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ABSTRACT : In this work, cell sectoring is used to reduce cochannel 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.
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I. 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 than in rural areas.
The key characteristic of a cellular network is the ability to reuse frequencies to increase both coverage and
capacity.

In a cellular radio system, a land area to be supplied with radio service is divided into regular shaped
cells, which can be hexagonal, square, circular or some other irregular shapes, although hexagonal cells are
conventional. Each of these cells is assigned multiple frequencies which have corresponding radio base stations.
The group of frequencies can be reused in other cells, provided that the same frequencies are not reused in
adjacent neighboring cells as that would cause Co-channel interference. The increased capacity in a cellular
network, compared with a network with a single transmitter, comes from the fact that the same radio frequency
can be reused in a different area for a completely different transmission. If there is a single plain transmitter,
only one transmission can be used on any given frequency. Unfortunately, there is inevitably some level of
interference from the signal from the other cells which use the same frequency (Ahaneku and Chijindu, 2013).
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Figurel.l: 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 1.1 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.

Il. THEORITICAL BACKGROUND

The signal to interference ratio (SIR) determines the quality of service experienced by the base station
in reverse channel (mobile to base station) and by the mobile user in the forward channel (base station to
mobile) in a CDMA system. Cochannel interference is a limiting factor in a cellular mobile radio system.
Therefore, computing the signal to interference ratio is important for determining coverage, capacity, and
quality of service 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. Consistent with current CDMA designs, we assume that there are separate
frequency bands for the reverse link (mobile to base) and the forward link (base to mobile). In this thesis, the
assumption is that all transmitters, whether in bases or in mobiles, employ omni-directional antennas except for
sectoring scheme for cochannel interference reduction in which directional antenna is being employed. These
two assumptions imply that any mobile in the system experiences interference from all base stations, but does
not experience interference from other mobiles (forward link). Similarly, a given base station experiences
interference from all mobiles in the system, but not from other base stations (reverse link). In this thesis, the
reverse link is considered only. Although all co-channel cells interfere with each other, we will analyze only the
first tier since the interference from subsequent tiers is negligible when compared to the first and second tiers.
Using a hexagonal cell layout, the reference cell 0 and the adjacent first (labeled by a single letter) and second
tier (labeled by double letters) cells are shown in Figure 3.2

Figure 3.2: 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
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station. We can obtain the generalized expression for the signal to interference ratio (SIR) of the reverse link of
the CDMA system as follows:

-l I -l (3.1)
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Where Ey/N, is the signal energy per bit-to-noise ratio, Ny is the one-sided noise power spectral density,
E, = PoTy, is the average bit energy, Ty 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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where y=2/3N is the normalized variance of the multiuser interference (MUI) within the reference cell, Eis 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 users in 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.,

Ej = Ek: Eb-

Assuming a channel activity factor a(such as voice activity) and substituting into (3.2), we obtain:
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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:
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where Po is the average received signal power at 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:

i -1 i j 201' K. ij (3.6)
I tier =2 Jj=l 3N k=1 Pg

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

s/ 2
/I = ZN 47TP[;] (37)
1=14zp,2
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 3.3. The distance between an interfering mobile station and
the reference base station is

{ 2 2 (38)
d{},:'k =4 Xy T Vg

Figure 3.3: The coordinates of the reference base station and an interfering mobile station.

where (Xi,Yix) 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 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 derive
transmitted signal power of the interfering mobile station.

From Figure 3.3, we obtain the distance between each mobile station and its own base station as
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d, =~3R, i#1, 29)

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 3.4: Diagram to show the distances from the central base station and the interfering base station.

From Cosine rule
ID| = /P2 + D% — 2PD cos(8% — 67) (3.10)

Where,

P= distance between mobile station and central base station.

D= Distance between central base station and interfering base station

6; = Bearing of interfering base station with respect to central base station.

6,= 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

Pr = ooz (3.12)

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

_ _Po 6 Po
Pr =zt 2 (3.12)

The S/I ratio can be calculated as

Po
4np2

6 D0
Zl=14nDl.2

From sine rule and adjustment by & the bearing of the mobile station from the interfering station is given by

S/l = (3.13)

6, = 6; —sin™! [sini?ﬁﬁ%‘g") X Di] +m (3.14)

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

I11. METHODOLOGY

One of the most important techniques available to reduce the co-channel interference, and hence, increase the
capacity of a CDMA cellular system is sectoring. Sectoring is the replacement of the base station's single omni-
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directional antenna with several directional antennas. These are used in both for receiving and transmitting from
and to a certain sector of the cell as shown in Figure 3.4.

Figure 3.5: 120 sectoring with the first (gray shaded) and second tier co-channel cells.

This is a case of perfect directional antennas; there is a sharp separation between the sectors. Thus, the
cell is divided into D sectors. Sectoring into D sectors produces opening angles of 360°/D. Because of perfect
sectoring, the number of interfering mobiles decreases with the increase in the number of sectors. As explained
previously in this chapter, since we assume that each cell consists of 7 "small hexagons™ and each user is at the
center of one of these small hexagons, the users are evenly distributed among the cells. Thus, the number of
users in each sector is the total number of users divided by number of sectors. Therefore, the power interference
ratio between one sector to the whole cell is the ratio of number of users in that sector to the total number of
users in the cell.

During sectoring, a sectoring antenna has the directional field pattern given as

E = Eocoszg (3.15)
Where 0 is the azimuth angle.
The power therefore received at a distance D is given by

48
_ pocos™y

4nD?

