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Abstract: - The rapid delivery of information and the increasing number of users on mobile services is a big problem. This problem occurs
in urban areas. The case taken is the city of Denpasar, Bali-Indonesia. The solution to this problem is through cellular technology. Currently,
5G mobile technology is developing. With 5G cellular technology, fast information delivery and an increasing number of users on mobile
services can be overcome. So this research is about technical studies of 5G systems. The technical study is in the form of an analysis of
the planning and implementation of 5G cellular technology in the Denpasar city area. The technical study still maintains local wisdom in
the form of using banjar halls to place towers. The results achieved in the planning and implementation are determining the area of Denpasar
City, specifying 5G system frequency bands, designing a rooftop tower, calculating cell coverage distance, farthest receiving power, cell
capacity, and cell mapping. Next, cell mapping was carried out in the banjar hall with antenna heights of 13 m, 18 m, and 22 m respectively.
The number of cells obtained was 35, 33, and 2. Meanwhile, by making the antenna height 22 m at the banjar hall, the number of cells
will be 70. So the total number of cells to cover the Denpasar city is 139 cells placed in banjar hall and the other 69 cells are placed at
outside the Banjar hall.
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I. INTRODUCTION

The rapid delivery of information and the increasing number of users on mobile services is a big problem. This
problem occurs in urban areas. The case taken is the city of Denpasar, Bali-Indonesia [1] . To overcome this
problem, an increase in information and communication networks is needed that can serve all customer needs in
quantity and quality, one of which is the availability of a 5G system.

The introduction of 5G cellular technology to the younger generation in welcoming the new era through pre
and post-tests [2], [3][4]. The implementation of cellular technology from 1G to 4G in Indonesia is always late,
so this research is expected to provide an initial description of the preparation of 5G technology in Indonesia.
Indonesia needs to map out the main requirements for the 5G system according to the conditions and situation in
Indonesia so that a 5G system roadmap can be prepared [5] [6]. An analysis of Indonesia's readiness to face 5G
technology through developing strategies using the SWOT method [7], [8] [9]. 5G cellular technology is one of
the applications that can be used in the high altitude platform station (HAPS) system as an alternative
telecommunication technology to complement existing terrestrial and satellite systems. Communication between
devices (device to device, D2D) aims to distribute traffic loads to communication between devices and reduce the
load on the main network [10]. The development of the fifth generation (5G) has been driven by many new
breakthroughs in various fields such as carrier aggregation (CA), licensed assisted access (LAA), massive MIMO
(MaMi), cooperative spectrum sensing (CSS), compressive sensing (CS) and others [11], [12] [13].

Through a review of several studies, it is clear that the 5G system is only in the introduction, preparation, and
development stages. In this research, a technical study of the 5G cellular technology implementation in the
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Denpasar city will be carried out. In technical studies on the 5G system, we always maintain the preservation of
Balinese culture. Technical studies in the form of cell coverage, tower design, number of cells needed, minimum
acceptability for the farthest areas, and cell capacity are mapped to service areas using Google Earth. Cell mapping
in the Denpasar city by maintaining local wisdom using banjar halls.

The structure of the presentation in this paper is to explain the 5G system and research literature review, the
steps and parameters of the 5G system, results and analysis, and conclusion.

Il. RESEARCH METHOD
. 5G System Architecture

The 5G network architecture consists of a cloud radio access network (C-RAN), transport layer, and core network
[14], [15]. This architecture can be seen in Figure 1 [16].
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C-RAN is a radio access network that allows large-scale networks supported by collaborative radio networks
and a collection of several ports connected to all devices on the base transceiver station (BTS) . Next, there is the
transport layer is today's wireless communications and uses the latest common public radio interface (CPRI)
standard, coarse or dense wavelength division multiplexing (CWDM / DWDM) technology [12], [17]. Finally,
there is the core network, a network that can be divided into 2, namely combined control entity (CCE) and
combined data gateway (CDG) [18].

