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PHISIT PROMBUTR : CREATING INTERFERENCE GRAPH FOR
FREQUENCY CHANNEL ALLOCATION OF INDOOR FEMTOCELL
NETWORKS IN MULTI-FLOOR BUILDINGS. THESIS ADVISOR :

ASSOC. PROF. MONTHIPPA UTHANSAKUL, Ph.D., 184 PP.

FEMTOCELL NETWORKS/FREQUENCY CHANNEL ALLOCATION/

INTERFERENCE GRAPH

At present, wireless communication devices are extensively used. When they
expand the popularity, the demand for mobile traffic increases. The utilization of the
network service also significantly increases. Therefore, femtocell technology is added
to increase the efficiency of the network operation. It improves the capacity of the
network service and increases the signal coverage to the service area of the wireless
network. When implementing femtocell base station in the service area, there is the
problem of interference signals between femtocell base stations. Thus, the appropriate
frequency channel determination by the frequency channel allocation is introduced to
each femtocell base station. It is an important factor to reduce interference and
maximize network performance.

This thesis proposes frequency channel allocation based on the interference
graph creating technique for indoor femtocell networks in multifloor buildings with
frequency channel allocation criteria consideration. The performance of network
service is analyzed. There are the areas covered by the signal from femtocell base
station and the interference signals from femtocell base station and signal quality in
service areas. The proposed technique and analyzation are solved using MATLAB

Simulink and IBM ILOG CPLEX Optimization Studio.



The results of the proposed creating interference graph technique can support
frequency channel allocation to each femtocell base station. Moreover, the performance
of the studied femtocell networks in terms of signal quality is increased, compared to

other creating interference graph techniques in the literature review.
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Academic Year 2017 Advisor’s Signature v -
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Pseudo-code of the Developed Heuristic Algorithm:

INPUT G=(V,E)

1 Compute Degree(v) for all vin V

2 Set uncoloredCells = V sorted in ascending order of Degree(v)

3 Set currentColor = 0

4  For each element in uncoloredCells:

5 currentColor = currentColor + 1

6 Set u=first element of uncoloredCells

7 Set cellColor(u) = currentColor

8 Set coloredCells = {u}

9 Remove u from uncoloredCells

10 For each v in uncoloredCells:

11 If v is not adjacent to any cell in coloredWithCurrentColor:
12 Set cellColor (v) = currentColor
13 Add v to coloredCells

14 Remove v from uncoloredCells
15 End if

16 End for

17 End for
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Abstract

In this paper, we propose frequency allocation for femtocell or
small basc station using integer lincar programming to solve this
problem. In the experiment, we allocated the frequency for femtocell in
office and building, when interference occurs between cells. Hence we
have frequency planning with frequency reuse method in order to
conserve frequency resources, save cost and maximize bandwidth
utilization. As a result, the proposed techniques can minimize the

number of frequencies allocated to the femtocell effectively.

Keywords: Femtocell Networks, Frequency Allocation Techniques,
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Abstract

This paper presents an interference graph for frequency channel

of fi 11 vorks in multi-floor buildings. Our

experiments consider different sets of parameters to observe and analyze
the signal quality in the service area after the frequency channel
assignment that uses the proposed interference graph. The experiment
results show that the interference graph affects the number of frequency
channels deployed in the femtocell networks and consequently it affects
the quality of signal in the buildings. Therefore, using the suitable
interference graph could improve the performance of the frequency

channel assignment.

Keywords: Femtocell networks, Interference graph, Frequency channel

assignment
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ABSTRACT

This paper presents the process of creating the
interference graph for frequency channel allocation of
indoor femtocell networks in a multi-floors building. We
proposed five steps in the interference graph creating
process. The created interference graph is used as the
main condition to deployed frequency channel allocation
into each Femtocell Base Station (FBS). We set four
experimental scenarios classified by FBS’s transmit
power and overlap threshold percentage for studying
observing and analyzing the received signal in the study
area. Experimental results obtained in this paper are
presented in terms of the interference links from the
proposed interference graph, frequency channel
allocation from interference graph and contour plot of
signal-to-interference-plus-noise ratio (SINR). From the
experimental results, we found that the number of
interference links and determination of overlap threshold
percentage affect the number of frequency channel and
the value of SINR in the femtocell network. The
proposed interference graph for frequency channel
allocation can effectively improve the efficiency of
femtocell networks.
KEYWORDS: Femtocell networks, frequency channel
allocation, interference graph.

