, wall attenuation factor and user density in the enterprise building

environment. In this work, we formulate two mixed integer linear programming (MILP)

optimization models: optimal constant threshold signal to interference plus noise ratio

(OptCTSINR) which guarantees a certain minimum SINR and also minimizes the number

of Femtos needed for the coverage of enterprise buildings and optimal handover (OptHO)

which reduces the number of handovers when the user passes through a certain portion

(i.e., within a room or corridor) of the building. We solve these MILP models by utilizing

branch and cut framework of CPLEX solver using General Algebraic Modeling System

(GAMS) tool. When compared to K-means clustering based placement scheme, for a given

number of Femtos, proposed OptCTSINR scheme results in an average SINR improvement
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of 28 %. Similarly, our proposed OptHO scheme reduces 30 % of the unnecessary han-

dovers when compared to OptCTSINR scheme.

Keywords FBSs � MILP � OptCTSINR � OptHO

1 Introduction

Cisco VNI Mobile Forecast (2013) shows that although only 2.9 % of mobile connections

were Long Term Evolution (LTE) they accounted for 30 % of the mobile traffic and this

will rise to 51 % by 2018, due to which the mobile data usage will grow 11 fold to over 15

exabytes per month. With the advent of smartphones and tablets, there is a significant

increase in demand for spectrum every year. It is difficult for high frequency electro-

magnetic waves from macro base stations (MBSs) to penetrate inside buildings due to

physical obstacles like walls and floors. Hence coverage is poor in indoor environments, as

a result of which indoor users suffer from very low data rates. As per recent statistics from

Cisco and Hauwai, 70 % of the traffic comes from indoor environments. Hence, it becomes

important for mobile operators to boost data rates for indoor users. In order to achieve this,

3GPP came up with low power nodes like Femto BSs (FBSs) for indoor and dense outdoor

environments [1]. FBS access [2] is classified into three types namely open, closed and

hybrid. In open access, all user equipments (UEs) of cellular (mobile) network operators

are allowed to connect, but in closed access, only authorized UEs (e.g., all UEs of user who

deployed FBS) are allowed to connect to FBS (referred to as Femto interchangeably). In

hybrid access [3, 4], both authorized UEs and a certain number of non-authorized UEs

(e.g., UEs which do not belong to the user who deployed FBS) get connected based on their

priorities. In enterprise environments, [5] Femtos can serve or allow access upto 40 UEs

(referred to as users interchangeably) and in home environments, Femtos can serve upto 10

UEs. Femtos of enterprise/public network are typically configured for open access [6]

while home Femtos are typically configured for closed access.

Figure 1 shows the LTE heterogeneous (HetNet) architecture, where all Femtos are

connected to broadband network (Internet) and then gets connected to Femto gateway

(Femto-GW) via S1 interface. As a result of FBS, not only do indoor users enjoy high data

rates, but telecom operators also benefit by saving capital expenditure (CAPEX) and

operational expenditure (OPEX). Though the deployment of FBSs improves indoor data

rates undoubtedly, it may result in a host of problems like co-channel or cross-channel

interference and frequent handovers. The reason for interference is that all FBSs operate in

the same spectrum to improve the spectrum efficiency (i.e., reuse factor one). Arbitrary

deployment of FBS can lead to high co-channel and cross-channel interference among

Femtos and MBSs.

The co-channel/cross-channel interference in LTE network can be avoided in two ways:

• Scheduling: The traditional solution to avoid co-channel interference among BSs in

reuse scheme is the Inter Cell Interference Coordination (ICIC). In ICIC scheme [7, 8],

all BSs cooperatively communicate using logical X2 interface as shown in Fig. 1 and

allocate the bandwidth/spectrum efficiently to the cell edge user but on the other hand,

this increases the signaling messages. Similarly, the other traditional solution to avoid

cross-channel interference in HetNet system is by enhanced ICIC (eICIC). In eICIC

scheme [9, 10], the interference between MBS and FBS (cross-channel interference) is
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avoided by muting some sub-frames (Almost Blank Sub-frame) in MBS during FBSs

transmission. This in turn reduces the interference and increases the capacity in HetNet

system.

• Placement: Another way to reduce the co-channel interference and cross-channel

interference (Femto-Femto and Femto-Macro interferences) without scheduling

mechanism is by placing Femtos optimally. This guarantees good signal strength for

every user inside the building.

