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Abstract. A new alternative network is critical since cellular users are increasing year after
year and network capacity is becoming insufficient. Currently, network design prioritizes not
only performance but also energy efficiency. The MIMO system has existed for a long time
and has been shown to improve system performance. A mmWave technology is currently
one of the 5G enabling technologies that use high frequencies to enable speeds of up to 1
Gbps while maintaining high capacity and low latency. Thus, the combination of mmWave
technology and MIMO systems is one of the challenges for implementing 5G technology
with high performance and energy efficiency in urban areas. This paper, therefore, designs
and evaluates the mmWave MIMO network using 28 and 60 GHz frequencies in urban
areas, especially in Banda Aceh city. Then, this paper analyzes the designed network
performance by considering coverage area, SINR, throughput, and energy efficiency. The
designed mmWave MIMO system uses different antennas: 4, 8, 16, and 32. Simulation
results indicate that the mmWave MIMO 28 GHz network has a larger coverage area, higher
SINR, and more energy efficiency than the mmWave MIMO 60 GHz network. The highest
energy efficiency is achieved in the network using a 16-antenna. On the other hand, the
throughput of a mmWave MIMO 28 GHz network is lower than that of a mmWave MIMO
60 GHz network. The mmWave MIMO 28 GHz network has demonstrated advantages that
make it ideal for use in urban areas, particularly in Banda Aceh.
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1. Introduction

The development of digital communication and
wireless networks is accelerating, as evidenced by the rise
in data transfer rates and the number of users. This
decreases the available bandwidth, thereby increasing the
required capacity to implement a reliable communication
system. One of the most recent digital communication
technologies, 5G technology is capable of enhancing
network traffic lanes by making huge capacity available.
Some of the most widely used 5G support technologies
are Multiple Input Multiple Output (MIMO), millimeter-
wave (mmWave), and device-to-device (D2D) [1].

MIMO technology is a refined version of a wireless
spatial diversity system that employs a single antenna
known as Single-Input Single-Output (SISO). MIMO
technology operates at least two antennas in the
transmitter and receiver. When mote antennas are utilized,
efficacy and diversity gain are enhanced. In addition, the
advantages of MIMO technology can increase both link
capacity and system capacity, as well as system reliability,
by reducing mutual coupling induced by fading [2], [3].
MmWave technology is one of the 5G supporting
technologies that has a wavelength of 1-10 mm and
operates at an Extremely High Frequency (EHF) of 30-
300 GHz with large bandwidth. The mmWave 5G
network is, therefore, a potential remedy for
accommodating future bandwidth demands [4], [5].

MIMO and mmWave technologies can be combined
in order to meet the requirements of future 5G networks
[6], [7]. The combination of the two technologies is known
as mmWave MIMO, and it provides a wide range of
advantages, including (a) the availability of multiplexing
and array amplification due to a large number of
transmitting and receiving antennas; (b) extreme data rates
due to the large bandwidth at millimeter frequencies; and
(c) interference reduction due to narrow beamforming.
mmWave MIMO has the potential to increase user
throughput, cellular network capacity, spectral efficiency,
and energy efficiency [8] by utilizing this combination of
the large bandwidth available in the mmWave frequency
band and the high multiplexing advantages of massive
antenna arrays. One of the applications of mmWave
MIMO is in HetNet 5G wireless, the next-generation
cellular network with the benefits of extraordinary
infrastructure densification, a large new bandwidth, and an
enormous number of antennas. Therefore, this
combination affords the chance to support a multitude of
high-speed services for future applications requiring large
bandwidths [9]. However, the higher attenuation of
mmWave waves is still caused by the use of high
frequencies.

