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REDUCTION OF CO-CHANNEL INTERFERENCE IN CELLULAR
NETWORK USING SECTORIZATION METHOD
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ABSTRACT

In this work, cell sectoring is used to reduce co channel interference in the
reverse link of a wireless cellular network. The advantage that the number of
interfering mobiles decreases with respect to the increase in the number of
sectors is taken to sectorize a cell with 120 degrees opening per sector. Only the
first tier is considered owing to the fact that the interference from other tiers is
negligible.

Simulation of the result is done in Matlab and it is shown in terms of the signal-
to-interference ratio (SIR), Bit error rate (BER), the received signal constellation
which is shown in three categories namely: Result without sectoring, Result with
sectoring, combined effect of result with sectoring and increase transmit power
of the desired signal. It is deduced that with three sectored antenna
incorporated, signal-to-interference ratio and Bit error rate improve by 0.77dB
(21.8%) and 5.6dB (55%) respectively while the constellations of the received
signal is better. A little more increase in the transmit power of the desired signal
results to zero bit error and more appreciable improvement of about 4.5dB in
signal-to-interference ratio while the constellation of the received signal is
better.

KEYWORDS: Modeling, CDMA, Sectoring, Wireless, Cellular, Constellations,

Network.

INTRODUCTION

A cellular network is a mobile network that
provides services by using a large number of low
power base stations, each covering only a limited
area. This limited power makes it possible to
reuse the same frequency a few cells away from
the base station without causing interferences. In
this way a geographical large area can be covered
with only a limited set of frequencies. A cellular
network is a very efficient manner of using the
scarce frequency resources. The objective of

frequency reuse and channel assignment scheme
is to minimize the call blocking and the call-
dropping probabilities (Hale, 1980). The size of a
cell can vary according to the number of users
that have to be served in a certain area and the
amount of traffic per user. If there is much traffic
in an area the cell size will be smaller thanin rural
areas. The key characteristic of a cellular network
is the ability to reuse frequencies to increase
both coverage and capacity.
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In a cellular radio system, a land zone to be
provided with radio administration is separated
into general molded cells, which can be
hexagonal, square, roundabout or some other
unpredictable shapes, albeit hexagonal cells are
regular. Every one of these cells is relegated
different frequencies which have relating radio
base stations. The gathering of frequencies can
be reused in different cells, gave that similar
frequencies are not reused in contiguous
neighboring cells as that would cause Co-channel
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impedance. The expanded limit in a cellular
system, contrasted and a system with a solitary
transmitter, originates from the way that a
similar radio recurrence can be reused in an
alternate territory for a totally unique
transmission. In the event that there is a solitary
plain transmitter, just a single transmission can
be utilized on any given recurrence. Lamentably,
there is definitely some level of obstruction from
the flag from alternate cells which utilize a similar

recurrence (Ahaneku and Chijindu, 2013).

#

Physical distance
between co—channel
cells

v

Figure 1.Schematic diagram of frequency reuse

In cellular mobile communication, frequency
spectrum is a precious resource divided into non-
overlapping spectrum bands which are assigned
to different cells. However, after certain
geographical distance, frequency is reused
according to figure 1 above. Owing totally to this
phenomenon called frequency reuse, Co-channel
interference arises in the cellular mobile network.
The Co channel interference seriously impact
network performance, resulting in poor speech
quality, lower data rates, dropouts and even

complete loss of voice calls.

THEORITICAL BACKGROUND

The signal to interference ratio (SIR) decides the
nature of administration experienced by the base
station backward channel (mobile to base
station) and by the mobile client in the forward
channel (base station to mobile) in a CDMA
system. Cochannel interference is a constraining
factor in a cellular mobile radio system. In this
manner, registering the signal to interference

© Eureka Journals 2018. All Rights Reserved.

ratio is critical for deciding scope, limit, and
nature of administration in a CDMA system. This
thesis examines the signal to noise ratio (S/N)
due to the additive white Gaussian noise
(AWGN), and co-channel interference in the
reverse channel (mobile to base station) of CDMA
for a cellular architecture.

