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Abstract. Demand for enhanced mobile broadband has been significantly
increasing due to increasing penetration of data-intensive mobile services. For
accommodating this demand, various network capacity enhancing technologies
including cell densification and applying more frequency bands have been inves-
tigated and incorporated in the fourth generation (4G) and fifth generation (5G)
mobile technologies. Network densification can be performed by either deploying
new small cells or further sectoring horizontally and vertically existing network
sites. Performance benefits of vertical sectorization have been investigated but
mostly for theoretical network environment and user demand distribution that sig-
nificantly affect the benefits. In this paper, we present performance analysis for
vertical sectorization under realistic network environment and user distribution for
selected urban area of Addis Ababa, Ethiopia. The analysis is performed for sub-
6-GHz bands including those identified for 5G. Network simulation is performed
using MATLAB while network modeling and assumptions are developed based on
data collected for target area of Addis Ababa from network management system
of the Addis Ababa network. Propagation is computed using deterministic 3D ray
tracing method based on building map for the target area. Performance results
show that considerable performance benefits are achieved by applying vertical
sectorization for both cell edge and cell center users. For instance, we observe that
3 x 2 configuration presents 236.6%, 504% and 821.5% user throughput gains
compared to 3 x 1 configuration at 10%-ile, 50%-ile and 90%-ile.
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1 Introduction

Demand for enhanced mobile broadband has been increasing and is predicted to increase
significantly [1, 2]. According to ITU [2], mobile traffic will grow at an annual rate of
around 55% in 2020-2030 and global mobile traffic per month is estimated to reach to
607 EB in 2025 and 5016 EB in 2030. The traffic growth is not only because of rise of
subscriptions for mobile services but also grow in traffic volume consumed per user. The
monthly average consumed traffic per user is predicted to be 39.4 GB and 257 GB in 2025
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and 2030, respectively [2]. Likewise, mobile traffic growth has also been observed in
rising market like Ethiopia as a result of growth of mobile internet penetration and other
multimedia service usage, particularly in the major cities like Addis Ababa, Ethiopia [3,
4].

Various capacity enhancing technological advancements are introduced aiming to
support these continuous increasing mobile data demands [5]. The low, mid and high
frequency bands have been exploited in addition to technological innovations to support
the rising data demands [6—9]. Mobile network operators need to fulfill the data demand
by upgrading their network via with these new technologies and frequency bands. Among
the innovated technologies, network densification enhances system capacity by reusing
frequency spectrum and limiting the coverage area [10]. Densification can be either
macro with vertical sectorization or small cell densification. Small cell densification
requires additional sites and associated network elements. Macro densification with
vertical sectorization does not require additional sites; it requires antenna capability that
splits the cells in to inner and outer cells (see Fig. 1). This reduces cost of sites and
associated network elements.

However before deploying and using these enhanced mobile broadband their
performance impacts in realistic network environment need to be investigated more.

Downtilt of outer beam

Fig. 1. Sector layout of vertical sectorization system [10].

A number of research works have been published regarding on vertical sectorization
(VS). Early works mainly focus on study capacity impact of this technology for vary-
ing antenna configuration under synthetic simulation environments: propagation model,
network layout, antenna pattern and demand nodes are simplified 3GPP cases [10-14].
The results showed promising gains can be obtained from this technique even if splitting
the cell can introduce worse performance for cell edge users. Later optimization works
which optimize network parameters with respect to antenna tilt angle, half power beam
width and transmitted power of the method using different optimization techniques are
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conducted [15-19]. These later works also conducted simulation under synthetic envi-
ronments. There are also some field trial experimental works that study and characterize
the actual performance of vertical sectorization [20, 21]. Synthetic environment for
simulation cases results in neglecting the influence of realistic network environments.
However, there are very few works investigate the performance impact of this technology
in realistic network environment [22-24] and work with the new operating frequency
bands defined by 3GPP specification group [24].

