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Abstract

The high capacity requirement for meeting the high demand of wireless application usage is the main issue in researches. Besides, to
increase the capacity of the network, a new topology of cell configuration should be deployed which is the use of small cell configuration
like micro and Pico cells with such configuration topologies in order to have high data rate network. This article aims to study the per-
formance evaluation of the use of two 5G mm wave backhauling configurations. The first one is the star topology and the second one is
the mesh topology. The main difference between them is the cooperation in mesh topology between cells to transfer data. The perfor-
mance metric used in this project is the energy efficiency obtained from the two configurations when changing the frequency bands and
path loss coefficient. The simulation results show that the changing the frequency bands in mesh configuration gives the same energy
efficiency reached to 500 Mb/s at 15 nodes while the star configuration results reached less than 100 Mb/s at the same number of nodes.
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1. Introduction

The high demand of wireless communications due to the high
need of capacity and high data throughput makes the bandwidth of
the spectrum is a main issue in wireless modern systems like 5G.
Because of this; high frequency bands are used for this reason
which gives high spectrum bandwidth and needs mm Wave to
communicate [12]. Wireless backhaul, which is an alternative to
fiber, is cost effective and rapidly emerging into an attractive can-
didate for the deployment of high-speed 5G. Unlike half-duplex
(HD) small cells in which either additional spectrum or properly-
designed time-frequency distribution is required for the provision
of wireless backhaul [23].

The proposal of Millimeter wave (mm) technologies has been
made in recent times as backhaul for outdoor urban small cells
[21]). More so, one of the major ways through which 5G cellular
networks can be enabled is by deploying small cells over conven-
tional macrocells [25].There are many issues that considered as
challenges towards the use of mm Waves like attenuation in the
free space propagation, penetration and indoor propagations and
the backhauling between nodes of the network [18].

The high data backhaul traffic still big challenging and many
communication mediums are proposed like fiber optic, and wire-
less communication. However, the microwave communication at
high frequency bands with high data rate is considered viable for
the small cells communication in NLOS [5]. For promising tech-
nology in modern wireless communication systems like 5G net-
works, the use of dense deployment of small cells in the macro
cells systems is considered a very powerful technique and config-
uration of the system to increase the throughput of the system.
However, a fundamental challenge is to provide efficient backhaul
connectivity to these small cells which is the main objective of
this research study.

One of the main performance metrics that can governs the perfor-
mance of a cellular system is the system bandwidth that can be
increased by using additional spectrum, which leads to a linear
increase in system capacity [12].

The limitation of the backhauling strategies for small cells config-
uration can be such as, the connectivity between dense small cells
deployed in the serving area, how to optimize the throughput of
the uplink, downlink, and the overall system of all the small cells
and the energy consumption of the system and how to optimize
the energy dissipated in the system. Other limitation is the limita-
tion of radio frequency spectrum which is a major issue that
should be into consideration to design efficient spectrum planning
for backhaul/access links of 5G small cells. [2]. proposed two
criteria to make a suitable planning of the spectrum. The first one
is the maximum received signal power (max-RSP) and the second
one is the minimum received signal power (min-RSP) criteria.

1.1. The Motivation of This Study

The motivation of this study is the huge benefits that the use of
millimeter wave (mm Wave) bands gives where the available
bandwidths are much wider than today’s cellular network [12].
Many challenges face the use of mm Waves; like attenuation, free
space propagation, penetration and indoor propagations [4].
Which are considered the issues to motivate any researchers to
deal with these challenges to overcome them. Non-line-of-sight
(NLOS) is also one of the motivated topics that can be subjected
in order to overcome extra power loss due to scattering, diffraction
and longer traveling distances, resulting in high BER values, low
throughput and notable performance degradation compared to
LOS propagation conditions. In this thesis, we present the use of
mauves backhauling in both star and mesh topologies considering
LOS channels between small cells [12].
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1.2. Millimeter Wave

One of the major factors that influences cellular system perfor-
mance is the signal bandwidth which can be added through the use
of extra spectrum, thereby leading to a linear increase in the ca-
pacity of data. (Nasser & Fahmy, 2016). According to Internation-
al Telecommunication Union (ITU), millimeter wave operates in
Extremely High Frequency (EHF) within the range of 30—
300GHz. The large available bandwidth at millimeter wave
(mmWave) frequencies makes them suitable for use in fifth gener-
ation cellular networks (Bai & Heath, 2014).