In enterprise buildings, it is possible to perform planned Femto deployment by considering

factors like co-channel interference between FBS and MBSs, wall attenuation factor and

cross-channel interference between FBS inside the building. In these scenarios, there are

many possible locations for placing the FBS, from which the optimal locations are to be

chosen subject to several constraints. This leads to the formulation of mixed integer linear

programming (MILP) models for the optimal placement of FBSs. In this work, two MILP

optimization models are formulated: first, optimal constant threshold signal to interference

plus noise ratio (OptCTSINR) model and second, optimal handover (OptHO) model.

OptCTSINR model guarantees a certain minimum SINR for each region inside the

building and at the same time minimizes the number of FBS needed for coverage of the

entire enterprise building.

Another major issue in enterprise building is frequent or unnecessary handovers (i.e.,

ping pong effect [11]), which may happen when user moves from one room to another

room or within the same room and similarly in the corridors of the building. This leads to

degradation of performance like service interruption during voice call, signaling overhead

[12], decrease in throughput and increase in number of handovers [13]. So, in order to

avoid the unnecessary handovers (i.e., handover happening within the same room or in

corridors) in enterprise buildings, the FBS should be placed by considering an additional

constraint. Hence, we add handover (HO) constraint to the OptCTSINR model which

reduces the number of Femto handovers and at the same time guarantees good SINR to all

Femto

S1

S1

S1
Femto−GW

Macro BS

Coverage
Region BS

X2

X2

X2 X2

Fig. 1 LTE HetNet architecture

Handover and SINR Optimized Deployment of LTE Femto Base...

123



UEs inside the building. This OptCTSINR model along with HO constraints is referred as

OptHO model in our work.

1.1 Paper Organization

Rest of the paper has been organized as follows. Section 2 describes the notable research

literature relevant to our study. Section 3 discusses the system model and proposed MILP

formulation for OptCTSINR. Section 4 presents experimental setup and numerical results

for OptCTSINR. Section 5 explains the user mobility model and proposed MILP formu-

lation for OptHO. Section 6 demonstrates the experimental setup and numerical results for

OptHO. Finally, Sect. 7 contains concluding remarks and future work.

2 Related Work

Several approaches to placing Femtos have been discussed in literature, considering var-

ious factors. Authors of [14, 15], considered the interference factor among MBSs. In [14],

the locations of the pico cells are moved iteratively. This way they reduce the interference

to maximize the network throughput of the users in outdoor and indoor environments.

However, in this work the placement of pico cells in indoor environments and the traffic

pattern are not considered. In [15], the location of MBSs is considered to decide the

placement of FBS. This approach, again, is to avoid cross-channel interference. However,

this solution is not scalable for Femto deployment in an enterprise environment, as one

would have to consider the co-channel interference also. In [16], the solution for joint

Femto placement and uplink power control is optimized. As there is an uplink power

control, it improves energy efficiency of UEs. However, even this may not be a complete

solution when challenged by realistic issues like uplink and downlink interferences and

obstructions such as walls inside the building. In [17], the transmission power of randomly

placed FBSs is optimized. This is to avoid interference and guarantee certain minimum

SINR threshold for indoor UEs. But as the available bandwidth gets split into three parts

(i.e., because the reuse factor is three), there could be an inefficient use of the spectrum.

And because the FBSs are placed randomly, the number of Femtos to obtain threshold

SINR may not be minimal. Path loss factors such as obstructions (walls) inside the building

are also not considered in the model while solving Femto optimization problem.

The placement of FBS inside the building can affect the performance for outdoor users

connecting to MBS owing to power leakage from FBS outside building. The solution we

proposed to this problem in [18], is to place the minimum number of FBS optimally. Then

we dynamically adjusted the transmission power of the Femto without affecting the per-

formance for the indoor users. At the same time, we guaranteed a certain minimum SINR

threshold (SINRTh) for outdoor users. In [19], we improved the efficiency of the spectrum

usage by considering reuse factor one and also we minimized the number of Femto needed

for enterprise deployments, which would reduce the overall cost. User density, interference

among Femtos and MBSs and building obstructions are given as inputs to the system

model. Then we study the joint optimal placement and power control of Femtos to

maintain a certain minimum downlink SINRTh. The joint placement and power control will

help to reduce the energy/power usage of the FBS and minimize the Femto count. How-

ever, doing so decreases SINR of indoors when compared to the case wherein Femtos are

transmitting at the maximum power.
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Large scale deployment of Femtos in enterprise environments could lead to unnecessary

handovers, [13, 20] which decrease the network throughput [21], increase signal overhead

[12, 22] and cause delay [21]. In [21], we proposed a self-organizing network (SON) [23]

to mitigate unnecessary handovers inside enterprise environments with the help of building

information and estimated user position information. In [24], the handover decision at FBS

is based on energy efficiency and knowledge of interference. Thus handover plays a major

role in enterprise buildings.

