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Abstract

The regular introduction of diverse smartphones and mobile internet is also triggering a strong daily traffic
growth in telecom system networks. Due to this, the network service providers are in service of cost effective
means manage the rising traffic capacity. Cell sectorisation, which is a distinctive technique that explores
directional antennas to splits large macrocells to a smaller cells (sectors), is receiving a significant attention as a
cost-resourceful means of boosting up cellular network quality and capacity.In this work, we employ analytical
models in the frameworkof orthogonal frequency division multiplexing (OFDM) to computationally evaluate
andquantity the performance of higher order sectorisation (HOS) with 6-sectors and 12-sectors over the standard
3-sectored cellular network deployment pattern. The approach provides an effective meansto study OFDM
systems in terms of signal quality, antenna gain and user Erlangcapacity. The obtained resultsindicate higher
signal quality, antenna gain and user Erlang capacity performances.The employed approach can serve as a fast
and effective method to conduct cellular network performance analysisduring radio network design and
management.
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INTRODUCTION enhanced system capacity performance, but the
Ever since the first digitized wireless cellular computational complexity and high deployment cost
communication system technology was successfully are  major problems with smart antenna
introduced in the 80’s, the consumers' connectivity implementation.
and subscription demands to its multimedia services
has been on the daily increase. The estimate shows Techniques to manage power and cell sectorisation
that the user capacity demands will surge by 1,000 for Multi-antenna systems using triangle-shaped
times beyond 2020, and as a result, all the operators frequency reuse and diamond-shaped frequency reuse
of these cellular communication system networks are is shown in [6]. Their results revealed that the
expected to focus their attention on how to cater diamond-shaped frequency reuse was a preferred
foruser capacity demands in terms of good service technique.
quality [1]. The antenna, which is a key resourceful
component of the cellularsystem networks, also need The impact of Frequency Reuse, Higher Order
a number of innovativetechniques to maximize its Sectorization and  User  Classification  on
usage as means of enhancing the overall wireless OFDMAOrthogonal Frequency Division Multiple
network performance [2][3]. Once of such techniques Access (OFDMA) Networks performance using
is higher order antenna sectoring, or simply antenna  system level simulation and analytical-based
sectorisation. evaluation approaches is presented in [7]. It was
found form their results that the two employed
There exist some works on higher order antenna approaches showed similar results in terms mean
sectoring analysis in literature [e.g. (4-14)].For outage probability and site throughput performance.
example, in [4], a comparative performance study of Similar Higher Order Sectorisation quantification
vertical and horizontal higher-order sectorisation on analysis approach is also presented in [8], but using
cell capacity and spectral efficiency in urban GSM networks
macrocellular terrain is presented Helsinki City as
case study. A 96.7% spectral efficiency gain was In this paper, impact of higher order sectoring on
recorded by the authors. Orthogonal ~ Frequency  Division  Multiplexing
(OFDM) system performance is investigated in
The authors in [5] concentrated on carrying out a detail. Unlike previous works, we considered a
comparative study between sectored antennas and number of key performance indicators such as signal
smart antennas on system capacity. Though their quality, antenna gain, directivity and Erlang capacity
results claimed that smart antennas attained more for the analysis. Erlang capacity is a key performance
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indicator during capacity planning and it relates the
amount of traffic load that can be supported in an
active cell while offering desirable service to the
users.

MATERIALS AND METHODS

System Model

OFDM is a multiple access system technique like the
OFDMM which provide users closely spaced sub-
carriers (resource blocks) for robust real-time data
transmission and communication in the forward link
and reverse link. OFDM forms the standard
communication structure used within 4G cellular
broadband systems such as LTE and WiMAX.Within
the OFDM structure as shown in figure 1, each user
is apportioned anamount of resource blocks in the
time/frequency grid. In this setting, the more data and
pilot sub-carriers a user secures, the higher the bit-
rate and modulation used in the resource elements.
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Figure 1: LTE OFDM  Sub-carriers in

time/frequency grid

In this work, we consider an interference limited
forward link OFDM system wherein the base station
(BS) relates to users within the serving cell. Letr and
d represent the radius of the serving cell (0) and
distance to other interfering cells (A, B, C, D, E, F),
respectively as shown in figure 2 (a). The forward
link signal to interference ratio (SIR) on each
subcarrier is dependent upon the location of the
mobile user in the serving cell, and channel fading,
and as well as the interference from neighboring
interfering cells. Assuming that the transmit power
with which each BS transmit to usersin each cell is
constant, the received SIR at the users’ equipment
terminals can be expressed by:

S S r

ST

Assuming all the interfering base stations are of same
distance from the desire BS, we have

1)
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where i, nand N indicate the co-channel

interference, signal attenuation constant and cell
cluster size, respectively.

One key method to reduce interference and
increase user capacity in cellular networks is by
using directional antennas to divide an existing
hexagonal cell into two or more pie-shaped
pieces, called sectors (see figure 2(b).This
process of using directional antennas todivide
an existing hexagonal cell for performance
enhancementis known as higher order
sectorisation.