The authors in [14] analyze the performance of different elevation beamforming
scenarios: vertical sectorization with same carrier frequency, vertical sectorization with
different carrier frequency based on CA and user-specific elevation beamforming. How-
ever, the paper conducted the research under legacy 2 GHz frequency band. Moreover, it
works on the 3GPP simulation environments. Reference in [22] analyzed and compared
performance impact of VS with super cell deployment and higher order horizontal sec-
torization in a real-world suburban environment. Reference in [23] examine performance
impact of VS for various vertical HBPW and electrical tilt angles to observe the opti-
mization space between two vertical sectors and the gain in terms of CDF of SINR and
cell capacity. However, both references [22] and [23] do not consider the new operating
bands. The author in [24] compare the performance of a cellular network using higher
order sectorization in a horizontal domain, vertical sectorization, and super cell config-
uration under 28 GHz frequency as the operation band. However, it does not consider
the sub 6 GHz frequency band. Moreover, it doesn’t work on various combination of
different inner and outer cell configuration. For best benefits of the technologies, their
performances impact need to be investigated more under realistic network environments.

This research work addresses the aforementioned gaps stated above. Particularly,
it investigates the performance impact of macro densification via vertical sectorization
with the new operating subs-6 GHz frequency bands. These frequency bands are rec-
ommended to be used by both 4G and 5G network in addition to millimeter waves.
Simulation is performed for various deployment scenarios focused to Addis Ababa use
case. Realistic network environments imply: network topology of real building and ter-
rain maps of Addis Ababa, Propagation is computed using deterministic 3D ray tracing
and user distribution or demand nodes are located based on real network traffics collected
from Ethio telecom.

The rest of paper is organized as follows: the next section presents system model
and deployment scenarios. Studied scenarios, description of demand node distributions
and parameters and assumptions used in simulation are described in Sect. 3. Section 4
provides simulation results and discussion. Finally, concluding discussions and potential
research directions are given in Sect. 5.

2 System Model and Deployment Scenarios

2.1 System Model

This research work considers a downlink LTE mobile network with 18 numbers of macro
sites in selected studied area as shown in Fig. 2. The notation ¢!, is used to refer macro
LTE site having 3 sectors; each sector is identified by sector index i and m is used to
show whether VS is applied or not at the iy, macro sector. For LTE macro sector, the
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value of m will be zero, but if VS is applied, m takes the value 1 and 2 to differentiate
the inner and the outer sectors [25].
Without vertical sectorization, SINR of a user located at u is given by [25],

u, cg
SINR = P Oi) 1)
iz P(u.ch) +N
Where, p(u, cé) is the received power of a user from serving sector cj.
And the throughput (7P) performance, using Shannon formula is given by [26],
TP = BW,NprsBrrg log, [ 1 + SINR )
= ~ 0
eff NPRBDPRB 108) SINR

When VS is applied, SINR of a user located at u is given by,
v4
5 12' (w.ci) - , when user is associated with outer sector
SINK' = § "ty 3)
5 e , when user is associated with inner sector
i#z(zrzn=1p(u,c§n))+N

Where, p(u, c?) and p(u, cg) are received signal powers of the user located at # from
outer and inner sectors respectively.
And, the TP performance is given by,

“4)

, SINR'
TP ZBWeﬂNPRBBPRB 10g2 14+

SINR

Where, Npgrp is the number of Physical Resource Block (PRBs), Bpgp is the band-
width per PRB, By is the adjusted bandwidth to fit with LTE system bandwidth
efficiency and SINRcgy is the adjusted SINR implementation efficiency.

The TP performance gain is then given by,

_TP'—TP 5)
T="7p
Antenna Models: In this paper, Huawei antenna patterns of the following models
are used. For the existing 3 x 1 macro cells ADU451819 is used. In addition, AMAN
software is used to create the required vertical and horizontal antenna pattern.

2.2 Deployment Scenarios

The analysis of vertical sectorization is performed for subs 6-GHz operating frequency
bands specified by 3GPP specification groups and a down link LTE mobile network. The
studied area is located in Addis Ababa Ethiopia that illustrates an urban scenario. The
area is found around bole and covers an area of 2.82 km x 1.94 km. It has buildings
of heights up to 80 m, terrain with different topography and latitude and longitudes of
38.745976 and 9.017116 respectively. The area consists of 18 macro cells; each site has
3 sectors in the existing Addis Ababa LTE network. The location of macro sites are
shown below (see Fig. 2).
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Fig. 2. Performance studied area.

