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Abstract: The increasing requirements for higher data rates in cellular systems lead wireless communication companies to invent
femtocell (FMC) which is a small cell size. FMC is a low power cellular home base station, low in cost, operating within a licensed
spectrum and designed for use in residential or small business areas, both indoors and outdoors, and deployed to improve cellular
system coverage. FMC has been deployed extensively and is included in the Long Term Evolution (LTE) and the Worldwide
Interoperability Microwave Access (WiMAX) networks for indoors. This paper presents the interference, SINR and the probability
of connection at the downlink for a varying number of FMCs based on the LTE and WiMAX OFDMA range. Moreover, the
comparison of interference, SINR and probability of connection are studied for three different indoor areas. In addition, a comparison
for the probability of connection with various threshold values and various number of FMCs is simulated and presented in 3-D. The
downlink interference occurs from neighbouring FMCs to the target user equipment (UE), when the signal transmits from the serving
FMC to the target UE and the signals which are transmitted from the neighbouring FMCs would have the same subchannels during

the downlink transmission.
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l. INTRODUCTION

The concept of FMC was known as a home base
station access point with low power installed at home by
users to give more coverage and increase the data rate
capacity. FMC was deployed and included in LTE and
WIMAX networks in the indoors. FMC capacity indoors
is more than that from LTE or WiMAX macro base
station (BS), because to receive indoors from BS we need
more power that will lead to reduced capacity. FMC will
save UE power as the distance is very short compared to
the distance to BS and it is important as it can provide
coverage to area that BS cannot reach. Public could access
FMC and UE outdoors could connect with the FMC
network indoors easier than connect with BS. FMC
coverage distance is between 10 m and 30 m. FMC
installed at home or in an office by subscribers without
need for operators and it serves up to 4 users. FMC is
deployed mainly indoors and sometimes outdoors at the
LTE or WiMAX base station (BS) cell edge to increase

the area of coverage, data rate capacity and in order to
enhance the received signal in the user’s premises,[1-3].

No similar work has been carried out. One of the
issues that affect the performance of FMC is the
interference. In previous contributions, FMC deployment
is inspected without detail with respect to interference;
signal to interference and noise ratio (SINR) and without
finding the probability of connection. However, [4]
evaluated the interference for frames and calculated the
throughput and [5] discussed the path loss of FMCs
indoors. The work in this paper evaluates the interference
for subcarriers and calculates the SINR and the
probability of connection for a varied number of FMCs
and a specific indoors area between the femtocells and the
user equipment devices. Moreover, this work compares
the interference SINR and the probability of connection at
various indoors areas and compares the probability of
connection in 3-dimensions at various SINR threshold
values and various numbers of FMCs [6-10].

© 2014UOB SPC, University of Bahrain



2 Mohammed Alshami, et al.: Formtocell Interference and probability.......

The remainder of this paper is organized as follows.
Section 2 introduces the downlink FMC system model.
Section 3 explains the downlink FMC interference.
Section 4 provides the downlink simulation scenario.
Section 5 summaries and concludes the journal.

1. DOWNLINK FEMTOCELL SYSTEM MODEL

A. Interference Concept

When FMCs and UEs transmit their signals in the
same frequency band within the same environment,
interference will occur in the deployment of FMCs due to
use of the same carrier frequency. Nevertheless, constraint
will occur throughout the transmission of signals due to
interference which will happen in the deployment when a
number of FMCs transmit their signals in the same
frequency band within the same area [11, 12]. Even
though interference is the main challenge that faces the
deployment of FMCs, the advantages of FMCs
deployment is the increase in coverage and the
improvement of capacity, while the disadvantages are the
high probability of interference in the absence of network
design [13-15].

