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ABSTRACT

The use of millimeter-wave for 5G connections seems ready to be implemented. The high-path loss problem as a consequence
is solved by the use of antenna arrays and the reduction of cell coverage with a small cell concept. Aligning beams to the best
directions is then a selected concept of antenna arrays implementation. Numerous research has addressed the concept to obtain
optimal beam alignments. In addition to those, this paper investigates the impacts of antenna positions to the beam alignment in
urban road scenarios. Optimizing Line of Sight (LOS) connections and investigating Nonline of Sight (NLOS) are two concerns
in the scenarios. A straight road is chosen to be an example of small cell implementation in an urban environment. Furthermore,
the main goal of this paper is to characterize LOS and NLOS connection for proposed antenna positions i.e. wall-mounted and
lamppost scenarios. These scenarios are then carefully evaluated. The results show that the installation of the antenna on the
lamppost gains more LOS connections compared to that in the wall-mounted scenario. Its installation improves EM field strength
by around 5dB. In addition, the basic concept of LOS and NLOS in terms of connection due to the use of antenna arrays should

be modified. A user in the LOS region is potentially served by an NLOS connection.
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1. INTRODUCTION

The use of millimeter-wave for enhancing capacities of
5G connections is thoroughly studied. It is related to the
availability of wide bandwidth which is not used by other
purposes, unlike that in frequencies lower than 6GHz [1]-[7].
Unfortunately, a higher path loss is a drawback that must be
considered. Growing research regarding this issue proposes
some solutions, two of them are discussed in this paper. First,
the use of antenna arrays with beamforming can enhance
antenna gain to compensate for the loss. Second, a small-cell
will serve a smaller [8] and extended coverage [9].

Applying beamforming with antenna arrays especially
large- or massive-arrays results a coverage of a single beam
produced by arrays have a narrower beamwidth as well as
less in covered areas. Unlike conventional antennas that
cover wide areas with beamwidth from 45° to 120°, large-
arrays have much smaller beamwidth less than 10° that
depend on the size of arrays. The greater number of arrays
produces the narrower beamwidth.

Some papers have described about beam alignments. The
important points from those are maximizing LOS
connections and reducing time used for searching optimal
beams. For instance, an optimum beam is gained from a
measurement of a reference signal in a downlink channel that
reported back to the transmitter [10], by employing a specific
algorithm to ensure less in beam searching complexity [11].

Considering small-cells implementation, antennas in
millimeter wave will be installed denser and closer to the
users. The idea explored in this study is started from the
potential of antenna-installation positions proposed in [4]
which then discussed later in this paper. To show the method
that proposed in the study, this paper presents a single case
of small-cells in the urban environment.

A straight road surrounded by buildings is modeled for
the evaluation purpose. On the discussion, this study rather
focuses on characterizing the pattern of LOS and NLOS than
discusses the accuracy of simulation results.

The rest of this paper is described as follows. In part Il,
step by step of the evaluation methods are explained. Part I11
provides the results of the methods specified and discusses
the findings. Summaries and potential future works are
described in the last part.

2. METHODS

The study establishes the methods including some
aspects that described as follows.

2.1. Antenna Arrays

The use of antenna arrays in the 5G millimeter wavestill
becomes one of the important topics addressed by some
researcher. One of the topics that has relation with this study
is the maximum scanning angle that when the scanning angle
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larger than 40°, the gain performance degrades as mentioned
in [3].
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Figure 1 Overview gain performance of URA antennas -
horizontal scanning

In the evaluation, an 8x8 uniform rectangular arrays is
used with patch antenna as a single element. Figure 1 shows
antenna arrays radiation pattern in a variety of scanning
angles. In the simulation, the patterns are simply obtained by
adjusting phase shift 6 that follows Equation (1) where v is
beam edge angle, k is wave number, d is spacing between
elements and 0 is radiation angle measured from z-axis.
While in uniform rectangular arrays, two-phase shifts in the
direction of 6 and ¢, where ¢ is the radiation angle measured
from y-axis, form 3D scanning angles.
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2.2.1. Wall mounted installation

In a wall-mounted installation, the antenna is located on
the wall side. It is installed on a selected building that
potentially covers the whole street corridor as seen in Figure
2a. This is the basic consideration in coverage planning. The
study places the antenna in the middle building along the
street corridor.

2.2.2. Lamppost installation

Another growing concern of the antenna placement in the
field deployment is by installing the antenna on a lamppost
or other street properties [12]. For the second evaluation, the
study uses a lamppost located on the street corner as shown
in the Figure 2b.

2.3. Ray Tracing Simulation

Ray tracing simulation for the scenarios is then used. The
research applies antenna arrays in the simulation, examines
all possible scanning angles to get overall views of the best
reception on a user’s side. The scanning angle interval used
in the simulation is 5 o . The evaluation, further, focuses on
horizontal scanning angles instead of vertical scanning
angles since the height of the antenna is close to the ground.
The parameters used in the simulation are summarized in
Table 1.

Table 1. Simulation parameters of the scenarios

§ =1 — kdcos(6) 1) Parameter Value
. ] o . Frequency (GHz) 28
In the interval of 30° figured in Figure 1, the gain -
performance degrades about 4 dB at scanning angle 60° . Transmitter
Therefore, this study limits 60° for the maximum scanning Antenna Type 8x8 URA
angle as well as the maximum Angle of Departure (AoD). -
Transmit Power (dBm) |50
2.2. Evaluation Scenarios Antenna Height (m) |7
In urban environment, a typical road corridor is chosen. Receiver
As previously mentioned, the study adopts a proposal of Antenna Type Omnidirectional
antenna installation for small cells scenarios as in [4]. Figure -
2 provides illustration of proposed antenna implementation Antenna Height (m) |15

in the small cell especially to cover a street corridor in urban
roads.