Reliable with current CDMA plans, we accept that
there are separate frequency bands for the
switch connect (mobile to base) and the forward
connection (base to mobile). In this proposal, the
suspicion is that all transmitters, regardless of
whether in bases or in mobiles, utilize omni-
directional antennas aside from sectoring plan for
cochannel interference lessening in which
directional reception apparatus is being utilized.
These two presumptions infer that any mobile in
the system encounters interference from every
base station, yet does not encounter interference
from different mobiles (forward connection).
Correspondingly, a given base station encounters

interference from all mobiles in the system,
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however not from other base stations (invert
connect). In this paper, the turnaround interface
is viewed as it were. Albeit all co-channel cells
meddle with each other, we will dissect just the
main level since the interference from ensuing
levels is insignificant when contrasted with the
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first and second levels. Utilizing a hexagonal cell
design, the reference cell 0 and the adjoining first
(marked by a solitary letter) and second level
(named by twofold letters) cells are appeared in
Figure 2.

Figure 2.Reference cell with the first tier (gray shaded) and second tier co-channel cells

To derive an expression for the signal to
interference ratio due to co-channel interference,
we have to consider several factors: additive
white Gaussian noise (AWGN), the path loss
exponents for each of the cells and the ratio of
the power of the interfering co-channel users to
the desired user's power as received by the
mobile station.

We can obtain the generalized expression for the
signal to interference ratio (SIR) of the reverse
link of the CDMA system as follows:

-1
(E' sV’ /s]'
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Where E,/N, is the signal energy per bit-to-noise

(3.1)

ratio, Ng is the one-sided noise power spectral
density, E, = PoT, is the average bit energy, T, is
the bit duration, Py is the signal power of the
desired user.

The second term in eq. (3.1) is the intra-cell
interference caused by the other users in the
reference cell given as
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(3.2)
where y=2/3N is the normalized variance of the
multiuser interference (MUI) within the reference
cell, Eiis the bit energy of the desired mobile, E;is
the bit energy of the undesired mobiles within
the reference cell, and K is the number of usersin
the cell.

We also assume that power control (each mobile
transmitter power level is controlled by its base
station) is employed within the each cell, and all
mobiles have equal signal power at the base
station within the cell, i.e., E;= E,= E,,.

Assuming a channel activity factor a(such as voice
activity) and substituting into (3.2), we obtain:

LN I T L
I, w20 20K -1}
AN b

h (3.3)

(3.4)
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Where K is the number of users in the reference
cell.

The third term in (3.1) is the first tier co-channel
interference at the base station of interest and is
given as:

S\' ooy a5
1 tier —1 i=13 k= Po

where Po is the average received signal power at

(3.5)

the reference base station, iy is the number of the
first tier co-channel cells, K; is the number of
users within the i co-channel cell, Py is the
average received power at the reference base
station due to the k™ user in the i co-channel
cell, and a is the channel activity factor.

The last term in (3.1) is the second-tier co-
channel interference at the base station of
interest and is given as:

o gl
1 fier -2 j=I 3N k=1 Po
(3.6)
where Po is the average received signal power at

the reference base station, jo is the number of
second tier co-channel cells, K; is the number of
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users within the jth co-channel cell, Py is the
average received signal power at the reference
base station due to the k™ user in the | co-
channel cell, and a is the channel activity factor.
Hence the signal to interference ratio of the
signal is given by:

PDIHr .
S./f = N‘Lnfn

E-:ia.n'Dz-z

(3.7)

Where p= distance between mobile station and
central base station.

To simplify the calculation of the distances
between the reference base station and the
interfering mobile stations in the co-channel cells,
we locate the reference base station at the
center of a x-y coordinate system, that is the
coordinates of the reference base station is (0,0).
We can then easily obtain the coordinates of the
interfering mobile stations as shown in Figure 3.
The distance between an interfering mobile
station and the reference base station is

_ ( 2 2
d(},:'k = X T Vi

(3.8)

0.0

Figure 3.The coordinates of the reference base station and an interfering mobile station

where (x;,Yi) is the coordinate of the k™ mobile
station in the i co-channel cell, relative to the
reference base station. The location of each
mobile station in the first and second co-channel

© Eureka Journals 2018. All Rights Reserved.

cells is determined and its distance to the
reference base station computed.