1. INTRODUCTION

At the present day, the use of wireless
communication devices such as smartphone or tablet is
very popular. The number of worldwide mobile phone
users are 7,500 million units in 2016 and will increase to
8,900 million units in 2022 (Ericsson (2016)). The
demand of data traffic is increased related to the
popularity of mobile terminals. Therefore, mobile phone
network operators introduced femtocell technology to
increase capacity and coverage for their service area.
However, there is the problem in terms of signal

interference between femtocells which affect the quality
of signal in the mobile phone network.

The problem from the frequency channel assignment
to femtocells can occur when femtocells are assigned the
same frequency channel (Goldsmith (2004)). The signal
transmitted from same-frequency-channel femtocells
make interference signal to each other. From this
problem, the service efficiency of the mobile phone
network is seriously degraded. To avoid this problem, the
network planner may define unique frequency channel to
each femtocell inside networks. However, this ideal
solution requires too many frequency channel for every
femtocell in networks which waste the frequency
resource. One from many optimal solutions is using the
interference graph (Zhang, et al. (2011)) of femtocell
networks. The interference graph determines interference
among femtocells in the service area. Then, the
frequency allocation is implemented considering
frequency reuse method to reduce the number of
frequency channels in the network.

From our literature review, we found that there are
many researches focus on frequency channel allocation
outside the building as follows; (Shi & Zhu (2012))
studied about reducing signal interference, improving
performance of frequency allocation using graph
colouring algorithm for frequency allocation and
presented the interference graph of femtocell networks.
This method can effectively improve femtocell
throughput and total throughput. Research work (Bouras,
et al. (2012)) proposed signal interference reduction
technique in femtocell networks and presented frequency
reuse method to improve throughput performance. In
addition, there are several research works studied on the
frequency channel allocation inside the building as
follows; (Liu, et al. (2012)) mentioned the radio resource
allocation for femtocell inside the five floors building
using heuristic algorithm. The objective is minimizing
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the number of used frequency channels. Research (Cao,
et al. (2011)) presented frequency adjustment technique
for LTE systems which consist of frequency allocation
algorithm and frequency reuse algorithm  with
interference graph consideration.

From the existing research works related to
frequency channel allocation for base stations in wireless
network, they paid attention to technical development
and improvement frequency channel allocation for
indoor and outdoor cellular networks. Their objectives
are reducing signal interference and improving
communication performance without interference graph
creation consideration. Therefore, our research focus on
study and the development of creating interference graph
for frequency channel allocation of indoor femtocell
networks in a multi-floor building. Our technique aims to
reduce the signal interference between femtocells and
reduce the number of frequency channels used in
femtocell networks.

The rest this paper is organized as follows; Section 2
mentions the path-loss model. The process of creating
the interference graph is presented in Section 3.
Experimental environment and results are explained in
Section 4. We conclude this paper in Section 5.

2. PATH-LOSS MODEL

We used path-loss model to predict the loss of signal
power. Then the loss of signal power was used to
calculate received power at signal test points. Equation
(1) and Table I explain the signal path-loss model which
is defined by 3GPP standard and applied to indoor
femtocell networks (Sree Vardhan, et al. (2014)).

(2
(2 46

PL=40.7412+20log,,(R) +0.7d,,,,,, +183n ™ +qL,

e

()
Table 1. Parameters used for signal path loss model.

Parameters Definitions

R Distances between femtocell and signal test
point (m)

dap,indoor The thickness of the walls inside the
building. (0.18 m)

n The number of penetrated through the
floors.

q The number of penetrated through the
walls.

Liv The loss of the wall inside the building.