Recently, 5G technology applications in the industry
have also used a frequency spectrum close to mmWave,
such as 28 GHz, which has many of the same operating
characteristics as mmWave frequencies [10], [11].
Together with 39 GHz and higher frequencies, these
frequency bands are referred to as millimeter waves [12].
mmWave attenuation studies at 28 GHz have revealed

that mmWave waves prefer to permeate materials such as
polystyrene or pass through without reflection. However,
different reflections were discovered, ranging from wood
and wall materials to materials such as colored glass and
bricks that create strong reflections, resulting in increased
attenuation. Ullah et al. [13] proposed one of the
developments of mmWave MIMO technology in the
range between 57-63 GHz by creating a ground plane
antenna array based on an electromagnetic bandgap (EBG)
structure that can give a significant reduction in coupling.
According to the study's findings, numerous types of EBG
materials and architectures that can greatly improve
performance are found in the MIMO system operating in
the 60 GHz band. Whereas most MIMO system
performance measures are based on the total gain of
MIMO components and connections between antenna
ports, utilizing metamaterial or the EBG band gap can
lessen the connection between closely spaced antennas in
the 60 GHz mmWave band. Furthermore, the issue of
increasing user numbers and the necessity for high data
throughput on 5G networks can be addressed using a
combination of D2D and mmWave. The incorporation of
mmWave communication in D2D has been shown to
improve the performance of a pico cell network
throughput in the 60 GHz band by up to 2.3 times over
conventional D2D technology [1].

In order to successfully implement 5G wireless
communications, it is essential not only to design the
overall system but also to evaluate its performance. This
paper, therefore, proposes the design and evaluation of a
5G communication system based on MIMO and
mmWave technologies at 28 and 60 GHz. It seeks to
increase the energy efficiency and performance of the
communication system. For the case study, the network is
modeled as an urban area in Banda Aceh, Indonesia. The
network design considers the various MIMO antennas,
network parameters, coverage parameters, and power
consumption. In addition, the designed mmWave MIMO
5G communication system was ecvaluated utilizing a
variety of performance metrics, including coverage, signal-
to-interference-plus-noise ratio (SINR), throughput, and
energy economy. Based on simulation results, we evaluate
the viability of mmWave MIMO 28 and 60 GHz
deployment in urban areas, particularly in Banda Aceh.
The main contribution of this paper can be summarized
as follows:

a. We design a mmWave MIMO network using 28 and

60 GHz in Banda Aceh city, as an urban area.

b. We evaluate the performance and energy efficiency
of the designed mmWave MIMO network using the

28 and 60 GHz in Banda Aceh city.

2. Network Design

The mmWave MIMO 5G is an emerging technology
that combines the potentially large mmWave bandwidth
availability and the high gain of MIMO antenna arrays [14],
[15]. Using mmWave-MIMO in the HetNet domain, the
next generation of cellular networks can be proposed to
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take advantage of extreme infrastructure densification,
vast quantities of new bandwidth, and a significant
increase in the number of antennas. In addition, this
combination enables the support of numerous high-speed
services for applications requiring extensive bandwidth.
Wide bandwidth availability and high spectrum efficiency
make mmWave MIMO a promising option for future 5G
cellular networks seeking to significantly increase overall
system throughput. mmWave communication has the
disadvantage of a high path loss during transmission. In
general, mmWave communication systems reduce path
loss with directional beamforming and multiple antenna
arrays.

To take advantage of the opportunity to integrate
mmWave MIMO technology, a variety of communication
theory and engineering obstacles must be surmounted. In
addition, challenges include research issues and future
directions of mmWave MIMO as an up-and-coming
technology today. In spite of this, mmWave MIMO
technology can provide a vital solution to many future
technical communication challenges, particularly for 5G
HetNet networks, and can integrate effectively with
existing network and access technologies. Moreover,
deploying multiple antennas at the MIMO transmitter
and/or receiver can substantially improve the spectral and
energy efficiency of a wireless network [16].

This research begins with placing macro site positions
according to urban areas. The macro BTS’s beam
direction uses angles of 30°, 150°, and 270°. Using
beamforming techniques, the beam received by multiple
microsites predicts the amount of power received at each
microsite. Finally, the free space propagation model
predicts the received signal strength for each microsite to
optimize directivity.

mpiave MIMO Antannas

A

miave MIMO Antereims mmiHave MIMO Anteceas

: 0 e
%?{f 053333?{ 0

e MIMO Antennias

0
0 0 /0w ue
0 ] /A\

meniWave MIMO Antennas

0
]JJJJDW

mmiWave MIMO Antennss mmWave MIMO Anteanzs

, 0 : 0
]]%f*‘j]j‘]]]ﬁ o\0 00

0/ bt 0
00 0 /0= Dp O
NN

0pg O

Fig. 1. Network design model for mmWave MIMO in an
urban area.