We also have to know the distance between the
interfering mobile station and its base station to
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derive transmitted signal power of the interfering

mobile station.

From Figure 3, we obtain the distance between
each mobile station and its own base station as

76

d, =3R, i=#l,
(3.9)

Where the cell radius R is the distance from the
center of the cell to any of the six vertices of the

small hexagons.

Figure 4.Diagram to show the distances from the central base station and the interfering base station.

From Cosine rule
ID| =
\(Pz + D? — 2PDcos(6; — 67)

(3.10)
Where,

P= distance between mobile station and central
base station.

D= Distance between central base station and
interfering base station

31- = Bearing of interfering base station with

respect to central base station.

g

0= Bearing of mobile station with respect to

central base station.

The power received by a mobile station at a
distance D from a base station is given as

© Eureka Journals 2018. All Rights Reserved.

Py = —2 (3.12)

- 4mD?
The power received by a mobile station from all
the interfering base stations plus the central base
station is given as

The power received by a mobile station from all
the interfering base stations plus the central base
station is given as

6

_ Do + Do
I dmp* 4mh?
i=1 (3.12)
The S/I ratio can be calculated as
o
ampe
S/l = 3o 5 (3.13)
E=14I.':DE?

From sine rule and adjustment by nt the bearing
of the mobile station from the interfering station
is given by
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6,; = 6, —sin~? [sin(%] X
D|+m

(3.14)
Where

P,=Power of the transmitted signal from the base
station

METHODOLOGY

Vol. 2, Issue 1 - 2018

A standout amongst the most imperative
procedures accessible to diminish the co-channel
interference, and consequently, increment the
limit of a CDMA cellular system is sectoring.
Sectoring is the substitution of the base station's
single omni-directional receiving wire with a few
directional antennas. These are utilized as a part
of both for getting and transmitting from and to a
specific sector of the cell as appeared in Figure 4.

Figure 5.120 sectoring with the first (gray shaded) and second tier co-channel cells.

This is an instance of impeccable directional
antennas; there is a sharp separation between
the sectors. Along these lines, the cell is
partitioned into D sectors. Sectoring into D
sectors produces opening edges of 360°/D. In
light of impeccable sectoring, the quantity of
meddling mobiles diminishes with the expansion
in the quantity of sectors. As clarified beforehand
in this part, since we expect that every cell
comprises of 7 "little hexagons" and every client
is at the focal point of one of these little
hexagons, the clients are uniformly conveyed
among the cells. Hence, the quantity of clients in
every sector is the total number of clients
separated by number of sectors. In this manner,
the power interference ratio between one sector
to the entire cell is the ratio of number of clients
in that sector to the total number of clients in the
cell.

© Eureka Journals 2018. All Rights Reserved.

During sectoring, a sectoring antenna has the
directional field pattern given as
28
E = E,cos S (3.15)

Where 0 is the azimuth angle.

The power therefore received at a distance D is

given by
'pocos‘l'g
=—" 3.16
P 4mD2 ( )

Power received from central station.

The mobile is at a distance P from the central
station. Therefore the received power from the
central base station is given as

a8
P — ppcosT

> (3.17)

4np2
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POWER RECEIVED FROM INTERFERING STATION

Table 1.Interfering signal power based on the spatial orientation of the

Mobile station, central station and interferer

Central Station position from the interferer @;

Magnitude of the Interferer Power Pr(8;)

30° . (/)
Docos”13”
47D}
0
60 pocos"%
47D}
90° . (/)
Docos”13”
47D}
120° . (bm)
pocos” ~¢
4D}
150° 11
pocas® ( i3 )
41D;
1800 'pDCGS4R
4nﬂf

The total power from Interfering Stations

1
] P .
= - (84T 3.20
431)2? =1 Dcos"'—‘ !2 ) ( )
Mmman 5m
Hl' = (_I P
32 3" &
The S/I ratio can be calculated thus as
F'.;;.ls'-:.!s"'zﬂ
= e o am (3.21)
T Si—yfo (6;+m
amp; TIEL Sd.ET

When sectoring is applied, the location of each
mobile station in the first tier co-channel cells is
determined and its distance to the reference
base station computed using cosine rule as
shown in the equation 3.10 above:

D; = Distance between interfering base station

and mobile station.