2.1 Contribution of this Work

Suggesting power saving by Femtos is not an appreciable contribution to the research

community. Moreover, it also leads to decrease in average indoor SINR. Like [19], we

place Femtos optimally with all the constraints as mentioned in the system model [19] for

OptCTSINR but the only difference is that Femtos are transmitting at full power to boost

the average indoor SINR. We extend this model to bring in HO constraint thereby mini-

mizing unnecessary handovers and boosting the throughput for the users in the building

even while they keep moving. To our knowledge, this is the first work that endeavors at

reducing the number of handovers by placing the HO constraint as one of the input factors

for the problem of placement of Femtos.

3 Proposed Work

In this Section, we discuss about the assumptions and building dimensions in system

model, channel model and proposed OptCTSINR MILP formulation to guarantee SINRTh

to all regions inside the building.

3.1 System Model

This work considers an LTE HetNet system comprising of MBSs deployed in outdoor

environment and FBSs deployed inside the enterprise building. The users inside the

building are assumed to be mobile. We also assume that the location of the UE is known

inside the building and the layout of the building is available to the telecom operator. The

FBS and MBS are assumed to operate in the same frequency band (i.e., reuse one) in LTE

HetNet and therefore may experience high cross-channel interference. Table 1 shows the

set of notations and abbreviations used in this work.

Table 1 Notations and abbreviations

Notation Definition

S Set of all sub-regions inside the building

za 1 if Femto is placed at sub-region a, zero otherwise

aja 1 if jth sub-region of the building is associated with the Femto located at sub-region a, zero
otherwise

cja Channel gain between sub-regions j and a

M Set of all macro BSs
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Let us consider a building having dimensions of L 9 W 9 H, where L, W and H are the

length, breadth and height of the building respectively. Each floor of the building is divided

by walls into several rooms (for e.g., R1;R2; . . .;Rn) and corridor as shown in Fig. 2. Every

indoor user is allowed to move freely in the corridor. Every room has an entry/exit. For the

purpose of the study, rooms and corridor are further divided logically into smaller sub-

regions of length dx and width dy, which have been indexed as shown in Fig. 3. Walls have

been depicted by thick lines and sub-regions by the small squares in the building grid.

Since the size of sub-region is much smaller compared to the room size, it is assumed that

inside every sub-region, the SINR remains constant.

The path loss (PL) between MBS and indoor UE (IU) is given by Eq. (1) [17]:

PLMBS ¼ 40 log10
d

1000
þ 30 log10 f þ 49þ nr ð1Þ

where, d is the distance (in meters) between the sub-region of IU and MBS and the distance

between the centers of two sub-regions is taken as the propagation distance, n is the

number of walls in between MBS and IU, f is the center frequency of MBS, k is the number

of floors and r is the penetration loss.

The PL between Femto and IU is given by [17]:

PLFBS ¼ 37þ 30 log10 d þ 18:3k
ðkþ2Þ

ðkþ1Þ�0:46 þ nr ð2Þ

These two PL models are used in this work for calculating the channel gain [17] between

users and various BSs by considering the effects of antenna gain for Macro and Femtos as

20 and 2 dBi, respectively.

3.2 Constant SINRTh Based MILP Model

To address the optimal Femto placement problem, an optimization MILP model is for-

mulated. By solving the MILP model, the following values can be obtained:

Corridor

A B C D

HGFE

KJI L

M N O P

Room

Wall Entry/Exit

R1

R11 R12

R13 R14

R9

R5

R10

R2

R6 R7

R15

R3

R8

R16

R4

Fig. 2 An example of enterprise building with rooms, corridors and entry/exit points
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• The minimum number of Femtos needed to maintain SINRTh in each sub-region of the

building.

• Optimal Femto location inside the building.

• Femto to which each sub-region is associated.