The user capacity, Ncof the sectored cell can be
estimated by follows [8][15]:

N = KN, SgpecB:Ly )
° Re"
Sspec, B, K, NSeC, RtﬁL and Lf indicate the system

spectral efficiency in (bits\s\Hz), channel bandwidth

in (Hz), the subscribe factor, cell sector number,

target downlink data R in Mbits/s andthebusy hour

loading factor.

The Erlang capacity, Mg, can be obtained from

equation (4) using:

Men= Nc x Ac

=Nc*[A«(1-B)] (%)

where Ac and A, ;ndicate the carried traffic and

offered traffic respectively. B = 0.2 expresses the

busy hour data traffic per user.

Directivity and Gain of an Antenna

The directivity, D is a specific term used in

quantifying the radiation focusing proficiency of an

antenna. The directive gain of a typical antenna can

be defined as:

co.9) ~ROA_ 4RO
Rn  [[RO.$)d

Where R(6,¢)and R, indicate radiation intensity
and the mean radiation intensity value over a
477 solid angle. Accordingly, this results to:


https://www.sciencedirect.com/topics/engineering/subcarrier
https://www.sciencedirect.com/topics/engineering/subcarrier
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The directivity, D is related to the maximum
radiation intensity value by:

D = Max(G(6.¢)) ©)

R max 47R max
= = (10)
Ry H R(6,#)dQ
2

D= 47E “ max 1)
[ [IE(6.0)" sincdadg
0=0 6=0

If E® max normalized to a unity value, we have

3-Sectors

p-— (12)
[ [IE.(0.0) sinadadg
0=06=0
For large sectored antenna, we have
G=D = 31000 _ 31200 (13)
Q QHPBW ¢HPBW
In dB, we have:
G(dB) = 10LoglO[&J (14)
gHPBW ¢HPBW

where
O, ey and @ypg,, indicate the respective vertical

half power beam width and horizontal half power
beam width radiation pattern of a typical directional
antenna. See the illustration in as in figure 3.

Figure 2 (a) Serving cell and interfering cells
cell configurations

Vertical Beamwidth

Horizontal Beamwidth

Figure 3: Antenna Gain with Vertical and Horizontal
Beamwidth

Empirical Evaluation
In this section, we present how the adopted OFDMA
system model is evaluated. We assume the cellular

6-Sectors

(b) Cell sectoring: Ilustration of 3-sectors and 6-

system utilizes co-channel reuse element, such that
d

the co-channel reuse ratio, Q = — =+~/3N , where
r

N indicates the cell cluster sizes. First, the system is
evaluated to calculate SIR and Erlang capacity using
different cell cluster sizes (N=2, 3, 4,5, 6,7, 8,9 and
10) and co-channel interferers (1=2, 4, 6, 8, 10, 12,
and 14) under3-sector, 6-sector and 12-sector
antennas configuration with different user data rates
of 128, 252, 512 and 1000kbps. Second, the impact
of 3-sector, 6-sector and 12-sector configuration on
the system performance antenna gain and directivity
indicatorsare piloted using 65° 33°, 17° and 11.5°,
8.5°, 8.5° wvertical beamwidth and horizontal
beamwidth, respectively.

All the computations and graphical results are
analyzed using MATLAB 2018a platform. The
various parameters used for the evaluation are
contained in table 1.
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Table 1: OFMDA System Calculation Parameters
under 3, 6 and sectors antenna configuration

Name of Parameter Parameter Value

subscribe factor, K 5

No. of sectors 3, 6, 12 sectors

Vertical Beamwidth, ¢HPBW 1157, 857,857 (3/6/12

Sec)
Horizontal Beamwidt, 9HPBW Sesc.’) 337 17 @fe12
LTE spectral efficiency 0.5 b/Hz/s
Channel bandwidth, B 10*10"6 Hz
Bussing hour loading factor, Lf 0.7
LTE downlink data rate, Rth 128, 252, 512 and
1000kbps

Data traffic per user 0.2 Erlang per user

RESULTS AND DISCUSSION
Before looking at system user capacity performance
in this subsection, we start by examining the impacts
of higher order sectorisation on SIR, antenna gain,
and directivity as shown in figures 4 to 3, and tables 2
to 3. As expected, figure 4 and table 2 reveal the
improvement in signal quality (i.e., SIR values)
achieved as the cell sector sizes increases from the
standard 3 sectored antenna to 6-sectors andl12-
sectors antennas. SIR values improves due to
proportionate horizontal and vertical beamwidth
reductions as sectored antenna sizes increases. This
also implies that the narrower the antenna
beamwidths, the healthier the radiation quality, thus
leading to improvement in the strength of radio
signals over interference.
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Figure 4: Signal-to-interference ratio (SIR) dB for 3
sectors to 12 sectors

Table 2: Signal-to-interference ratio (SIR) dB for 3
sectors to 12 sectors
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Figure 3: Directivity and Antenna gain performance
with 3, 6, and 12 sectors