. ERC Report 68 Radio Propagation

Propagation is the process of propagating electromagnetic waves from one place to another. The propagation
model suitable for the 5G system is the European radio communications committee Report 68 [19]. ERC Report
68 is a modified Hata radio propagation model. The path loss for the ERC Report 68 radio propagation model in
the urban area are:

L = 69,6+ 26,2log(f) — 13,82log (max
{30, H,}) + [44.9 — 6.55log (max (max (1)

{30, Hy}(log (d))* — a(Hp) — b(H))]

where:
f . frequency between 150 - 1500 MHz
H, : transmitter antenna height (BTS) between 1 - 200 m
H,, : receiver antenna height (MS) between 1 - 200 m
d . distance between Tx-Rx between 1 - 100 km
a(H,) : correction factor for MS antenna height
b(H,) :  correction factor for BTS antenna height
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While the correction factor for MS and BTS antenna height can be calculated by the following equation:

a(Hm) = (1,11og(f) — 0,7) min{10, Hm} -
(1,56log(f)-0.8)+max{0, 20log 2
(Hm/10)}

b(Hb) = min{0, 20 log (Hb/30)} 3)

. Fade Margin

Fade margin is the acceptable reserve power level, which must be or exceed the value required for the minimum
level of performance of the specified system. Fade Margin is determined by the following equation [11][20]:

Fn =B — Ry (4)
where:
E, : fade margin (dB)
B, . received signal power (dBm)
Ppmin - minimum received signal power (dBm)

. Cell Area and Cell Capacity

If it is assumed that the cell shape is hexagonal, with R is the cell distance, then the cell area can be calculated
by the following equation [21][22]:

Acey = 2,6R? )
where:
Acen o cellarea (km?)
R : cell distance (km)

Meanwhile, the cell capacity needed to cover the service area is determined by the[21] [22]

Meen = Aarea/Acen (6)
where:
Moy . cell capacity
Agrea .  coOverage area (km?)
Acen o cellarea (km?)

. Cell Mapping in Service Areas

In cell mapping, cells are made to coincide with each other so that communication runs well (no drop calls)
and has high reliability. To find out the need for the number of cells in the service area, it is necessary to map
cells using Google Earth software. Google Earth is a virtual globe program which is actually called Earth Viewer
and was created by Keyhole, Inc.

Steps And Parameters of the 5G System

The development of the 5G system cellular network starts with defining the parameters of the 5G system,
determining the location of service areas, and the methods used in planning. The next step is to determine the
propagation model, namely ERC Report 68. Next, calculations are carried out, namely calculating the farthest
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received power, cell coverage, and cell capacity for service areas. The next step is to map the cells in the service
area. After these steps, an evaluation and analysis are carried out. These steps can be seen in Figure 2.

From Figure 2, at the define 5G parameters and service area stage, the 5G system parameters used in the
technical study are determined. After that, determine the service area and always maintain the local wisdom that
is applied. In the radio propagation model stage, a review of the appropriate radio propagation model is carried
out. Selected ERC Report 68 radio propagation model. The calculation and analysis stage involves calculating the
number of banjar halls in the service area, rooftop tower design, calculation of cell coverage distance, receiver
power, cell coverage area, and cell capacity. The cell mapping stage involves mapping the number of cells using
Google Earth software. The final stage is to draw conclusions from the results achieved.
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Fig. 2 5G system implementation steps
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The 5G system has not been implemented in Indonesia until now. Thus, in this study, the 5G system
specifications issued by 3GPP were used. The specifications for frequency bands and devices used in the 5G
system can be seen in Table 1.

TABLEI
DEVICE SPECIFICATIONS OF THE 5G SYSTEM
Parameter Nilai Uplink Nilai Downlink
Frequency Band (MHz) 824 — 849 869 — 894
Data Rate 256 Kbps
Transmitter (Tx)
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Tx Antenna Gain 0 dBi 8 dBi
Cable Loss 1dB 3dB
Receiver (Rx)

Antenna Gain 8 dBi 0 dBi
Body Loss 3dB 1dB
Receiver Noise Figure 5dB 7dB
Receiver Implementation Margin 2dB 2dB
Receiver Sensitivity for Data Channel -96,93 dBm -93,35 dBm
Shadow Fading Margin for Data Channel Penetration 4,89 dB 4,89 dB
Margin 9 dB 9dB

I1l. RESULTS AND DISCUSSION

The results achieved in this study are the geographical conditions of Denpasar City, rooftop tower design, 5G
system specifications, ERC Report 68 radio propagation model, calculation of coverage distances for uplink and
downlink directions, calculation of reception power, coverage area, 5G system cell capacity, and cell mapping in
service area.