B. Terminology
The terms used in this paper are listed as in Table I.

TABLE I. SUMMARY OF TERMINOLOGY USED IN THIS PAPER
Terms Description
BS LTE or WiMAX macro base station
FMC Femtocell home base station access point
UE Femtocell user equipment device
BSue LTE or WiMAX macro base station user equipment
device
FMC-UE Interference transmitted from interferer Femtocells to
target user equipment
UEs-FMC Interference transmitted from interferers user equipment
devices to serving Femtocell
FMC-BS Interference transmitted from FMC to LTE or WiMAX
macro base station
BS-FMCye | Interference transmitted from LTE or WiMAX macro
base station to FMCuser equipment device

C. FMC Coverage

FMC provides extension of the coverage within
strength for the signal. FMCs were designed and
implemented as a solution to extend and provide better
quality indoor network coverage [16, 17].

D. Downlink OFDMA

FMCs transmits in different subcarriers than BS in
OFDMA systems, which help in interference avoidance.
In addition, in OFDMA system, FMCs are deployed in
subchannels distribution. In downlink the UE which is
indoors and receiving signal from indoor FMC must have
ifferent subchannels from the UE which is outdoors and
receiving signal directly from the outdoors BS [18].

1. DOWNLINK FEMTOCELL INTERFERENCE

A. Co-Layer Interference

Co-Layer interference is the transmission of signals
from different FMCs at the same layer [19]. Co-Layer
interference occurs in downlink when the signal is
transmitted from the serving FMC to the target UE and is
not strong enough compared to the interference coming
from the neighbors FMCs to the target UE, when the
serving FMC and the neighbor FMC are transmitted at the
same subchannel .

B. BS - FMCyg Interference

BS - FMCy interference is the transmission of signals
from different layers in the network which called cross-
layer interference. BS-FMCye interference occurs at
downlink when an unwanted signal is received at a
FMCyg which has been sent from the BS [19-21].

V. DOWNLINK SIMULATION SCENARIO FOR
VARYING COVERAGE AREA

A. Scenario Network Layout
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Figure 1. Floor Plan of (a) Scenario and Network Layout, and (b)
Serving FMC Initial Location, Neighbouring FMCs Locations and
Moving Path of Target User Equipment
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The FMC network has been modeled as an indoor
base station that deploys signals in regular sites
characterized by the site distance d. In this scenario we
assumed a one level hospital building which is 120 m in
the X-axis length and 120 m in the Y-axis width. The
inside of the building consists of 1 reception desk (and
patient files), 3 emergency diagnostic rooms, 9 doctors
rooms, 1 nurses Counter, 2 X-ray rooms, 2 Test lab, one
operation room, one extensive care room and 37 patients
rooms, hospital facilities and 144 FMCs installed indoors
each is serving up to 4 UEs, as shown in the floor plan of
Fig. 1(a).

This is a downlink scenario where the main signal is
transmitted from the serving FMC to the target UE, while
the interference is transmitted from the interferer
neighboring FMCs to the target UE. The serving FMC is
chosen by calculation as the nearest FMC to the target
UE, while the target UE is initiated by X to be 0.2 m and
Y to be 0.2 m. This simulation calculates the average
interference that comes from every interferer neighboring
FMC on the target UE locations at the X and Y grids. The
simulation continues by increasing X by 1 m up to 120 m
while Y fixed in 1 m and vice-versa. This continues until
Y reaches 120 m and X is 120 m. This is repeated within
every interferer neighboring FMC increment and added to
the previous interference which calculated from the
previous interferer neighboring FMCs, as shown in the
floor plan of Fig. 1(b). The simulation evaluates the
interference, SINR and the probability of connection
computed for 1 to 144 interfering FMCs.

B. Propagation Loss Model

This model is dependent upon the measurements
considered at 2 GHz as described by equation (1) [5, 22].
The simulation in this paper concentrates on the results for
the indoor residential premises.