Urban Area

Figure 1 depicts the designed network architecture for
mmWave MIMO in an urban area. The designed network
is simulated using Matlab in Banda Aceh city for the case
study of an urban area. Each BTS employs mmWave
MIMO antennas for the 28 and 60 GHz frequencies and
serves a large number of user equipment (UE). The
MIMO antennas used on the Tx and Rx are 2X2 (4
antennas), 2X4 (8 antennas), 4X4 (16 antennas), and 4x8
(32 antennas) on the mmWave MIMO 28 and 60 GHz,
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respectively. Several factors must be considered duting the
design process, such as the path loss that impacts signal
coverage [17]. In addition, the high frequencies utilized by
the mmWave MIMO network will have an impact on the
coverage of the designed model. The overall parameters
considered in network design are listed in Table 1.

Table 1. Network parameters.
Item Remarks
Operational 28 and 60 GHz
frequencies
Environment outdoor
Communication mmWave MIMO
method
Transmit power 44 dBm
Noise type Noise thermal
Antenna height 10 m
UE height 1.5m
Temperature 230C

The considered parameters to measure the coverage
of the mmWave MIMO network with operating
frequencies of 28 and 60 GHz are shown in Table 2 [17].

Table 2. Coverage parameters.

Item 28 GHz 60 GHz

Bandwidth total 2 GHz 7 GHz

UE bandwidth 20 MHz 20 MHz

channel

Receiver bandwidth 50 MHz 50 MHz

channel

Feed loss of array 2 dB 2 dB

antennas

’llg“gansmu power at 44 dBm 44 dBm

Antenna gain at

transmitter and 10 dBi 10 dBi

receiver

lgjlli:rlll;zr of MIMO 4,8, 16 and 4, 8, 16 and
nas 32 32

at micro-site

M:_icro—sne antenna 25 m 25 m

height

Re_celver antenna 15m 1.5m

height

In the designed network, the power consumption of
the base station (BS) is calculated to analyze the energy
efficiency of the mmWave MIMO system at different
frequencies [18]. The power consumption of the BS is
shown in Table 3.
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Table 3. Power consumption at the base station.

Parameter Description Value

Prrans Transceiver 1.5W
power  at
antenna

n The power 50%
efficiency  of
the amplifier

thl Backhaul 10 W
power

Peool Power at cooler 200 W
system

Prece Rectifier power 50 W

Pagp Processing 1w
signal power at
antenna

3. Performance Analysis
3.1. Coverage

Coverage of the mmWave MIMO network is highly
sensitive to system performance and reveals the
distribution density level. Nonetheless, the millimeter-
wave signal propagates poorly in the non-line-of-sight
(NLOS) region [18]. Coverage is limited by wave
propagation through walls and furniture. Transmission
distance indoors is 10 m and outdoors 100 m. The
communication path through a vacuum will be a limitation
at high frequencies, i.e., 60 GHz. For this reason, one
solution is to integrate the existing 5 GHz network with
the 60 GHz band [19]. This study uses the MATLAB
application's phased array system and antenna toolbox to
calculate the mmWave MIMO network coverage at a
frequency of 28 and 60 GHz.

Network coverage is affected by network reception
and losses. Receive power is measured from the uset's
receiving base station via air propagation. The received
power is calculated based on the transmit power (Pgy)
minus the total power attenuation (Ligea1) as follows [20]:

Bx = Pty — Ltotal ©

where P,y is received power (dBm), Py, is transmitted
power (dBm), and Lygeq) is the total of attenuation power
(dBm). Ligtq) is calculated by [20]

Ltotal = Lfs + Lb - GTx - GRx + PL(d) (2)

where Lgg is free space loss (dB), Ly, is installation losses
(dB), Gty is base station antenna gain (dB), Gg, is receiver
antenna gain (dB), and PL(d) is path loss (Km).