3 User Distribution, Studied Scenarios and Simulation Setup

3.1 User Distribution
Demand nodes or user locations are one of the important parameters that has an impact
on the performance of mobile network. Hence in this work, demand nodes are located

using the real pick hour data collected from Ethio telecom
To locate demand nodes, we did the following procedures. First, the studied area is

divided in to several pixels. This is because the data are recorded pixel wise. The divided
area has 10 rows and 14 columns. Then, for each pixel, we obtained the corresponding
traffic density (g) and number of nodes (N). The traffic density is obtained dividing the

collected traffic data of each pixel by the area of each pixel (a)
The number of demand nodes of each pixel is calculated as follows [27]

a * gm,n ©)

Where, a is the area of each pixel, gm n is the traffic density of each pixel and r is the
individual data requirement which is assume equal for all and less than the minimum
traffic density. The Generated user distribution is shown in Fig. 3 below.
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Fig. 3. Generated user demand nodes based on the above model.

3.2 Studied Scenarios and Simulation Parameters

Different scenarios are considered in this research work and they can be grouped in
to two parts. The first group comprises scenarios 1 up to 4; both sectors use the same
operating band. That means both inner and outer sectors configured with the same carrier
frequency. The second group comprises scenarios 5 up to 7, different carrier frequencies
are assigned to the inner and the outer sectors. Sectors configurations and simulation
parameters and assumptions are shown in Table 1 and 2 below.

Table 1. Inner and outer sectors assigned frequency band.

Scenarios Inner sector (MHz) Outer sector (MHz) Bandwidth (MHz)
Scenario 1 1800 1800 20

Scenario 2 2600 2600 80

Scenario 3 3600 3600 100

Scenario 4 5000 5000 100

Scenario 5 1800/2600 2600/1800 20/20

Scenario 6 1800/3600 3600/1800 (20/100)/20
Scenario 7 1800/5000 5000/1800 20/20
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Table 2. Simulation parameters and assumptions.

Parameters Values/Assumptions
Downlink transmit power |46 dBm
Frequency reuse factor 1

Base station height 40 m

Horizontal HPBW 64°

UE height 1.5m

UE number in service area | 1037

Simulation area 2.82 x 1.94 km?
Receive antenna gain 0 dBi

BW,4 0.5

SINR4 0.85

Thermal floor —174 dBm/Hz
Noise figure 9dB

Traffic distribution Non-Uniform
Cell association RSRP

Traffic model Full buffer

4 Results and Discussions

This section presented performance of VS for LTE downlink mobile network with the
new operating frequency bands defined by 3GPP group. Simulations are carried out to
observe CDF of UE SINR and throughput performance of VS for different inner and
outer band configuration stated in Sect. 3.2. All simulations are performed as follows:
For each snapshot

Pathloss of each user is calculated using proman

Users are associated with their respective serving cell based on their signal level
Assuming full load system, all available resource blocks are scheduled. Number of
resource blocks for each user in a cell is the same.

Calculate the down link SINR and throughput using Eq. (1), (2), (3) and (4) for all
users.

Repeat this a number of times (400 times our case) and collect the statics.

Figure 4, 5 and 6 are plotted to see performance of UE SINR for network configu-
ration categorized under group 1 and 2 which are listed in Table 1. What Fig. 4 makes
different from Fig. 5 and 6 is that, the former use the same operating bands, whereas the
latter uses different operating bands for inner and outer sectors. Figure 5 is plotted for
the case which all the outer sectors use the legacy 1800 MHz bands and inner sectors
are configured with the new frequency bands mentioned in Sect. 3.2. On the other hand,
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Fig. 6 is plotted for the same inner carrier frequency 1800 MHz and different outer car-
rier frequency. For comparisons purpose the existing macro only (MO) 3 x 1 networks
is used as a reference configuration.

As it can be seen in Fig. 4, applying vertical sectorization degrades CDF of UE
SINR in all cases. This is because as a new cell incorporated, additional co-channel
interferences also introduced. It can also be observed as the operating bands become
higher CDF of UE SINR degrades more besides the more bandwidth we obtained.
Among the studied cases, scenario 1 out performs the other studied configurations. But,
as we move the lower operating bands, we get lower bandwidth as indicated in Table 1.
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Fig. 4. CDF of UE SINR of the same inner and outer sectors bands configurations.
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Fig. 5. CDF of UE SINR of the same outer sectors bands configurations.