PL =50.3+31.2110g10 (d) +3.8 dB )

Equation (1) used to evaluate the path loss power by
two measured distances, the first is the distance from the
mean signal which is between the serving FMC and the
target UE, here d is the distance between them and it is
obtained by the following equation,

4= V(X -UERP +(Y () -UEW))

here k index of the FMC in X(k) and Y(k) is the
nearest FMC to the target UE in the x and y axis’s. While
UE(X) is the coordinate of the target UE in the x axis, and
UE(y) is the coordinate of the target UE in the y axis.

The second is the distance from the interference signal
which is between the interferers FMCs and the target UE,
the distance between every interferer FMC and the target
UE is obtained by the following equation.

4= VUEGO =X () +UEW) -Y ()

here UE(X) is the coordinate of the target UE in the x
axis, and UE(y) is the coordinate of target UE in the y
axis, and k in X(k)and Y (K)is the k" interferer FMC in the

X and y axis’s, while X(k) and Y(k) is it’s coordinate in
the x and y axis’s.

C. FMC-UE Interference Analysis

Interference occurs in downlink when the signal
transmitted from the specific FMC to the target UE
overlap in subchannel with the signals which transmits
from the neighbouring FMCs. This simulation neglect
WIMAX BS to FMC interference, and concentrate on the
FMC, neighbouring FMCs and UE interference.

Si  =Pi-Gi-Lj-PLix- G- LB Q)

where Si is the received signal by the target UE from
the serving FMC, P; is the serving FMC transmission
power, G; is the serving FMC antenna gain, L; is the
serving FMC cable loss, PL is the path loss between the
serving FMC and the target UE, G, is the target UE
antenna gain, L, is the target UE loss.

S; =P;:Gj-Lj-PLj- Gy L.dB ®)

hereS; is the received signals from the interferer FMC
by the target UE, G; is the interferer neighbouring FMC
antenna gain, L; is the interferer neighbouring FMC cable
loss, PLj is the path loss between the interferer
neighbouring FMC and the target UE. Our simulation
will accumulate to compute the interference value that
caused by all interferers neighbouring FMCs on the target
UE. The transmitted signal from the specific FMC to the
target UE is considered as the mean signal, and the sum of
the transmitted signals of all interferers neighbouring
FMCs to the target UE as the interference.

n =-174-30+ 10 logy, (f/SC) dB (6)
6 =n+ng dB )

here, n is the thermal noise in dB, f is the Channel
bandwidth frequency which is 5 MHz, and SC is the total
subcarrier used which is 512, ng is the noise Figure of the
target UE which is 8 dB. o [4] is the sum of the thermal
noise and the target UE noise Figure.

SINR=S,/(¥S;+0) dB (8)

Where, S; is the transmitted signal from the serving
FMC to the target UE, S; is the accumulation of all the
transmitted signals from the interferer FMCs to the target
UE [23]. Our simulation would compute the SINR value
that is caused by all interferers neighbouring FMCs on the
target UE .

V. SIMULATION RESULTS

In this study a number of simulations were carried out,
each have a number of iterations to calculate the
interference at the indoor. The desired FMC coverage
distance is suggested to be 10 m in each direction and 10
m by 10 m area will be covered by the individual FMC,
here for the whole area we used 144 FMCs. The
simulation calculated the downlink interference from the
interferers neighboring FMCs to the target UE, where the
serving FMC is chosen as the nearest FMC to the target
UE.
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TABLE II. SUMMARY OF SYSTEM SIMULATION PARAMETERS
Parameter Value

Number of FMCs 144
Carrier frequency 3.5 GHz
Channel bandwidth 5 MHz
Total subcarriers 512
Data subcarriers 318
Subchannels 8
Distance of Area 120 mx 120 m
FMC TX power 10dBm
FMC antenna gain 0 dBi
FMC cable loss 0dBi
FMC noise Figure 4dB
UE Tx power 23dBm
UE antenna gain 0 dBi
UE cable loss 0dB
UE noise Figure 8dB