Path loss (PL) is due to NLOS between two
communication antennas separated by a distance d in
kilometers (km) and operating at a frequency f in GHz.

Xy is a zero mean Gaussian random variable with a
standard deviation in dB, which is obtained as [21]

d
PL(d) = PL(dy) + 10n logy, (@) +X, 0

where the PL(dy) is obtained from the close-in
attenuation of free space using the reference distance
dy = 1 m, then

PL(dg) = 10 logso(*5%)? @
where A is the wavelength used in the network. The larger
the wavelength, the smaller the frequency used and the
smaller the path attenuation.

3.2. SINR

Signal-to-interference plus noise ratio (SINR)
compares the received signal power and the power of the
interference signal that has been added to the noise signal.
Interference is very important to consider in designing and
analyzing wireless network performance. Interference
occurs when the desired signal is combined with another
unwanted signal sent from another source in the same
frequency, space, or time slot.
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Fig. 2. SINR calculation model.

Figure 2 shows the SINR calculation model with a pair
of transmitters and intended receivers denoted by 2
Transmitters TX1 and TX2 act as interfering potentials for
transmission between TX i and RX i 's intended receiver.
The SINR can be written as [22]

S
Dig+n

SINR; = 5)
whete SINR; is the SINR at antenna 7 (dB), S is signal
power (dBm), i is interference power from interferer k
(dBm), n is noise power (dBm). Signal power and
interference power of interferer k are indeterminate
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variables that are influenced by various factors such as
transmit power, interference management, antenna
pattern, and beamforming technique used. Therefore, the
SINR can be further written as [22]

Tx Rx Ch
SINR, = — 9L 9i 0, ©)
' TkesPrairaR gk +n
where all interference transmitters, excluding the

transmitter, referred to are denoted by J, P; is transmitted
power by TXi, giCh is channel gain between TXIi and
RXi, g7 is antenna gain at TXi, gf* is antenna gain at
RX{, and n is white Gaussian noise power.

3.3. Throughput

Throughput can be achieved almost equal to
bandwidth, but power consumption increases linearly due
to the conversion of analog to digital converters on power
circuits with bandwidth. The high capacity of the 5G
communication system is contingent on the mmWave
band's low power transmission and low SINR ratio [23].
Data rates continue to increase from 1 Mbps in the first
generation to 600 Mbps with MIMO 802.11n products.
The IEEE 802.11n working group established the very
high throughput study group (VHT SG) to investigate
multi-gigabit  link-throughput  technologies.  Using
environmental models, including WLAN, such as sync-
and-go, downloading videos or images from a camera
necessitates a greater throughput as the quality and
resolution increase [24]. The throughput capacity can be
calculated by

C = B.log,[det(l,,, + SINR x H X H*)] 7

where B is bandwidth (Hz), H is channel gain, H* is
transpose matrix of H, and I, is the identity matrix. In
this case, the MIMO system is considered a set of parallel
SISO systems. Therefore, the H channel matrix's singular
value decomposition (SVD) produces a SISO
independent channel.

3.4. Energy Efficiency

It also has an effect on the environment in the field
of cellular communication systems, as energy
consumption rises over time. As a branch of the industrial
sector, mobile communications networks are responsible
for approximately 0.2% of global emissions, representing
a minor portion of the current total carbon footprint of
Information and Communication Technologies (ICTs).
With the rising demand for communication services in
developing nations, however, significant challenges
regarding the energy needs of cellular radio networks atre
anticipated to emerge in the future. In order to reduce
global emissions, it is necessary to calculate energy
efficiency when designing cellular communication systems
[18]. Cellular communication systems of today typically
utilize an outdoor base station (BS) in the cell's center to
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communicate with cell phone users, regardless of whether
they reside indoors or outdoors. For indoor users to
communicate with an outdoor BS, the signal must pass
through the building's walls, resulting in extremely high
penetration loss and a substantial decrease in data rate,
spectral efficiency, and energy efficiency of wireless
transmission.