© Eureka Journals 2018. All Rights Reserved.

Hi = Bearing of interfering base station with

respect to central base station.
H'p: Bearing of mobile station with respect to
central base station.

With application of Sectoring, the power of the
transmitted signal being the power received by
mobile stations from all base station is shown in
equation (3.21) above

Where the angle Hiﬂi = Bearing of mobile station

with respect to interfering station, as shown the
equation (3.14) above

That is the reference angle to which the sectoring
angles are being measured which determines the
direction of the antenna and its coverage to a
particular number of interfering mobile cells.
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Receiver

d=Fsgtd)

Figure 6.Matlab Model of the cellular Network

The communication system in this work includes
these components: A transmitter, which creates a
PSK (phase shift key), modulated signal and
applies a square root raised cosine filter. The
result is the “original signal” to which the
interference signals is added. Six interferers,
Interfererl, Interferer2, up to interferer6, each of
which is similar to the transmitted signal but has
a modifiable frequency offset and power gain. A
sum block in the model adds the six interfering
signals to the original signal. By default, all the
interferers are active; however, you can
deactivate one or all interferers. Another

component is the additive white Gaussian Noise
(AWGN). It is additive because it is added to any
noise that might be intrinsic to the system, white
because it has uniform power across the
frequency band for the system and Gaussian
because it has a normal distribution in the time
domain with an average time domain value of
zero. AWGN is added to mimic the effect of many
natural random processes that occur in the
system. A receiver, which filters, down-samples,
and demodaulates the received signal. The fully
modeled system is shown in figure 6 above.

SIMULATIONS, NUMERICAL RESULTS AND DISCUSSIONS

Table 3.Data collected

S/NO | PARAMETERS VALUES
1. Distance between mobile station central base station, P 4dm

2. Distance between central base station and interfering base stations, D 6m

3. Beam width, BW 200e3
4. Signal power of the actual signal, Py 1.0dB
5. Signal band width, B 2MHz
6. Signal type PSK

7. Signal sampling time le-6s
8. Signal bit rate le6/s
9. Up-sampling filter factor 8

10 Inclination angle of base station to mobile station 45 Degrees

© Eureka Journals 2018. All Rights Reserved.
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RESULT ANALYSIS OF CASE 1 SIMULATION

The first simulation case was carried out without
incorporating the proposed cochannel reduction
scheme into the system. At this point the results
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are presented and scoped out to graphically
illustrate the behaviour of the system operating
with six interfering signals transmitted alongside
with the actual signal. The result is as shown
below in figure 4.1.

SIMULATION
MODE

i

Dos

D

ol -

RIS SINR Degay
0208
TxErorRae =
lmufation
REZ F2l
HER Deplay

Figure 4.1.Result of Simulation case 1 showing S/I ratio and BER

The diagram shows the result of the simulation
when run without Sectoring using matlab. It can
be seen that the spectrum of all the interfering
signals occupy the same spectral portion of the
original signal. The effect of this is an increased
Bit Error rate (BER) of 4.62dB and a reduced
signal to interference ratio (S/1) of 3.53dB. The
constellations of the received signal buttress the
fact that the receiver is prone to make a lot of
decision errors. It is because the receiver selects,
as its estimate of what was actually transmitted,

that point on the constellation diagram which is
closest in a Euclidean sense to that of the
received symbol. Thus it will demodulate
incorrectly if the corruption has caused the
received symbol to move closer to another
constellation point than the one transmitted. The
constellation diagram visualizes the phenomena
similar to those an eye pattern does for one-

dimensional signal

The waveforms describing the system responses
is as shown below in figure 4.2 to figure 4.4