Basically, high rate of data of up to 1-2 Gbps range can be sup-
ported by millimeter wave RF. However, in comparison with Mi-
crowave RF, the reach is shorter because of high loss of propaga-
tion atmillimeter wave (Ahamed & Faruque, 2018). The use of
MmWaves is accompanied by numerous challenges such as atten-
uation, propagation of free space which is subject to research
through the use of penetration and indoor propagations, and tech-
niques of antenna design that are subject to research by deploying
multicarrier and aggregation of carrier.

Typically, the millimeter wave beams are much narrower com-
pared to microwave beams that create a major constraint which is
line of sight (LOS) backhaul solution. When directional antennas
are used in mm Wave transmission, narrow directive beams are
brought as new feature to mm Wave systems, thereby decreasing
interuption, fading and multipath (Wei et al. 2014).

1.3. Small Cells Backhauling

The fifth generation wireless systems (5G) continue to be in need
of higher rates of data and low latency. One of the major enablers,
which is small cell deification also needs backhaul technology that
is cost-effective and has low latency [23].The coverage and capac-
ity of the network can be increased at lower rate through the ultra-
dense deployment of small cell networks (SCN) [24].

Fig. 1: MM Wave Topology of 5G Network (Niu Et Al. 2017).

Figure 1 shows the legacy base stations (BSs) of macro layer op-
erate typically in mm wave frequency band and cover the wider
geographical area but at limited capacity towards user equipments
(UEs) (Maccartney et al. 2015). Small-cell layer coverage is pro-
vided by mm Wave Access Points (APs) that utilize beam-
steerable narrow-beam (“pencil-beam”) antennas to minimize
energy consumption, limit interferences and focus capacity to
where it is needed.

Some key parameters that differentiate steerable pencil-beam
antennas from fixed sector antennas are the level of directivity (i.e.
antenna gain) and steering range. The envisioned BH connections
are assumed to be wireless in this topology while macro BH quite
often is implemented with optical fiber (Taori&Sridharan 2015).
The backhaul links can create relay chains in this manner, provid-
ing extra coverage and routes behind obstacles. The envisioned

UEs can simultaneously connect to both macro and small cell
radio access technologies (RATS) (Dehos et al. 2014).

2. Small Cells Configurations

2.1. Star Configuration in 5g Networks

The system model of the star topology which is one of the central-
ized scenario configurations. It consists of a macrocell BS (MBS)
assumed to be located in the macrocell center, and SBSs are as-
sumed to be uniformly distributed in the macrocell. All SBSs are
configured with the same transmission power and coverage [12].
The wireless configuration is a star topology which means that all
the traffic of the small cells are transmitted to the main base sta-
tion called MBS in the macro cell using mm Waves. All the traffic
then from the MBS to the mobile network center is forwarded by
using fiber to the cell (FTTC) links which considered the back-
hauling of the system [16].

2.2. Mesh Configuration in 5G Networks

The Mesh topology is the second configuration of the small cells
in 5G. This considered one of the distributed scenario architec-
tures. The main difference between this topology and that obtained
from figurel is that there is no MBS in the system in order to
gather the small cells information and relayed it to the network
center. Because of this, all traffic backhauling is transferred to the
small cell base station (SBS) which are assumed to be uniformly
distributed in the served area. The process of work starts from
gathering information from users in the small cells then each SBS
transfers the backhaul traffic to the adjacent SBS in a cooperative
way where the system here called cooperative wireless system. To
forward all backhaul traffic, a specific SBS is introduce to perform
this operation and connected to the network center by an FTTC
links [18].

3. Simulation Environment

The simulation process for all simulation stages starts from deter-
mining all variable parameters required for the simulation which
are the node positions, the data message, the energy used for each
node, the distances between nodes and the main node, and the path
loss coefficient which is determined by the environment surround-
ing the system. The system simulation calculates the energy effi-
ciency of the system for all cells in the network for both scenarios
in order to study the performance of the system for LOS simula-
tion.

There are 15 node with varying radius for each node starts from 30
m to 100m. The carrier frequency used is the 28 GHz to satisfy the
5G requirement and mm wave concept. The simulation starts to
simulate the energy efficiency of both configurations under chang-
ing the mm wave frequency band to determine the effect of chang-
ing frequency bands on 5G backhauling. The effect of changing
the path loss coefficient on 28 GHz band is also simulated

4. Simulation Scenarios

This simulation considers 15 nodes base stations mounted on the
top of street lamp post for a height up to 4m. Only one base sta-
tion, labeled BS1, has an FTTC link. All the other base stations
have to route their data to BS1. Two different topologies are con-
sidered for this layout, the star topology and the mesh topology as
shown in Figure 2.