The interference of the target UE is evaluated in the
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grids of the X and Y axis’s by substituting the target UE
location and calculates the average interference. The
simulation evaluates the interference, SINR, and the
probability of connection. The carrier frequency f was set
to 2 GHz, and all other simulation parameters were used
asin Table II.
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Figure 2. FMCs-UE, (a) Interference, (b) SINR and (c) Probability of
Connection

The downlink interference is calculated from the
interferer neighbouring FMCs to the target UE, at a varied
number of FMCs from 1 FMC up to 144 FMCs which is
the maximum number of interferers FMCs in this
simulation. In Fig. 2(a) the interference increases within
the increase of FMCs number. The simulation shows that
the interference magnitude increases gradually to be -
124.89 dB with 1 FMC, -107 dB in 50 FMCs and -102.32
dB at 144 FMCs which is the maximum number of FMCs.

B. SINR

Fig. 2(b) indicates the signal-to-interference and noise
ratio SINR, which calculated by the main signal that
transmitted from the served FMC to the target UE, and the
interference that are accumulated from all the neighboring
FMCs to the target UE. The simulation calculates the
SINR, at a varied number of FMCs from 1 FMC up to 144
FMCs which is the allowed number of FMCs in our
simulation. The SINR increases slightly with the increase
of FMCs number. The simulation shows that the
minimum SINR reading value is 76.26 dB with 1 FMC
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and the maximum SINR reading value is 77.05 dB when
the number of FMCs is equal to 144.

C. Probability of Connection

Fig. 2(c) shows the probability of connection at the
indoors within 0 dB SINR threshold value and a varied
number of FMCs 1 FMC up to 144 FMCs. The
probability of connection from the FMCs to the UEs
increases approximately in straight deviation trend within
the increase in FMCs, for instance in our simulation as
shown in Fig. 2(c) the probability of connection is 0.03 (3
%) in one FMC, 0.52 (52 %) in 50 FMCs and finally it is
1.0 (100 %) the best and complete connection when the
number of FMCs is 144.

D. Comparison of FMC at Various Indoors Areas

Figs. 3(a)-3(d) show the interference, SINR and the
probability of connection for 3 cases, each case consists of
different area dimensions and 16 FMCs, the first case
curve shows the area dimension of 120 m x 120 m, the
second case curve is the area dimension of 80 m x 80 m
and the third case curve is the area dimension of 40 m x
40 m.

In Fig. 3(a) the interference is raised within the
increase of the area dimension and in every case the
interference is trend to low down slightly within the
increase of FMCs. For instance in our simulation the
largest area dimension; which is 120 m x 120 m has the
highest interference amongst the 3 areas. Moreover, the
interference in the largest area is decreased within the
increase of FMCs, the interference with 1 FMC is 1.26
dB, with 10 FMCs the interference is 1.15 dB and with 16
FMC:s the interference is 1.13 dB.

In Fig. 3(b) the SINR is raised dramatically within the
increase of the area dimension and in every case the SINR
is increases slightly within the increase of FMCs number.
For instance in our simulation the smallest area
dimension; which is 40 m x 40 m has the lowest SINR
amongst the three areas. Moreover, the SINR in the
smallest area is increased within the increase of FMCs,
the SINR with 1 FMC is 0.965 dB, with 5 FMCs the
SINR is 0.99 dB and with 16 FMCs the SINR is
approximately 1.0 dB.

However, in Fig. 3(c) the probability of connection is
decreased within the increases in area dimensions and in
every case the probability of connection increases within
the increase in FMCs number. For instance in the smallest
area which is 40 m x 40 m dimensions the probability of
connection is the highest amongst the 3 areas. Also, for
this area the probability of connection increases within the
increase in FMCs number. Therefore, the probability of
connection is 0.16 (16 %) in 1 FMC, 0.75 (75 %) in 10
FMCs and finally it is the best connection 1.0 (100 %)
when the number of FMCs for this area is 16.
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Figure 3. FMCs-UE at Various Area Dimensions, (a) Interference, (b)
SINR and (c) Probability of Connection.