Each Femto operates at the maximum transmit power (Pmax) in order to provide good

signal strength to indoor users. Our goal is to minimize the total number of Femtos

deployed, which is expressed by Eq. (3).

min
X

a2S
za ð3Þ

Assuming that each sub-region is allowed to associate with only one FBS (refer Eq. (4))

inside the building, we get: X

a2S
aja ¼ 1 8j 2 S ð4Þ

aja � za � 0 8j; a 2 S ð5Þ

Above two constraints ensure that every sub-region is connected to only one FBS. Another

constraint is needed on SINR.

In this MILP model, optimal constant threshold SINR (OptCTSINR), certain minimum

SINRTh (k) is guaranteed for all sub-regions of the building. SINR received by a particular

sub-region j from the Femto located at sub-region a, is given by the L.H.S. of Eq. (6). It

guarantees coverage by maintaining a predefined SINR threshold k in each sub-region.
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Fig. 3 Sub-region index and dimensions of the enterprise building
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Inf � ð1� ajaÞ þ cjaPmaxza

No þ
X

b2Sna
cjbPmaxzb þ

X

e2M
c0jePmacro

� k 8j; a 2 S ð6Þ

In Eq. (6), Inf is a virtual infinite value [17] (a very large value like 106). The reason for

using Inf � ð1� ajaÞ is that if aja ¼ 0 then Inf � ð1� ajaÞ becomes a large value and the

expression can be ignored safely. Without the virtual infinite value, Eq. (6) tries to ensure

that all the Femtos meet SINRTh constraint for each sub-region. But just a single Femto is

enough to give SINRTh for any given sub-region. The MILP will always be infeasible if the

virtual infinite value is not used, as not all Femtos can meet SINRTh constraint for a

particular sub-region. Equation (6) can be rewritten as follows:

Inf � ð1� ajaÞ þ cjaPmaxza

�ðkNo þ
X

b2Sna
cjbPmaxzbkþ

X

e2M
c0jePmacrokÞ 8j; a 2 S ð7Þ

c0je and cja are the channel gain from MBS and Femto, respectively. The channel gain can

be estimated by using Eqs. (1) and (2) and Pmacro is the power of MBS. Finally, the

OptCTSINR model is formulated as follows, min
X

a2S
za, such that (4), (5), (7).

The above OptCTSINR MILP model is solved using CPLEX solver to obtain the

optimal co-ordinates of the FBSs and at the same time guarantees a certain SINRTh for all

indoor users.

4 Experimental Setup and Numerical Results

In experimental setup, we consider a single floor building within the coverage region of

MBS. Femtos are optimally placed inside the building. As a result of this placement, we

obtained SINR distribution across the building as shown in REM plot, modulation coding

scheme, connectivity of sub-regions and SINR comparison with different placement

schemes. The detailed description about the setup and experimental results are explained in

the below sections.

4.1 Building Setup

In order to verify the improvement in system’s throughput, we have chosen the network

simulator NS-3, to create a building of dimension 52 m 9 52 m 9 4 m with 16 rooms of

dimension 12 m 9 12 m 9 4 m each and two corridors of dimensions 4 m 9 52 m 9 4 m

and 52 m 9 4 m 9 4 m running through the center of the building. The entire building is

divided into 169 sub-regions of dimension 4 m 9 4 m 9 4 m each as shown in Fig 3. The

users in the building are served by Femtos with the transmission power of 20 dBm. In order

to consider the effect of cross-channel interference, a MBS with transmission power of

46 dBm at a height 36 m is placed at an euclidean distance of 300 m [5] (diagonally from

the center of sub-region 1). Femtos are allowed to be fixed only to the ceilings of the rooms

at a height of 4 m. The minimum number of Femtos and corresponding sub-region indices

are given by GAMS CPLEX solver [25].
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4.2 Other Placement Schemes for Comparison

The proposed placement model is compared with the following Femto placement schemes:

• Random placement: Femtos are placed randomly inside the building.

• Center k-means (CKM) placement: The co-ordinates of the exact mean locations of

every sub-region are given as input to k-Means clustering scheme [26] to form five

clusters. These mean locations happen to be the centers of the sub-regions. The Femtos

are then placed at the centroid of each cluster.

4.3 Performance of Placement Schemes

The metrics that we use to compare the performance of Random, CKM and OptCTSINR

are:

• SINR: The signal strength received by the UE in each point or region of the building.

• Femto connectivity: The collection of sub-regions served by each Femto.