Table 3: Directivity and Antenna gain performance
with 3, 6, and 12 sectors

Number Antenna
of Horizontal Vertical gain(dB Directivity
sectors Beamwidth | Beamwidth ) (dB)
3 11.5 65 16.177 24.88
6 8.5 33 20.43 31.43
12 8.5 11 25.20 38.77

Cell cluster 3-sectors 6-sectors 12-sectors
2 10.10155 13.11185 16.12215
3 13.06869 16.07899 19.08929
4 15.1739 18.1842 21.1945
5 16.80684 19.81714 22.82744
6 18.14104 21.15134 24.16164
7 19.2691 22.2794 25.2897
8 20.24626 23.25656 26.26686
9 21.10818 24.11848 27.12878
10 21.87919 24.88949 27.89979
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Also figure 5 and table 3 reveal the improvement that
can be attained in terms of antenna gain and
directivity as the cell sector sizes increases from the
standard 3-sectored antenna to 12. SIR values
improves due to proportionate horizontal and vertical
beamwidth reductions as sectored antenna sizes
increases. The directivity and antenna gain are both
measure of how antenna is able to radiate and focus
it’s concentration in a particular direction. The higher
directivity and antenna gain values attained and
displayed in figure 3 and table 3 point out that the
beam concentration intensity of directional improves
as the cell sectoring rises.

Figures 6 to 9 and table 4 are associated to Erlang
capacityunder different user traffic data rates and
sector sizes as a function of co-channel interferers.
The results shows that 120 degree sector order yields
higher capacity as compared to 3-sector and 6-sector
orders. As a consequence, the Erlang capacity
decreases with corresponding increase in thesector
antenna order.Also, as expected, lower co-channel
interferers and higher order sector number vyield
better capacity and verse versa.
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Figure 6: Erlang capacity variation with co-channel
interferers for R=128bps

Data Rate, R=512 Kbps
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Figure 7: Erlang capacity variation with co-channel
interferers for R=256bps
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Figure 8: Erlang capacity variation with co-channel
interferers for R=512bps

Figure 9: Erlang capacity variation with co-channel
interferers for R=1000bps

Table 4: Capacity at different Data rates for 3 sectors to 12 sectors

3-sectors
Co-channel interferers R=128Kbps R=258Kbps R=512Kbps R=1000Kbps
2 41.0156 20.5078 10.2539 5.25
4 20.5078 10.2539 5.12695 2.625
6 13.6719 6.83594 3.41797 1.75
8 10.2539 5.12695 2.56348 1.3125
10 8.20313 4.10156 2.05078 1.05
12 6.83594 3.41797 1.70898 0.875
14 5.85938 2.92969 1.46484 0.75
6-sectors
2 82.0313 41.0156 20.5078 10.5
4 41.0156 20.5078 10.2539 5.25
6 27.3438 13.6719 6.83594 35
8 20.5078 10.2539 5.12695 2.625
10 16.4063 8.20313 4.10156 2.1
12 13.6719 6.83594 3.41797 1.75
14 11.7188 5.85938 2.92969 15
12-sectprs
2 164.063 82.0313 41.0156 21
4 82.0313 41.0156 20.5078 10.5
6 54.6875 27.3438 13.6719 7
8 41.0156 20.5078 10.2539 5.25
10 32.8125 16.4063 8.20313 4.2
12 27.3438 13.6719 6.83594 35
14 23.4375 11.7188 5.85938 3
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CONCLUSION

The cellular network infrastructure is composed of
basic cellular units called the cells. Earlier, cellular
system networks were planned in a manner wherein a
high power base station transmitter is structured and
deployed to serve a large service area. But, owing to
continuous increase in the number of both fixed and
mobile subscribers, and well as their multifarious
service demands, the earlier system design pattern
resulted in high interference, thus leading to poor and
limited frequency spectrum allocation in a large
coverage area. This limitation resulted to the
introduction of the cellular concept. Today, every
deployed cellular communication systems has its own
planned geographical area, which is further divided
into number of hexagonal units (theoretically) called
as cells. A cell expresses the standard geographical
component of a typical radio system network service
area where a base station transmitter is able to
effectively communication with the receiver at a
certain distance. Thus, base station transmitters
should be deployed to provide desired coverage area
within the cell.

Cell sectorisation is a distinctive technique for
increasing the service quality and system capacity in
wireless cellular networks by spatial reuse of radio
resources. However, the current cellular networks
deployment structure built on three sectors directional
antenna configuration is challenged by the tense
continuous increase in subscribers demand for
diverse multimedia mobile and internet services like
high definition mobile online gaming, online mobile
chatting and weighty live video streaming. In this
work, an empirical and computational modelling
technique has been employed to study impact of
higher order sectorisation with 6-sectors and 12-
sectors on signal quality and user traffic capacity are
studied extensively and reported through empirical
evaluation and analysis. The obtained results proved
the validity of the employed approach.
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