At mmWave frequencies, energy efficiency will be
a critical factor because 5G cellular architecture may
separate outdoor and indoor scenarios. Therefore,
designing the mmWave network for frequencies between
28 and 60 GHz becomes one of the analyzed variables.
Energy efficiency (EE) can be calculated by [19]

ER = ARY ®)

Pgy,

where A is the coverage area by BS (Km?), U is the number
of users in the network, R is the bit rate based on the base
station (Mbps), and Prr. is power consumption by the base
station. Power consumption at the base station affects the
energy efficiency; the smaller the power consumption of
the base station, the greater the energy efficiency. The
power consumption can be calculated by [18]

Pg1= Nane *(Puans +Paspt1) Pamp) +Prece +Peool +Pni (9)
where Nant is the number of the BS antenna element,
Ptrans is RF transceiver power (W), Pdsp is the power
consumption of DSP unit (W), 17 is amplifier efficiency,
Pamp is amplifier power (W), Prect is rectifier power (W),
Pcool is AC power (W), Pbhl is link backhaul power (W),
and Pgy is digital beamforming power (W).

4. Results and Discussions
4.1. Coverage

Coverage is one of the most crucial aspects of
mmWave MIMO network design in order to guarantee
functionality. In a mmWave MIMO network, transmit
power must be simulated to measure SINR at receivers in
order to analyze coverage. The Signal-to-Interference-
and-Noise-Ratio (SINR) is subsequently an essential
factor in determining network coverage. This network
coverage is simulated using MATLAB in this paper. In the
mmWave MIMO network, coverage is initially calculated
based on the receiving capacity at a range of 0 to 350 m
between the receiving device and the base station. The
results of the simulation indicate that the received power
from the mmWave MIMO network emission pattern is 44
dBm. This reception is affected by several factors,
including signal attenuation due to atmospheric
attenuation, foliage attenuation, equipment attenuation,
and precipitation attenuation. The simulation also takes
antenna gain into account so that the received power lies
between -60 dBm and -84 dBm. Figure 3 depicts the signal
strength simulation results for the coverage of the
mmWave 28 and 60 GHz networks with eight antennas.
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This coverage or signal intensity is the received power at a
particular location or region.

Figure 3 (a) is the simulation result of strong signal
coverage at a frequency of 28 GHz. The best-received
power quality is - 5 dBm, and the lowest received value is
- 120 dBm. The sensitivity of the receivet's remaining
receiving power is -100 dBm. To avoid blank regions,
there are 65 simulated base stations, and the receiving
power is below the threshold of -100 dBm. When the
number of base stations exceeds 65, the received power
will increase, but the energy efficiency will decrease due to
the high power consumption of the base station. As a
result, 65 base stations are utilized because they are
adequate to cover the entire desired coverage area and
have optimal energy efficiency. Figure 3 (b) shows the
results of strong signal coverage for the mmWave MIMO
frequency at 60 GHz. The simulation results get the
received signal power at -80 dBm.
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Fig. 3. Strong signal coverage with 8-antenna for (a)
mmWave 28 GHz and (b) mmWave 60 GHz.

Figure 4 displays the simulation results for limited
signal coverage of the mmWave MIMO network at 28
GHz (Fig. 4 (a)) and 60 GHz (Fig. 4 (b)) for each
frequency. In Fig. 4 (a), the 8-antenna result for signal
quality is -80 dBm. However, coverage is relatively
excellent due to the wider receiving power range of the
light blue color. Figure 4 (b) displays in blue a signal quality
of -120 dBm. Nevertheless, the signal coverage is less than
that of a 28 GHz signal.
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Fig. 4. Weak signal coverage with 8-antenna for (a)
mmWave 28 GHz and (b) mmWave 60 GHz.
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Fig. 5. Coverage with 8-antenna for 20 users: (a) mmWave
28 GHz and (b) mmWave 60 GHz.