The connections between every two small cells take the LOS
communication is used in the simulation based on a Rayleigh fad-
ing channel model with 10 taps of multipath channels considering
working in the 28 GHz frequency band for changing path loss
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coefficient, and different frequency bands to study the effect of
each band on the backhauling performance.

Fig. 2: Simulation Scenarios for Star and Mesh Topology.

Table 1: Simulation Parameters and Values

Parameters Values

Nodes height (m) 3-4

Carrier frequency (GHz) 5.8, 28, 60
Bandwidth 20 MHz

Small cells radius (m) 30-100
Configuration types Mesh and Star
Number of nodes 15 with main BS
Communication types LOS

Path loss coefficient 34,5

5. Performance Metrics

5.1. Energy efficiency

Energy efficiency = Energy for successfully transmitted bits /
Total energy (1)

5.2. Coverage Probability

Pc=P [SINR >p (2)
6. Results and Discussions

6.1. 28 GHZ with Comparison with Other mm
Wave Bands

This section studies the performance analysis of using different
mm wave frequency bands to in order to discuss the performance
evaluation of the energy efficiency of the two scenarios. All simu-
lation performed under LOS communication
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In Figure 3 the energy efficiency of wireless backhaul networks
linearly increases with the increase in the number of small cells in
the star solution. When the number of small cells is fixed, the
energy efficiency of wireless backhaul networks decreases with
the increase of frequency bands. However, obviously there are
energy efficiency gaps for 5.8 GHz, 28 GHz, and 60 GHz fre-
quency bands in the star solution
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Fig. 4: Energy Efficiency of the Mesh Configuration for Different
Frequency Bands for 15 Nodes Only.

In Figure 4, the energy efficiency of wireless backhaul networks
exponentially increases with the increase of the number of small
cells in the mesh solution. The results in the Figure 4 show that
the three mm wave frequency bands in mesh configuration have
nearly the same energy efficiency reached to 450 Mb/s at 15
nodes.

This result obtained because of the cooperative topology of the
mesh configuration while the star configuration results reached
less than 1.5 Mb/s at the same number of nodes at 28 GHz.

6.2. Path Loss Effect at 28 GHz

The energy efficiency of wireless backhaul networks with respect
to the path loss coefficient considering different small cell radius
is shown in Figure 5 for the star configuration and Figure 6 for the
mesh one.
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Fig. 6: Energy Efficiency of the Mesh Configuration for Different Values
of Path Loss Coefficient.

In the star configuration, When the radius of small cells is less
than or equal to 50 m, the energy efficiency of wireless backhaul
networks increases with the increase of the path loss coefficient,
When the radius of small cells is larger than 50 m, the energy
efficiency of wireless backhaul networks decreases with the in-
crease of the path loss coefficient.

When the system energy consumption is fixed, the energy effi-
ciency is proportional to the wireless capacity in wireless backhaul
networks. Compared with star and mesh configuration in Figure 5
and Figure 6, the energy efficiency of the star configuration is
obviously less than the energy efficiency of the mesh solution
under the same radius of small cells and the path loss coefficient.
The effect of this parameters comes from that it affects the re-
ceived power delivers to the destination BS because increasing
path loss exponents means increasing in the path loss of LOS
communication.

6.3. SINR Coverage Probability for 28 GHz
Mesh Configuration
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Fig. 7: SINR Coverage Probability of Mesh Configuration.

Figure 7 shows the SINR coverage probability of the mesh
configuration as a type of D2D network as a function of the SINR
threshold.lIt shows that by increasing the density of blockages, the
SINR coverage probability of mesh base station receivers in the 28
GHz mmWave band decreases. It is in agreement with the
observation that increasing the number of blockages in the
environment, lowers the chance of LOS links, decreases the SINR
coverage probability.

7. Conclusion

This paper studies the use of MmWave in small cells backhualing.
The first one is the star configuration and the second one is the
mesh. The energy efficiency of wireless backhaul networks is
compared for different network architectures and mm wave
frequency bands with addition to different values of path loss
coefficient. The simulation results show that the mm wave
frequency band plays an important role to choose the network
configuration. If the application needs high energy efficiency, the
suitable network configuration chosen is the mesh configuration.
If the frequency band used is 5.8 GHz, and there is no need for
high energy efficiency, the suitable chosen network is the star
configuration.
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