• Modulation coding scheme: The coding scheme used by UE for its transmission based

on SINR value.

Radio environmental/heat map for CKM and OptCTSINR schemes The MILP solver for

OptCTSINR model gives five as the minimum count of the Femtos to achieve the SINRTh

(-2 dB) in each sub-region. To have a fair comparison, we took the same count of Femtos

ðF ¼ 5Þ for CKM placement. Figures 4 and 5 are the radio environment maps (REM) of

the CKM placement and OptCTSINR placement, respectively. This gives the SINR dis-

tribution across the 52 m 9 52 m 9 4 m building and the dark yellow regions represent

the Femto location. The users located in those sub-regions enjoy the highest SINR as the

sub-region contains a FBS. In such a setup, as expected CKM placement of Femtos does

not guarantee a good SINRTh value to all sub-regions inside the building. As a result,

certain parts of the building have coverage holes i.e., SINR value dropped to as low as

-10 dB as shown in Fig. 4 and the UEs experience a poor SINR in those regions. This in
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turn affects the overall throughput of the users, explained in Sect. 6. Moreover, in the

CKM placement, UEs can experience a fluctuation in connectivity due to co-channel

interference between Femtos. These issues are overcome by placing the Femtos optimally

in OptCTSINR scheme. The minimum SINRTh of -2 dB is given as a constraint to the

GAMS CPLEX solver to obtain the optimal sub-regions for Femto placement. Now, no

coverage holes are present in the case of OptCTSINR, as shown in Fig. 5.

Modulation coding schemes for CKM and OptCTSINR: Figs. 6 and 7 show the mod-

ulation coding scheme that will be used at each point of the building based on the SINR

values. In the CKM placement (Fig. 6), 64-QAM modulation scheme is used near the

Femto positions, as shown by the yellow regions. As the distance from the Femto BS

increases, the modulation scheme used changes from 64-QAM to 16-QAM and 16-QAM to

QPSK as depicted by the blue regions and the green regions, respectively. This difference

is due to the wall loss and interference between the neighboring Femtos inside the building.

Also, from the given Fig. 4 it is evident that some portions of the building get a very poor

SINR which is as low as -10 dB leading to no-data regions (coverage holes). This is
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depicted by the color red. The users in this region completely lose their connectivity to the

network. Figure 7 shows the modulation scheme used at different points based on the

SINR from OptCTSINR placement scheme. In Fig. 7, it is observed that a good SINR is

maintained in regions surrounding the position of Femtos and a reasonable SINR is

maintained at other regions throughout the building, thus guaranteeing a minimum SINR of

-2 dB. Thus, there are no coverage holes and there is no possible loss of connectivity to

the users inside the building.

SINR CDF: Fig. 8 shows the SINR CDF in terms of users for various placement

schemes. Compared to random placement scheme, CKM provides better average SINR and

the improvement is 87 %. Compared to CKM placement, OptCTSINR placement, provides

better average SINR and the improvement is 28 %. We compared the SINR performance

with our joint Femto placement and power control model [19] (referred as joint OptCT)

Fig. 7 Modulation coding
schemes in OptCTSINR
placement
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and observed that OptCTSINR performs 8 % better than joint OptCT. Joint OptCT does

not perform better due to less Femto transmission power.

Figure 9 represents the percentage of users using each modulation scheme, based on

SINR mapping to modulation scheme as given by 3GPP [27, 28]. In random and CKM

placement, some percentage of sub-regions have SINR less than -5 dB as shown in Fig. 8,

and hence they will not be able to transmit any data [28] as shown in Fig. 9. Hence,

proposed OptCTSINR model is better than these two schemes. 23 % of users employ 64-

QAM modulation in OptCTSINR for their data transmission. Table 2 shows the variation

in Femto count as SINRTh increases in OptCTSINR model. As expected, the Femto count

increases with SINRTh.

4.4 Motivation for Optimal Placement Models

Without joint OptCT and OptCTSINR, the next best way for placement of Femtos, in our

opinion, is CKM placement scheme. In the CKM scheme, as we do not know how many

clusters/Femtos are required to guarantee minimum SINRTh, we have to start with an initial

guess value for the number of Femtos to be deployed and check if that count is sufficient
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Table 2 Variation of No. of
Femtos with SINRTh in OptCT
SINR modeltabular

SINRTh (dB) Number
of Femtos

-2 5

-1 5

0 6

1 7

2 8

2 8

R. V. Sathya et al.

123



for maintaining minimum SINRTh in every sub-region of the building. If the SINRTh is not

met for all sub-regions, then the count of Femtos has to be increased. In CKM, as shown in

Fig. 10, to maintain a minimum threshold (-2 dB) for all sub-regions as in the case of

OptCTSINR model we require 7 Femtos (clusters) for the deployment. Hence, this

motivates us to go for optimization techniques (e.g., OptCTSINR) to place Femtos.