E. Comparison of Various SINR in 3-D FMC at 120 m x
120 m

In this study a number of simulations were carried out,
each have a number of iterations to calculate the
interference and the SINR for various SINR threshold
values in dB in the indoors. The best FMC coverage
distance is 10 m Omni direction therefore 10 m by 10 m
area will be covered by a single FMC. These simulations
were run in 3 dimensions in the indoors for the area 120 m
X 120 m at 4 scenarios. Scenariol, which contains 18



6 Mohammed Alshami, et al.: Formtocell Interference and probability.......

FMCs, scenario 2 contains 36 FMCs; scenario 3 contains
72 FMCs and scenario 4 which contains 144 FMCs. In all
the scenarios the simulation calculated the downlink
interference from the interferers neighboring FMCs to the
target UE, where the serving FMC is chosen as the nearest
FMC to the intersection centre of X and Y axes, while the
target UE is initiated by X to be 1 mand Y to be 1 m and
continued by increasing X up to 120 m while Y fixed in 1
m then increment Y by 1 m and varied X from 1 m to 120
and so on up to Y reached 120 m and X is 120 m, this is
repeated within every FMC increment. Moreover, these
simulations are evaluating the probability of connection in
3 dimensions at various SINR threshold values which are
0, 10, 15 and 20 dB.

Table 111 and Fig. 4 show the probability of connection
in 3 dimensions for 18 FMCs at 120 m x 120 m in 0 dB,
10 dB, 15 dB and 20 dB SINR threshold values. The
probability of connection in 0 dB started at 70 % and end
at 90 % as maximum probability, while it started at 60 %
and end at 80 % as maximum probability in 10 dB.
Moreover, the probability of connection in 15 dB started
at 20 % and end at 60 % as maximum probability, while it
started at 10 % and end at 50 % as maximum probability
in 20 dB.

Table IV and Fig. 5 show the probability of
connection in 3 dimensions for 36 FMCs at 120 m x 120
m in 0 dB, 10 dB, 15 dB and 20 dB SINR threshold
values. The probability of connection in 0 dB and 10 dB is
good and it is 100 %, while it started at 80 % and ended at
90 % as maximum probability in 15 dB. Moreover, the
probability of connection in 20 dB started at 50 % and
ended at 85 % as maximum probability.

Table V and Fig. 6 show the probability of connection
in 3 dimensions for 72 FMCs at 120 m x 120 m in 0 dB,
10 dB, 15 dB and 20 dB SINR threshold values. The
probability of connection in 0 dB and 10 dB is good and it
is 100 %, while it is 90 % probability in 15 dB. Moreover,
the probability of connection in 20 dB started at 80 % and
end at 90 % as maximum probability.

Table VI and Fig. 7 show the probability of
connection in 3 dimensions for 144 FMCs at 120 m x 120
m in 0 dB, 10 dB, 15 dB and 20 dB SINR threshold
values. The simulation presented that the probability of
connection in these threshold values 100 %.

Table VII presents the summary for the probability of
connection in 3 dimensions for 18, 36, 72 and 144 FMCs
distributions at 120 m x 120 m, within various SINR
threshold values which are 0 dB, 10 dB, 15 dB and 20
dB.The simulation illustrated that the probability of
connection for the number of 18 FMCs distributions is
good in 0 dB and 5 dB SINR threshold values, while the
probability of connection is weak in 15 dB and 20 dB. In
addition, the simulation illustrated that the probability of
connection for the number of 36 FMCs distributions is
high in 0 dB and 5 dB SINR threshold values, while the
probability of connection is good in 15 dB SINR threshold
value and between weak and good in 20 dB SINR
threshold value. Moreover, the simulation illustrated that
the probability of connection for the number of 72 FMCs

distributions is high in 0 dB and 10 dB SINR threshold
values, while the probability of connection is good in 15
dB and 20 dB SINR threshold values. Finally, the
simulation illustrated that the probability of connection for
the number of 144 FMCs distributions is high in all the
SINR threshold values which are 0 dB, 10 dB, 15 dB and

20 dB.