WeiPaused

noisy signal

REVa15 kHz Sample Rates® MHz

=« |

|

L T Ty W e

Tall. 143

Figure 4.2.Noise signal for case 1
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modulated signal - 0

Bused RIS iz SavpkRaieedMz  Tel 143

Figure 4.3.Modulated signal for case 1

i Received signal =l

Fle Took View Smulstion Help ]

Paused RVaNS Kz Sompln RalweBMHr  Tell143

Figure 4.4.Received signal for case 1

(& Received canstellation - o
File Tools View Samulaticn Help ¥

OrPe 2= @ a4 -0- 8

Paused bbb

Figure 4.5.Received constellation for case 1 simulation
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RESULT ANALYSIS OF SIMULATION CASE 2 model. The mathematical analysis shown in
section 3.5 is added to the model and it is

The second simulation case covers the simulation
when sectoring is incorporated in to the system

5 moduiated sgnal

,"J‘e Took Yiew Simulation Help

i Ly A )
BO &% p bt il ]

- o|EY|
1

*H, REVe15 14z Samp Rale=G MKz TeD.775

i.!-'a"

Figure 4.6.Simulation result of case 2 showing S/l ratio and BER

i-' noisy signal

|F|1r Tock View Simulation  Help

PRI R ML (e

A

S T—— e L

Figure 4.7.Noise signal for case 2 simulation

D= IS SIR Depay
c 3
L]
[TeSignal] “=——MTxEmorRse =
w{pCalculaton ™ =
by zl
BER Dpay
SMLLATION
MOLE

Figure 4.8.Modulated signal for simulation case 2
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activated when 2 is selected at simulation mode
block. The result is shown in figure 4.6
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File Tock View Simulation Help

90 Q) HEANLENE
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Ry REWel iz Semp Rabsel Wity Tel 775

Figure 4.9.Received signal of Simulation case 2 with sectoring

- Received constellation
-

File Took View Simulation Help

D0 SEe e Q-

Te@ 775

Ready
Figure 4.10.Received constellations for simulation case 2

RESULT ANALYSIS OF CASE 3 SIMULATION power of Transmitted signal. The result is also
graphically illustrated as shown in figure 4.11.

The simulation case 3 is the simulation carried
out with sectoring incorporated and increased

<l .
- Dwe AlE
>
¥
[TGignal] “s==MTxEmRae 0
s RClaiton —*
[ReSignal] = il
BER D=pay
SMLLATION
MODE

Figure 4.11.Simulation result case 3 showing S/l and BER
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Figure 4.12.Noise signal for simulation case 3
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Figure 4.13.Modulated signal for simulation case 3
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Figure 4.14.Received signal for simulation for case 3
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;4 Received constellation =

Fle Tools View
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@ Q-

Vol. 2, Issue 1 - 2018

B b

Recelved Constellation

Figure 4.15.Received constellations for case 3 simulation

The diagram in figure 4.6 to 4.10 shows the
simulation result when sectoring is applied. The
channels occupied by the interfering signals. A
sectoring scheme of 120 degrees was
implemented. The result of sectoring can be seen
in the increased signal to noise to interference
ratio and consequent reduced Bit Error Rate. The
constellations diagram shows a more organized

constellation plots.

Further reduction of co-channel interference can
be achieved by raising the power level of the
transmitted signal.

The power gain block is opened and the value of
the transmit power of the desired signal is
dynamically varied. This reveals that the bit error
reduced to zero when the power of the desired

signal is varied between 1dB-10dB and it suggest
that a better reception occurs at the transmit
power of 10dB. The plots below show the effect
of increasing the power of the transmitted signal.
The constellations diagram shows even much
more organized plots. It is easy to see that there
are 8 received constellations points which
corresponds to an 8-PSK signal.