4.5 Connectivity Region of Femtos Inside the Building

Figures 11 and 12 show the connectivity diagrams for CKM and OptCTSINR placement

schemes respectively. The connectivity diagram is plotted by comparing the RSRP (ref-

erence signal received power) values offered to each sub-region by all the Femtos and

connecting it to the Femto that offers the largest value. The sub-regions that are served by

the same Femto are shown using the same color. In the connectivity diagram for the CKM

placement (shown in Fig. 11), it can be verified that the different sub-regions within the
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same room are being served by different Femtos. The sub-regions I47; I48 and I49 in room

#7 (represented as #R7 in Fig. 3) are served by a Femto while I60; I61; I62; I73; I74 and I75 are
served by another (for sub-region numbering refer Fig. 3). Similarly, in room #12, the sub-

regions I128; I129 and I130 are served by one Femto while I102; I103 and I104 are served by

another. This increases the number of handovers even when the user is walking a bit inside

the same room. Though it was previously observed in Fig. 7 that a good SINR was

guaranteed by the optimal placement of Femtos, it can be seen from Fig. 12 that the sub-

regions I7; I20 and I33 of the corridor are served by a different Femto from that of the other

sub-regions of the corridor. Also more than one Femto serve the rooms #7 and #12 leading

to more number of handovers for movement within the rooms. Therefore this optimal

placement leads to more number of handovers than CKM placement although it guarantees

a minimum SINRTh to all the users. This motivates us to look into the handover opti-

mization problem because it is severe in enterprise office buildings where a large scale

deployment of Femtos is necessary.

5 Handover Optimization

As mentioned in the previous Section, it is seen that users connect to more than one Femto

within the same room or corridor. This causes ping pong effect which leads to decrease in

throughput and increase in number of handovers. Such handovers are severe in irregular

shaped buildings with corridors. In order to avoid such handovers inside rooms and cor-

ridors, we formulate an optimization model OptHO (by adding handover constraint to

OptCTSINR model). Before explaining the formulation in the subsequent section, we

discuss about the user mobility model which is important in realizing the formulation.

5.1 User Mobility Model

A user mobility model is considered based on the entry/exit points of the rooms which are

indexed as (A-P) in Fig. 13 and the walls emulate realistic indoor movement of UEs. The

UE movement is constrained by these walls and entry/exit (doors) points. Free movement

(random walk) of the UEs is assumed inside the rooms. Depending upon the starting point

(source) and ending point (destination), the human walk behavior algorithm model is

incorporated [29]. This model replicates the real human mobility behavior in an indoor

Fig. 12 Connectivity of sub-
regions in OptCTSINR
placement
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environment. An indoor building mobility model has been simulated by taking into account

the presence of walls and entry/exit points. The existing NS-3 building mobility model has

been modified to make the UEs move along the shortest distance between the rooms and

also according to the entry/exit points. When there are no direct connecting entry/exit

between two rooms, the UE reaches its destination room by moving to the corridor that is

reachable and at the nearest distance from the starting position, and then it moves along the

corridor to reach the position which is nearest to the destination room, from there it directly

moves into the destination room.

Handover algorithm: Existing A2–A4 handover algorithm of NS-3 [30] is used to perform

handovers. Two events involving A2 and A4 get triggered during handovers. A2 algorithm

signifies the event where the serving cell RSRP goes below the threshold of -3 dB. A4

algorithm signifies the event where the neighboring cell RSRP goes better than the threshold.

All this information is carried out as a measurement report by UE every 80 ms.