TABLE III. PROBABILITY OF CONNECTION FOR 18 FMCs IN 3-
DIMENSIONS
Threshold SINR Value % for The Probability of Connection
0 dB 70 % —90 %
10 dB 60 % — 80 %
15 dB 20 % - 60 %
20 dB 10 % — 50 %
TABLE IV. PROBABILITY OF CONNECTION FOR 36 FMCs IN 3-
DIMENSIONS
Threshold SINR Value % for The Probability of Connection
0 dB 100 %
10 dB 100 %
15 dB 80 % —90 %
20 dB 50 % — 85 %
TABLE V. PROBABILITY OF CONNECTION FOR 72 FMCS IN 3-

DIMENSIONS

Threshold SINR Value

% for The Probability of Connection

0 dB 100 %
10 dB 100 %
15 dB 90 %
20 dB 80 % —90 %
TABLE V1. PROBABILITY OF CONNECTION FOR 144 FMCs IN 3-
DIMENSIONS

Threshold SINR Value % for The Probability of Connection
0 dB 100 %
10 dB 100 %
15 dB 100 %
20 dB 100 %

TABLE VII.  SUMMARY FOR THE PROBABILITY OF CONNECTION IN

3-DIMENSIONSFOR THE AREA 120 X 120 M

Threshold Number of FMCs
SINR in 36 FMCs 36 FMCs 72 FMCs 144 FMCs

0 dB 70 % - 90 100 % 100 % 100 %
%

10 dB 60 % — 80 100 % 100 % 100 %
%

15 dB 20 % - 60 80 % — 90 90 % 100 %
% %

20 dB 10 % - 50 50 % -85 80 % —90 100 %
% % %
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VI. CONCLUSIONS

The downlink interference occurred when the serving
FMC and the neighbor FMC are transmitted at the same
subchannel. In this paper we have investigated the
downlink of FMCs deployment strategies indoors for
mobile radio networks in 2 scenarios.

This simulation calculates the interference, SINR and
the probability of connection for varied number of FMCs
1 up to 144 FMCs in fixed area dimensions which is 120
m x 120 m. Therefore, the probability of connection from
the FMCs to the UEs increases approximately in straight
line trend within the increase in FMCs. We have
presented the interference, SINR and the probability of
connection for 3 cases, each case consists of different area
dimensions and 16 FMCs, the first case curve shows the
area dimension of 120 m x 120 m, the second case curve
is the area dimension of 80 m x 80 m and the third case
curve is the area dimension of 40 m x 40 m. The
interference is raised within the increase of the area
dimension and in every case the interference is trend to
low down slightly within the increase of FMCs, while the
SINR is raised within the increase of the area dimensions
or within the increase of FMCs. The probability of
connection is decreases within the increased in area
dimension and increases within the increase in FMCs
number.

Moreover, the work in this paper presented the
probability of connection in 3 dimensions for 18, 36, 72
and 144 FMCs distributions at 120 m x 120 m, within
various SINR threshold values which are 0 dB, 10 dB, 15
dB and 20 dB. The simulation illustrated that the
probability of connection is high and perfect for the
number of 144 FMCs distributions, while the probability
of connection is the worst for the number of 18 FMCs
distributions especially when SINR threshold values is
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more than 10 dB. Moreover, the probability of connection
is high and perfect for the numbers of 36 FMCs and 72
FMCs distributions when SINR threshold values is less
than 10 dB and not perfect or sometimes weak when
SINR threshold values is more than 10 dB.

The interference can be managed if appropriate
number of FMCs and different subchannels are used.
Furthermore, we have presented that by using FMCs
indoors the capacity and coverage increased on downlink
because the UEs served by FMCs can process more data
rates than by BS.
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