DISCUSSIONS

At the end of the three simulation cases, major
differences are recorded when the three cases
are being compared. These differences are
measured in terms of the received constellations,
Bit Error Rate, and signal to interference ratio.
This briefly tabulated as shown below:

Table 2.Comparison of three simulation cases

Simulation case 1
(Without sectoring)

Simulation case2
(With sectoring)

Simulation case3
(With sectoring + increased power of
transmitted signal)

BER (bit error | [0.345 3507 | [0.09416 957 | [001.016*1074]
rate) 1.016*104] 1.016*10/4]
s/l 2.255 2.690 7.58

© Eureka Journals 2018. All Rights Reserved.
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Table 3.Transmit Power versus system performance without sectoring

Po (dB) | SIR (dB) | BER (dB) | No. of Bits Trans-Mitted In Error Total Bits Transmitt-Ed
1 3.53 -4.62 3507 1.016*10”°4
2 4.03 -5.13 3120 1.016*10”74
3 4.53 -5.81 2665 1.016*10”°4
4 5.03 -6.53 2261 1.016*10°4
5 5.53 -7.12 1975 1.016*10”74
6 6.03 -7.61 1762 1.016*10”°4
7 6.53 -8.10 1574 1.016*10°4
8 7.03 -8.84 1326 1.016*10”°4
9 7.53 -10.11 990 1.016*10°4
10 8.03 -12.30 599 1.016*107°4
11 8.53 -15.84 265 1.016*10”°4
12 9.03 -22.44 58 1.016*1074
13 9.53 -33.08 5 1.016*10”°4
14 10.03 0 0 1.016*10°4
Table 4.Transmit Power versus system performance with 120 degrees sectoring

Po(dB) | SIR (dB) | BER (dB) | No. of bits transmitted in error Total bits transmitted
1 4.30 -10.26 957 1.016*107M
2 4.80 -11.30 753 1.016*107M
3 5.30 -12.68 549 1.016*1074
4 5.80 -14.58 354 1.016*107M
5 6.30 -17.17 195 1.016*1074
6 6.80 -20.68 57 1.016*107M
7 7.30 -25.76 27 1.016*1074
8 7.80 -31.62 7 1.016*107M
9 8.30 -35.30 3 1.016*107M
10 8.80 0 0 1.016*1074
11 9.30 0 0 1.016*107M
12 9.80 0 0 1.016*1074
13 10.30 0 0 1.016*107M
14 10.80 0 0 1.016*1074

The results when compared shows that sectoring
helps reduces co-channel interference as it
reduces the bit error rate by almost 5.6dB (55%)
and increased signal-to-noise ratio by
0.77dB(21.8%). Furthermore, by dynamically
increasing the transmit power of the desired
from 1dB-10dB with sectoring yields a more
substantial Signal-to-interference ratio of about
4.5dB , zero bit error rate and power saving of
4dB.

© Eureka Journals 2018. All Rights Reserved.

CONCLUSION

This thesis employs 120 degrees sectoring to
reduce co-channel interference in wireless
cellular network. Only first tier is considered
owing to the fact that the interference from the
subsequent tiers is negligible. Similarly, only the
reverse link of a code division multiple access
(CDMA) system is considered and because of
sectoring, the number of interfering mobiles
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decreases with increase in the number of sectors.
The result is shown in terms of signal to
interference ratio (SIR), bit error rate (BER) and
the received signal constellation.

Simulation of the system is done in matlab and in
three cases namely, case 1, case 2 and case 3.
Case 1 shows the behaviours of the system
without sectoring. The result bit error rate and
signal-to- interference ratio of 4.62dB and 3.53dB
respectively. The scattered constellation of the
received signal implies that the receiver is prone
to make a lot of decision errors. Case 2 result
55% (5.6dB) and 21.8% (0.77dB)
improvement in the bit error rate (BER) and

shows

signal-to-interference ratio (SIR) respectively.
Case 3 shows the behavior of the system due to
the combined effect of dynamic increase
transmits power of the desired signal and 120
degrees sectoring. The bit error rate dropped to
zero with additional 4.5dB improvement in signal
to interference ratio. This suggests that this
research will be well suited in a cellular network
whose architecture employs dynamic transmit

power mechanism.
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