3. THE PROCESS OF INTERFERENCE GRAPH
CREATING

Interference graph is a technique applied with
frequency channel allocation to increase its efficiency.
The interference graph consists of “nodes” and “links”.
The link between nodes which indicate interference is
called “interference links”.

Process of creating the interference graph is
explained as follows

1. Define initial parameters

2. Calculate distances (d) between femtocell base
station (FBS) and signal test point (STP)

3. Calculate received power (Pr) at STP

4. Calculate overlap percentage value between two
FBSs, defined as FBS a and FBS b, by equation (1)

Z
FB-D+@-DrT

Here, parameters X and Y denote the number of
STPs which their Pr level are higher than the defined
threshold and received from FBS a and FBS b
respectively. Parameter Z represent the number of STPs
which their Pr level received from both FBS a and
FBS b simultancously and higher than the defined
threshold.

5. Define overlap percentage threshold for creating
the interference graph.

The interference between two FBS occur if overlap
percentage value more than the defined threshold value.
In contrast, the interference do not occur if the
percentage lower than the threshold.

%Overlap = 100 (1)

4. EXPERIMENTAL ENVIRONMENT AND
RESULTS

This section is divided into two subsections. Section
4.1 explains Experimental parameters. Experimental
results is explained in Section 4.2.

4.1 Experimental Environment

This section explains about the experimental
scenario setup, service area and initial parameters. For
the serviced area, we used two floors building which
shown in Figure 1. Figure 1(a) and Figure 1(b) show
floor plan of 1 and 2" floor in the study area
respectively. The position of femtocells are placed in
uniform pattern which are shown by triangle symbols.
There were 6 FBS unit/floor. Table 2 presents initial
parameters which are used in our experiments. Table 3
presents experimental scenarios. There are four cases
which classify by transmit power and overlap threshold.
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Fig.1 Service area using two floors building

Table 2. Initial parameters used for experimental

Parameters Value
Signal frequency 2.6 GHz
Transmit power 20 dBm
Bandwidth 20 MHz
Service area 7S5mx75mx3m
Number of FBS 6 units/floor
Number of signal test point 324 units/floor
Received power threshold -75 dBm

Table 3. Experimental scenarios

. Transmit %Overlap | Total
Power Threshold | floors
1 5dBm 10% 2
2 5dBm 20% 2
3 10 dBm 10% 2
4 10 dBm 20% 2
4.2 Experimental Results

4.2.1 Result of the Overlap Area

To calculate the overlap area, we firstly use path
loss model in Section 2 and information of study area in
Subsection 4.1 to calculate received signal Pr at each
STP. Then, we calculated overlap area using equation (2)
in Section 3.

Examples of contour plot for signal overlap area are
shown in Figure 2. The received signal (Pr) which STPs
received from FBSs is represented by color lines. The
gray area represents the signal overlap area. Figure 2(a)
presents the overlap area between 1% and 2™ FBS, which
is 32.5%. Figure 2(b) presents 15.927% of the overlap
area between 1" and 6" FBS. In figure 2(c), there is not
overlap area between 1% and 12" FBS.
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Fig. 2 Example of signal overlap area on the first floor
which STPs receive signal power (Pr) from FBSs

4.2.2 Result of Created Interference Graph

From the process of creating the interference graph
in Section 3, we got interference graph by each
experimental scenario as follows. Figure 3(a), (b), (c)
and (d) presents interference graph in experimental
scenario 1, 2, 3 and 4 respectively. There are 18, 8, 34
and 19 interference links occur in scenario 1, 2, 3 and 4
respectively. From the interference graph, the number of
interference links decrease with the increase of overlap
percentage threshold.