Figure 5 and 6 are plotted to observe performance impact of configuring sectors with
different operating frequency bands. As it can be seen in both figures such configuration
has a better performance compared with sectors with same operating band. In Fig. 6,
performance of the existing 3 x 1 configuration and group 2 cases are compared with
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respect to CDF of UE SINR under equal band width. As it can be observed from the
figure, all configuration out performs the existing 3 x 1 MO configuration at 10%-ile,
50%-ile and 90%-ile of UE SINR (see Fig. 6).
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Fig. 6. CDF of UE SINR of the same inner sectors bands configurations.

Figure 7 is plotted to compare UE SINR of the existing MO network, VS
1800/1800 MHz and VS 1800/3600 MHz. Their UE SINR at 10%-ile: —3.44 dB, —
5.04 dB and —2.76 dB, at 50%-ile: 1.46 dB, 0.51 dB and 3.24 dB and at 90%-ile:
10.12 dB, 8.96 dB and 11.99 dB respectively. The values show that scenario 6 out
performs the other configuration at all percentile.
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Fig. 7. Comparison of CDF of UE-SINR at 10%-ile, 50%-ile and 90%-ile.

Figure 8 and 9 show performance of UE throughputs which are plotted with antenna
configuration listed under Table 1. The results are compared with the existing 3 x 1 net-
work. As it can be observed in the figure, the entire identified configuration outperforms
the existing 3 x 1 macro configuration. Specifically, scenario 6 significantly improves
the performance of UE throughput in all percentiles.
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Fig. 8. CDF of UE throughput.

At 10%-ile UE throughput of the existing 3 x 1 configuration is about 0.273 Mbps
where as scenario 6 with the same bandwidth is about 0.296 Mbps and scenario 6 with
different band width is about 0.478 Mbps. At 50%-ile UE throughput of the existing
3 x 1 configuration is about 0.75 Mbps where as scenario 6 with the same bandwidth
is about 1.06 Mbps and scenario 6 with different bandwidth is about 1.76 Mbps. At
90%-ile UE throughput of the existing network is about 2.23 Mbps whereas scenario 6
with same band width is about 3.96 Mbps and scenario 6 with the different bandwidth
is about 6.83 Mbps (see Fig. 8 and 9).
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Fig. 9. Comparison of CDF of UE throughput at 10%-ile, 50%-ile and 90%-ile.

UE throughput gain at 10%-ile, 50%-ile and 90%-ile, for 3 x 2 1800/3600 MHz
and 3 x 2, 1800/36005x MHz cases are compared to the existing 3 x 1 macro only
configuration as depicted in Fig. 10. For equal bandwidth case, a relative gain of about
75.1%, 134.6% and 206.3 at 10%-ile, 50%-ile and 90%-ile respectively are obtained. For
the case of 1800/36005x a gain of 236.6%, 504% and 821.5.7% at 10%-ile, 50%-ile and
90%-ile respectively are obtained compared with the existing macro only configuration
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(see Fig. 10). Therefore, applying vertical sectorization with different operating bands
significantly improves both CDF of UE SINR and throughput at all percentile.
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Fig. 10. UE-throughput percentile gain.

5 Conclusion

In this paper, we have analyzed performance impact of vertical sectorization in realistic
network environment of Addis Ababa city for sub-6-GHz bands including the new
5G bands defined by 3GPP specification groups. CDF of UE SINR and throughput
performances are used as a performance metrics. After analyzing the studied scenarios,
throughput performance of the selected scenario is compared with the existing 3 X
1 LTE network. Based on the results, configuring VS with different operating bands
results in a better performance compared to configuring both inner and outer sectors
with the same carrier frequency. We also observed that, when the operating frequency
become higher and higher UE SINR degrades. The identified configuration enhances
system performance of user throughput up to 236.6%, 504% and 821.5% at 10%-ile,
50%-ile and 90%-ile respectively compared to the existing 3 x 1 configuration. This
performance gain is obtained due to the introduction of additional resource elements
and the improved UE SINR. Effect of vertical sectorization in high rise building, higher
order vertical sectorization, multi objective optimization and cell association in vertical
sectorization can be an important future work.
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