78 ENGINEERING JOURNAL Volume 27 Issue 11, ISSN 0125-8281 (https://engj.otg/)



We can see a clearer coverage area in Fig. 5, with the
number of users in the figure as many as 20 UE at each
BS. It shows the widest coverage at a frequency of 28 GHz
with 8-antenna (Fig. 5 (a)) and the smallest coverage at 60
GHz with 8-antenna (Fig. 5 (b)). Thus, it can be concluded
that 28 GHz has a larger reception area and greater
coverage than 60 GHz.

Based on the coverage simulation results for a BS with
20 UE, Fig. 6 depicts the coverage based on the number
of antennas used in the BS for each mmWave MIMO 28
and 60 GHz. The number of antennas used impacts the
network's coverage area; the more antennas used, the
larger the network's coverage area. As a consequence, both
mmWave MIMO 28 GHz and mmWave MIMO 60 GHz
networks will have expanded coverage. For all simulated
antennas, the coverage of the mmWave MIMO 28 GHz
network is greater than that of the mmWave MIMO 60
GHz network.
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Fig. 6. Coverage for 20 users with the different numbers
of antennas: (a) mmWave 28 GHz and (b) mmWave 60
GHz.

4.2. SINR

SINR is obtained from the Matlab simulation results
by calculating the received power at the receiver (in blue).
First, the received power is calculated at the desired base
station where the other base stations are interfering.
Interference is the unintended reception of the same
frequency caused by multipath propagation until it reaches
the receiver. In this calculation, the SINR calculation
model is shown in Fig. 7, where transmission from BS (red)
to BS (blue) with a green color path (dashed red circle) is
the desired signal, while the other red base stations do not
transmit but become interfere with the beam direction
used with angles of 30, 150, and 270 degrees. The desired
receiving power is then divided by the noise receiver
power added to the total interference power.

Figure 8 shows the SINR at frequencies of 28 and 60
GHz for the different numbers of mmWave MIMO
antenna elements, namely 4, 8, 16, and 32. In general, the
signal quality of the mmWave MIMO network will be
higher as the number of elements used increases. Then,
the SINR generated by the mmWave MIMO 28 GHz
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network is higher than the 60 GHz network. For example,
for a 4-element antenna, the SINR at 28 GHz is 24.57 dB,
while the SINR at 60 GHz is 14.28 dB. Then the SINR
gap between the two frequencies is significantly different,
which is 10.29 dB. However, the SINR difference will be
smaller when there are many mmWave MIMO antennas,
for example, 32 dB, where the SINR at 28 GHz is 28.58
dB, and the SINR at 60 GHz is 25.95 dB. Then the
difference in SINR on the two network frequencies is
getting smaller, namely: 2.63 dB. A high SINR will result
in better-received signal quality.
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Fig. 7. SINR patterns mmWave MIMO with 8-antenna.
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4.3. Throughput

The throughput simulation results of the mmWave
MIMO network at frequencies of 28 and 60 GHz can be
seen in Fig. 9. The resulting throughput indicates that the
greater the number of antenna elements, the greater the
throughput. Consequently, the mmWave MIMO network
at 60 GHz has a higher throughput than the mmWave
MIMO network at 28 GHz. In addition, the difference in
throughput between the two frequencies will grow as the
number of antenna elements increases. For instance, the
throughput of a 4-element antenna at 28 GHz and 60
GHz is 24.24 Mbps and 45.90 Mbps, respectively, for a
difference of 21.66 Mbps in throughput. Using 32 antenna
elements, the throughput for each frequency of 28 and 60
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GHz is 98.25 Mbps and 194.88 Mbps, respectively. This
demonstrates that the throughput of the 60 GHz
mmWave MIMO network is nearly double that of the 28
GHz mmWave MIMO network. Consequently, if
throughput is vital to the mmWave MIMO network, the
60 GHz frequency is the optimal choice.
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Fig. 9. Throughput of mmWave MIMO 28 dan 60 GHz.