5.2 OptHO MILP Model

Our goal is to reduce the number of unnecessary handovers inside the building by using the

existing A2 and A4 handover algorithm. Once the Femtos are placed optimally by

OptCTSINR method inside the building, SINRTh is guaranteed. But the handover constraint

is not given in optimal placement discussed above, thus leading to a possibility of large

number of handovers because of free movement of UEs. Our aim is to make sure that there

is no handover when a user travels/moves from sub-region b to sub-region c i.e., to reduce

the number of unnecessary handovers inside the same room and along the corridor. The

constraint to achieve this is given below.

aab ¼ aac b; c 2 H and a 2 S ð8Þ

where H is the set of all sub-regions which have to be connected to the same Femto. In

Eq. (8) the constraint is made in such a way that if the sub-region b is connected to the
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Femto a then the sub-region c should also get connected to the Femto a, such that when a

UE moves from sub-region b to sub-region c there is no handover. The SINR and

placement constraints are similar to OptCTSINR. Finally, the OptHO model is formulated

as follows, min
X

a2S
za, such that (4), (5), (7), (8).

Like OptCTSINR model, the above OptHO MILP model is solved using CPLEX solver

to obtain the optimal co-ordinates.

6 Experimental Setup and Numerical Results

In addition to the previous experimental setup we consider the proportional fair scheduling

algorithm for comparative study to analyse the performance in terms of throughput and

number of handovers. Similar to previous results, the SINR distribution across the

building, modulation coding scheme used, connectivity of sub-regions for OptHO are

obtained. The detailed explanation is given in the below Sections.

6.1 Setup for OptHO

NS-3 simulation parameters are mentioned in Table 3. During simulation, the number of

users placed randomly within the building (same randomness is maintained in OptCT-

SINR and OptHO model) are increased like 3, 6, 9 and so on upto 30. The destination

point to which each UE is moving to is also selected using a random function. For

instance, if a user from room #R9 (source) wants to reach room #R15 (destination), the

path traveled will be (#R9 ! corridor ! #R15) as shown in Fig. 13. In the defined

mobility model, the users move continuously throughout the simulation by selecting a

new random destination on reaching the previously chosen destination well within the

simulation time.

Density of UE: In our experiment, the density of UE represents the number of mobile

users inside the building. Simulations are run for numerous UE densities in multiples of

three ( i.e., 3, 6, 9 till 30).

Table 3 NS-3 simulation
parameters

Parameters Values

Number of users 30

Application TCP (bulk sender)

Scheduling algorithms Proportional fair

Simulated traffic Video using TCP

Simulation time 300 s

Simulation run 10 seeds

SINRTh -2 dB

Femto bandwidth 5 MHz (25 RB)

LTE mode FDD

Packet size 512 Bytes

Mobility 0.2, 0.5, 1 m/s

Operating frequency 2.6 Ghz

Mobility model Building mobility model
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6.2 Performance of OptHO Placement

The metrics that we use to analyze the performance of OptHO placement scheme is

• Number of handovers: The number of handovers triggered compared against the

density of UEs for all the placement schemes (CKM, OptCTSINR and OptHO).

• Throughput: Increase in throughput compared against the density of UEs for all the

placement schemes (CKM, OptCTSINR and OptHO).

Radio environmental/heat map for OptHO in NS-3: After solving the OptHO model in

GAMS solver, we obtain the same count of Femtos (F ¼ 5) as in OptCTSINR. But for

different handover constraints, it may be difficult to maintain the same Femto count as in

OptCTSINR. We observe that there is no coverage hole in the SINR distribution as shown

in Fig. 14.

Modulation coding schemes in OptHO: Similar to OptCTSINR, in Fig. 15, it is

observed that good SINR is maintained in regions surrounding the position of Femtos and a

reasonable SINR is maintained at other regions throughout the building thus guaranteeing a

SINR threshold of -2 dB. Thus, there are no coverage holes and there is no possible loss

of connectivity.

Connectivity region of Femtos in OptHO: Fig. 16 shows the Femto connectivity of

regions in OptHO scheme. In this connectivity diagram it can be observed that no more

than one Femto serves any room and the entire corridor is served by a single Femto. This

placement guarantees that there are no coverage holes and a minimum SINRTh value is

given to all the users along with reduction in the number of handovers. Thus this provides a

better throughput than the CKM and OptCTSINR placement.