(a) wall mounted

(b) Lamppost

Figure 2 Illustration of proposed antenna installation

The overall design of the scenarios simulated in the ray
tracing is illustrated in Figure 3. A receiver moves from the
starting point along the street corridor. The selected points
have interval 1m, while the resolution is 0.5m.
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Figure 3 Overall evaluation scenario

3. RESULT AND DISCUSSION

3.1. Wall Mounted Antenna Scenario

Figure 4 shows simulation result of the wall-mounted
installation scenario. From the separation of LOS
components, Figure 4b, it can be seen that a user that moves
along the street mainly will be served by NLOS connection.
The intensity of the received NLOS signal will depend on the
reflection parameter of the wall surrounding the road. Figure
4b also shows the potential points where a mobile user will
be served by the LOS connection. This explains that the
implementation of antenna arrays have a consequence in
limiting LOS connection since the antenna beam has a much
narrower range.

Beam alignment process evaluates the best AoD based on
the best EM field at the receiver’s side. Then, receivers
usually send feedback reports on their measurements. If the
best value of the EM field is chosen, information on the
scanning angle can be extracted as seen in Figure 5. Since
the antenna position is located in the middle of the street
corridor, the LOS connection can cover up to 10m range
from the wall-mounted antenna, while other positions are
served by NLOS connection. Applying antenna with wider
scanning range which is also the hot topic in antenna-arrays
design possibly improves the limitation of the LOS
connection region in this scenario.

Eeff dB microV/m for Different AoD
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Figure 4 LOS and NLOS pattern for all scanning angles in
wall mounted scenario
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Figure 5 Optimal scanning angles based on the best EM
field strength in wall mounted scenario

From the NLOS profile, the study draws attention to the
building opposite of the selected building for antenna
installation. By comparing between Figure 4a and Figure 4b,
subtracting the LOS component, the NLOS connection
particularly is supported by the reflection signals from the
building in front of the antenna. The exploration of building
materials in connection with reflections or scatterings is
required to estimate more precise coverage prediction.

3.2. Lamppost Scenario

In the lamppost scenario, the simulation exhibits different
beam patterns. Since the installed antennas face the corridor,
there is no significant change of the scanning angle along the
corridor, almost 80% of the scanning angle located in the
range £10° . Figure 6 illustrates the condition. In other words,
with this scenario, the scanning angle can be kept constantly
along the corridor and beam alignment process should be
much less complicated.

The drawback of this scenario is when LOS connection
is not present, subtracting the LOS component in Figure 6b
from Figure 6a, there are some chances of NLOS connection.
Figure 6a shows three alternatives of NLOS connection
instead of the LOS one. Those conditions mean the process
of beam searching will take a longer time. Prioritizing the
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beam scanning angles could be a solution. The system may
set those alternatives into a sequential rank.

When the optimal EM field strength is taken, Figure 7
exhibits the best horizontal scanning angles. It emphasizes
previous mentioned evidences that mainly connection is
LOS.

3.3. Comparison

It is interesting then by the use of cumulative distribution
function (CDF) of EM field strength, the two scenarios are
compared. The comparison uses an assumption that both
scenarios correctly apply the best AoD along the street
corridor. Fig. 8a shows the EM field strength along the route,
while fig. 8b presents cumulative distribution of the EM field
strength. This result shows that in a straight road corridor,
installing the antenna arrays in a lamppost provides users a
higher opportunity to obtain a better signal strength by
approximately 5dB.

3. CONCLUSION AND FUTURE WORK

Investigation of antenna position in urban road scenarios
has been presented. Both proposed antenna positions show
different characteristics. The installation on the building wall
has limitations on LOS connection and the NLOS alternative
depends on the buildings in front of the antenna. While in the
lamppost scenario, it provides a better LOS connection.
When the LOS connection is disappeared, this scenario
increases the beam searching complexity. The EM field
strength of the lamppost scenario is superior to the wall-
mounted scenario about 5dB.

Eeff dB microV/m for Different AoD
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Figure 6 LOS and NLOS pattern for all scanning angles in
lamppost scenario
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Figure 7 LOS and NLOS pattern for all scanning angles in
lamppost scenario

The aforementioned evaluation promotes the shift of the
LOS and NLOS concept. It should be noted that although
there is no obstacle between the transmitter and the receiver
based on their position, the LOS in terms of position, the
connection between them is not always LOS. From the
evaluation, future works may explore the impact of scatterers
close to a user. This proposed method provide a clear view
of the impact. By adding random scatterers at some objects
may also improve the limitation on reflection analyzed in this
study.
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145 Comparison of EM field strength of two scenarios
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Figure 8 Comparison EM field strength of optimum
horizontal scanning angle

AUTHORS’ CONTRIBUTIONS

Strictly speaking, what our focus in here is to analyse
some potential of antenna installations in the mmwave 5G
recommended by interested stake holders in this field. We
propose an approach on how to develop the purpose mainly
by two steps. First, we set up an environment and run a ray
tracing simulation with a concept which has been details
explained in the method section. Second, we build
investigation based on the output of the simulation.
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