4.4. Energy Efficiency

As previously mentioned, energy efficiency is
important in designing high-frequency mmWave MIMO.
However, energy efficiency is highly dependent on the
network's energy consumption level and is also influenced
by the number of MIMO antennas used. For this reason,
the power consumed by the network is calculated by Eq.
(9) for the number of antennas: 4, 8, 16, and 32. The
simulation results of power consumption on each
mmWave MIMO network are shown in Fig. 10.

1400
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S
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Number of antennas

Fig. 10. Power consumption of mmWave MIMO with
various antennas.

Figure 10 shows the power consumption of 4, 8, 16,
and 32 antennas on the mmWave MIMO network, 370,
480, 701, and 1143 W, respectively. The results of this
power consumption will be used to determine energy
efficiency. In addition, energy efficiency is affected by the
coverage area of the base station, the number of users, the

bit rate, and the throughput of each mmWave MIMO 28
and 60 GHz network. The results of the energy efficiency
simulation can be seen in Fig. 11.
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Fig. 11. Energy efficiency of mmWave MIMO 28 and 60
GHz.

Figure 11 shows the energy efficiency of the 28 and
60 GHz mmWave MIMO network based on the coverage
area that has been simulated in Fig. 5. The number of
antenna elements in a mmWave MIMO network has a
significant impact on its effectiveness. However, multiple
antenna elements do not always result in high energy
efficiency. For example, the energy efficiency of both
mmWave MIMO networks increases when the number of
antenna elements is increased to 16, but decreases when
the number of antenna elements is increased to 32. Using
a l6-element antenna, mmWave MIMO networks on
cither the 28 or 60 GHz frequency band ate thus energy
efficient. The mmWave MIMO 28 GHz network is
therefore more energy effective than the mmWave MIMO
60 GHz network. With 16 antenna elements, the energy
efficiency of the 28 GHz and 60 GHz mmWave MIMO
networks is 83,132 and 41,568 Mbps.Km?2/Watt,
respectively. Then, the average energy efficiency of the
mmWave MIMO 28 GHz network for all antenna
elements is approximately twice that of the mmWave
MIMO 60 GHz network.

Table 4 summarizes the results of the performance
evaluation of the mmWave MIMO network design for the
28 and 60 GHz frequencies. Except for throughput
parameters, the summary results indicate that the 28 GHz
mmWave MIMO network has several advantages over the
60 GHz mmWave MIMO network. Therefore, the
mmWave MIMO 28 GHz network could be implemented
in urban areas, particularly in Banda Aceh City.
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Table 4. Summary performance factors of mmWave
MIMO 28 and 60 GHz networks.

Performance 28GHz 60 GHz
indicator

Coverage wider narrow
SINR high low
Throughput low high
Efficiency energy high low

5. Conclusions

This paper has designed and evaluated mmWave
MIMO networks for 28 and 60 GHz frequencies in an
urban area. The designed mmWave MIMO network takes
into account multiple base stations (BS) in an urban
location (a case study of the city of Banda Acch), with each
BS serving 20 user equipment (UEs). For the operational
viability of the designed network, crucial parameters such
as network parameters, coverage, and BS power
consumption have been considered. The performance
parameters of the designed mmWave MIMO network
were then evaluated based on coverage, SINR, throughput,
and energy efficiency. The network performance was
evaluated using Matlab programming for the mmWave
MIMO with different antenna elements: 4, 8, 16, and 32.
The simulation results indicate that the number of
antennas impacts the performance of mmWave MIMO
networks operating at 28 GHz and 60 GHz. The
performance evaluation revealed that the mmWave
MIMO 28 GHz network offers superior coverage, SINR,
and energy efficiency compared to the mmWave MIMO
60 GHz network. Additionally, the mmWave MIMO 28
GHz network has the maximum energy efficiency with its
sixteen antennas. However, the transmission of the
mmWave MIMO 28 GHz network is less than that of the
mmWave MIMO 60 GHz network. However, the
mmWave MIMO 28 GHz network is more prospective
for implementation in urban areas than the mmWave
MIMO 60 GHz network, particularly in Banda Acch city.
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