In CKM placement, the rooms 1, 2, 5 and 6 (refer Fig. 11 and 13) are connected to

Femto F1 and the rooms 9, 10, 13 and 14 are connected to Femto F4. The entire

corridor, the rooms 8 and 11 and parts of the rooms #7 and #12 are connected to Femto

F3. The rooms 15, 16 and parts of the room #12 are connected to Femto F5 and the

rooms #3 and #4 and parts of the room #7 are connected to Femto F2. While there are

no handovers for user moving in the corridors, there is a good probability of handovers

within rooms #7 and #12. Also, OptCTSINR placement, the rooms #6, #7, #10 and #11

-10

0

10

20

30

40

50

60

-10 0 10 20 30 40 50 60

Y

X

-5

0

5

10

15

20

25

30

35

40

S
IN

R
 (

dB
)

F1 F2

F3

F4
F5

Fig. 14 REM for OptHO placement

Handover and SINR Optimized Deployment of LTE Femto Base...

123



are not connected to the same Femto as that of the corridors thereby, leading to more

number of handovers.

Consider the flowmarkedby start point STARTand end pointDEST as shown in the Fig. 13

for all the three placements (CKM, OptCTSINR, OptHO). Then the user travel path will be

#R9!corridor!#R6!corridor!#R11! corridor!#R12. In CKM placement, the han-

dovers are expected to happen whenmoving out of room #9, while entering and exiting room

#6 and #11, and while entering and exiting room #12. In addition to this, handovers will

happen inside room#12 as sub-regionswithin the roomare connected to different Femtos. For

the same flow, in the case of OptHO, handovers are expected to happen only while exiting

room #9 and while entering and exiting room #12. Therefore, the number of handovers

decrease when compared to the CKM placement.

Number of handovers versus density of UEs: The number of handovers for different

density of UEs with mobility 0.2 m/s for all the three placements is shown in Fig. 17. In

Fig. 17, x-axis represents the density of UEs with a scaling factor by 30 and y-axis

represents number of handovers. It can be observed that the number of handovers is more

for CKM and OptCTSINR without handover constraint. This is because, even though the

neighboring rooms are served by the same Femto in CKM and OptCTSINR placement, due

to the presence of walls the UE mobility is constrained. Generally, there is a high possi-

bility of UE movement in the corridors or within the rooms and it is essential to reduce the

Fig. 15 Modulation coding
schemes in OptHO placement

Fig. 16 Connectivity of sub-
regions in OptHO placement
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handovers in such scenarios. This is not taken into account in the CKM and OptCTSINR

placement. Whereas in the case of OptHO placement these handover constraints are taken

into the system model while placing the Femtos, which leads to a decrease in number of

handovers up to 30 %. In case of 0.5 and 1 m/s user mobility, the number of handover

decreased compare to OptCTSINR interms of 22 and 16 %, respectively. Similarly the

number of handovers for CKM and OptCTSINR increases as the mobility increases in the

order of 0.2, 0.5 and 1 m/s as shown in Figs. 17, 18 and 19, respectively because the

frequency of handover increases with mobility.

Throughput versus density of UEs: Figs. 20, 21 and 22 shows the average throughput

plotted against the density of UEs with mobility 0.2, 0.5, 1 m/s for all the three placements.
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As it can be seen from the modulation coding scheme diagram shown in Fig. 6, the no-data

(red spot) regions in the CKM placement lead to decrease in throughput. Moreover, a lot of

handovers happen in order to maintain connectivity which reduces the throughput. In

optimal placement, a good SINRTh leverages the throughput. Even though the number of

handovers is more or less the same as CKM placement, due to usage of comparatively

better modulation schemes as shown in Fig. 7, higher throughput is achieved in OptCT

SINR placement. For 0.2m/s mobility, OptHO placement performs 27 % better than

OptCTSINR placement in terms of throughput as it combines the advantage of having an

optimal placement and reduced handover scenario. Similarly, there is 14 and 20 %
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improvement in throughput for mobility 0.5 and 1 m/s in OptHO placement, when com-

pared to CKM and OptCTSINR placement.

7 Conclusions and Future Work

In this work, we formulated two MILP optimization models: OptCTSINR and OptHO to

minimize required the number of Femtos and guarantee a threshold SINR for all users

inside an enterprise office building. This in turn increases the overall system capacity and
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reduces the deployment cost. Our OptHO problem reduces the number of unnecessary

handovers in enterprise building environments. When compared to K-means clustering

based placement scheme, proposed OptCTSINR results in average SINR improvement of

28 %. By adding handover constraint in OptCTSINR, OptHO reduces 30 % of unnecessary

handovers in enterprise building environments.

In future the variation of user occupancy inside the building can be addressed by

dynamic adjustment of Femto transmit power, and studying the performance of MBS users

in more complex buildings with multiple floors.
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