= \W3 9 0 N
S B N n
" 4 00

() Scenario 1
18 interference links

(b) Scenario 2
8 interference links
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(d) Scenario 4
19 interference links

(c) Scenario 3
34 interference links

Fig.3 Created interference graph classified by
experimental scenario

4.2.3 Result of Frequency Channel Allocation

From interference graph in Section 4.3, we operated
frequency allocation for femtocell network by frequency
channel allocation technique from (Liu, et al. (2012)).
The results of frequency channel allocation is shown in
Figure 4. Figure 4(a) presented frequency channel
allocation for the first experimental scenario, there are 4
allocated frequency bands. The frequency channel
allocation result for experimental scenario 2, 3 and 4 are
2, 5 and 4 allocated frequency bands which shown in
Figure 4(b), (c) and (d) respectively.

(a) Scenario 1 (4 Ch.) (b) Scenario 2 (2 Ch.)

“k ]ﬁﬁ

L 42 i
A /hﬁ A /
/e [\ [n/

/

(c) Scenario 3 (5 Ch.) (d) Scenario 4 (4 Ch.)

Fig.4 Frequency channel allocation

4.2.4 Results of Signal Quality in the Service Area.

From frequency channel allocation using
interference graph, we analyzed signal quality in the
service area. SINR (Signal to interference noise ratio)
was used for represent signal performance.

Figure 5, 6, 7 and 8 present contour plot of SINR in

experimental scenarios 1, 2, 3 and 4 respectively.
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Fig.5 Contour plot of SINR from Scenario 1
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Fig.6 Contour plot of SINR from Scenario 2
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Fig.7 Contour plot of SINR from Scenario 3

FORE ] X O™ X, BN W T
X {mere; et}

(a) 1* floor (b) 2" floor
Fig.8 Contour plot of SINR from the Scenario 4

From Figure 5-8, we observed that Scenario 2 has
low SINR level because there are a lot of duplicate
frequency channels which lead a high interference signal.
In the other hand, the other scenarios have high SINR
because there have using a few of duplicate frequency
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channels. There is low interference signal in these
scenario.

For easier comparison, we plot SINR from
frequency channel allocation in each experimental
scenario using C.D.F. graph which illustrated in figure 9.
The violet, green, black and red lines represent SINR of
experimental scenario 1, 2, 3 and 4 respectively.

——5dBm_10%
—5dim _20%
|—=10d8m_10%"
- = 10dBm_20%
= u am
0 30 @ 5
SINR {dB)
Fig.9 C.D.F graph of SINR

From Figure 9 and Table 4, we observed that
scenario 3 has the highest average SINR compare to
other scenarios. Scenario 1 and 4 have average level of
SINR around 21 dB. Scenario 2 has the lowest SINR
among every scenarios which is around 12 dB. In
Scenario 3, its SINR is around 26 dB which is the
highest. From our frequency channel allocation test, it
indicates that the scenario 3 use low-frequency reuse
which lead the low interference.

Table 4. Result of average SINR

Transmit * 2 | Total
. %Overlap | SINR
Scenario | Power floor | floor | Bldg.
Threshold | value
(dBm) (dB) | (dB) | (dB)
Avg. [27.09 | 1534 | 21.22
1 5 10
SD. [ 1175 | 839 | 11.76
Avg. | 1441 | 1068 | 12.55
2 5 20
SD. | 780 | 855 | 839
Avg. | 32.56 | 19.05 | 25.81
3 10 10
SD. [ 1L32 ]| 924 | 12.32
Avg. | 2696 | 1571 2134
4 10 20
SD. | 1186 | 875 | 11.83
5. CONCLUSIONS

This paper presented the technique and the process
of creating interference graph for frequency channel
allocation of femtocell network in multi-floors building.
We designed processes for interference graph creation
including parameters definition, distance and received
power from FBS to STP calculation, overlap percentage
between FBS calculation and overlap percentage
threshold definition. We set two floors building which
had 12 installed FBSs for being the study area. After
created interference graph, we operated frequency

allocation into each FBS in the study area. Our
experimental results showed that the number of
interference links from interference graph effect to the
number of frequency channel and its impact to SINR of
femtocell network. From created interference graphs, we
found that selection and definition of overlap percentage
threshold affect to the number interference links. Finally,
our process of creating interference graph can help
frequency channel allocation for other indoor femtocell
networks efficiently.
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