(3.16)

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

48
__Dbocos™y

b == (3.17)

Power received from interfering station.

Table 3.1: 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(el)
9,
30° 4 (71)
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4nD?
0

60 pocos* _(467r )

4nD?

[Tvype the company address]| Page 209




American Journal of Engineering 2018

90° 4 (7m)
Pocos 5~
4nD}?
120° 51T
pocos* 6m 3 )
4mD}?
150° 4 (11m)
boCOS T
4nD}?
180° pocos '
4nD}?

The total power from Interfering Stations

1
= ol 21'6=1 POCOS4(ei+n) (3.18)
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The S/l ratio can be calculated thus as
P0c054@
2
S/l= I 42 (3.19)
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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.

6, = Bearing of interfering base station with respect to central base station.

6,= 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 (3.19) above

Where the angle 6,; = 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.

Figure 3.7: 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 demodulates the
received signal. The fully modeled system is shown in figure 3.6 above.
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IV. SIMULATIONS, NUMERICAL RESULTS AND DISCUSSIONS

Table 3.2 Data collected

SINO PARAMETERS VALUES
1. Distance between | 4m
mobile station central
base station, P

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

3. Beam width, BW 200e3

4. Signal power of the | 1.0dB

actual signal, Py

5. Signal band width, B 2MHz

6. Signal type PSK

7. Signal sampling time le-6s

8. Signal bit rate 1e6/s

9. Up-sampling filter | 8
factor

10 Inclination angle of | 45 Degrees
base station to mobile
station

4.1.1 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 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.
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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

[Tvype the company address]| Page 211




2018

a noisy signal - olEN|
File Tools View Simulation Help

T . x =
fe @ &< & KA (2 O [ B (] |

.'V\“W.\M

AN A e st At A, A e i

| o
;;Pausm RB\(-I‘\H‘ QampleRae 8 MHz T-O 143 |
gt el e bz ]
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Figure 4.4: Received signal for case 1
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Figure 4.5: Received constellation for case 1 simulation

4.1.2 Result analysis of Simulation Case 2

The second simulation case covers the simulation when sectoring is incorporated in to the system model. The
mathematical analysis shown in section 3.5 is added to the model and it is activated when 2 is selected at
simulation mode block. The result is shown in figure 4.6

=

- r—l| %
e | 3
Dwde L 'H SINR Cepry

o)
— - o i |
)

— sl =
RSl 4

SMLLATON

NODE

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

‘“ noisy signal -0

File Tools View Simulation Help ¥

Iy

— —— - -
PRCARCRE S T AP 780 AN

DPp® 2®

b (a0 WO 2

P AR AN b S 3 oy s A

Figure 4.7: Noise signal for case 2 simulation.
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Figure 4.8 Modulated signal for simulation case 2.
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Figure 4.9 Received signal of Simulation case 2 with sectoring.
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Figure 4.10 Received constellations for simulation case 2
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4.1.3 Result analysis of case 3 simulation

The simulation case 3 is the simulation carried out with sectoring incorporated and increased power of
Transmitted signal. The result is also graphically illustrated as shown in figure 4.11.
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Figure 4.11 Simulation result case 3 showing S/I 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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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.

V. 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:
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Table 4.1 comparison of three simulation cases

2018

Simulation case | Simulation Simulation case3
1 case2 (With sectoring +
(Without (With sectoring) increased power of
sectoring) transmitted signal)

BER | [0.345 3507 | [0.09416 957 | [001.016*10"4]

(bit 1.016*10M] 1.016*10M]

error

rate)

S/ 2.255 2.690 7.58

Table 4.2 Transmit Power versus system performance without sectoring

Po SIR BER NO. OF | TOTAL BITS
(dB) | @B) | (dB) BITS TRANSMITT-ED
TRANS-
MITTED IN
ERROR
1 353 | -4.62 3507 1.016%10"4
2 403 | -5.13 3120 1.016*10"4
3 453 | -5.81 2665 1.016%10"4
4 503 | 6.53 2261 1.016*10"4
5 553 | -7.12 1975 1.016%10"4
6 603 | -7.61 1762 1.016%10"4
7 653 | -8.10 1574 1.016*10"4
8 703 | -8.84 1326 1.016%10"4
9 753 | -10.11 990 1.016*10"4
10 8.03 | -12.30 599 1.016%10"4
11 853 | -15.84 265 1.016*10"4
12 903 | -22.44 58 1.016*10"4
13 953 | -33.08 5 1.016%10"4
14 1003 | 0 0 1.016*10"4

Table 4.3 Transmit Power versus system performance with 120 degrees sectoring

Po SIR BER NO. OF | TOTAL
(dB) (dB) (dB) BITS BITS
TRANSMI | TRANSMIT
TTED IN | TED
ERROR
1 4.30 -10.26 957 1.016%10"4
2 4.80 -11.30 753 1.016*10"4
3 530 -12.68 549 1.016%10"4
4 5.80 -14.58 354 1.016*10"4
5 6.30 1717 195 1.016*10°4
6 6.80 2068 57 1.016%10"4
7 7.30 2576 27 1.016*10"4
8 7.80 3162 7 1.016*10"4
9 8.30 -35.30 3 1.016*10"4
10 8.80 0 0 1.016*10"4
11 9.30 0 0 1.016*10"4
12 9.80 0 0 1.016*10°4
13 10.30 0 0 1.016*10"4
14 10.80 0 0 1.016*10°4

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.

Page 217
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V1. 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 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 shows 55% (5.6dB) and 21.8% (0.77dB) improvement in
the bit error rate (BER) and 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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