. Geographical Conditions of Denpasar City

The administrative area of Denpasar City is 130.48 km? and is divided into 4 sub-districts which include West
Denpasar (24.13 km?), East Denpasar (22.54 km?), South Denpasar (49.99 km?) and North Denpasar (31.12 km?)
[23]. The sub-district area is divided into several villages, each consisting of several hamlets. Besides the official
village, there are also traditional villages, each of which consists of several traditional banjars. There is no
overlapping between official villages and traditional villages, on the contrary, there is harmony and mutually
supportive cooperation. The number of villages and banjars in the Denpasar City government can be seen in Table
2 [5].

Table 2 shows that there are 399 official banjars and 322 traditional banjars. By utilizing the location of the
banjar hall as a place to place a rooftop tower for cellular system antennas, the advantage that the banjar hall gets
is to receive contract fees from the provider which can later be used for the maintenance or development of the
banjar hall. Or it can be used for traditional ceremony fees at the banjar hall. Another advantage that will be
obtained by the community is that by placing the tower at the banjar hall, later it can be negotiated with the
provider to provide free internet at the banjar hall as a form of corporate social responsibility (CSR) provided by
the provider. If this can be realized, then in the future children, youth or adults will come to the banjar hall with
laptops or gadgets. On the government side, regular towers will be developed according to predetermined
coordinates to make it easier to arrange them later. Meanwhile, on the provider side, there will be guarantees for
a healthier communication business, because the coordinates offered by the government have been mutually
agreed upon.
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TABLE Il
NUMBER OF SUB-DISTRICTS/OFFICES/BANJARS IN THE GOVERNMENT OF DENPASAR CITY
_ . Sub- Villages Banjar
No | Districts Capital district | Official | Traditional | Official | Traditional
1 Denpasar Peguyangan 3 8 10 98 75
Utara
2 Denpasar Kesiman 4 7 12 85 95
Timur
3 Denpasar Sesetan 6 4 11 104 87
Selatan
4 Denpasar Pemecutan 3 8 2 112 65
Barat Kaja
Denpasar City 16 27 35 399 322

B. Rooftop Tower Design

The Denpasar City is located on the island of Bali, which is a tourist destination. Under these conditions, the
construction of physical facilities and infrastructure must always be considered and still maintain local wisdom
and comply with regional/government regulations [24]. The Mayor of Surabaya Regulation of 2008 and the
Regional Regulation of the Province of Bali concerning spatial planning number 16 of 2009 article 95 paragraph
2 point b states that the height of buildings that utilize air space above the earth's surface is limited to a maximum
of 15 (fifteen) meters, except for public buildings and special buildings that require a height requirement of more
than 15 (fifteen) meters, such as telecommunication towers. In addition, the area of Denpasar City has an area that
is not wide and dense with buildings. So that the towers used in this plan are towers that are placed on top of a
building.

This tower is called the rooftop tower. Under these conditions, in planning for the rooftop tower, use the banjar
hall in Denpasar City. A rooftop tower with three heights where the height includes the poles on the rooftop tower.
The three rooftop tower heights for the Denpasar City area are as follows [25] :

a. The height of 13 meters is used for buildings with 1 floor.
b. The height of 18 meters is applied to buildings with 2 floors.
c. The height of 22 meters is used because of the maximum height limit for buildings in Denpasar City.
The rooftop tower that stands at the banjar hall can be seen in Figure 3.
C. Calculation of Cell Coverage Distance in 5G Systems

To calculate the cell coverage distance of the 5G system, we must first know the frequency band, rooftop
tower equipment specifications, and the maximum allowable path loss (MAPL) value. In implementing the 5G
system so that communication runs well, uplink and downlink communication are taken into account. Calculation
of the MAPL value for 5G systems based on 3GPP device specifications can be seen in Table 3.

Fig. 3 Rooftop tower at banjar hall

126



J. Electrical Systems 20-11s (2024): 121-133

TABLE Il
MAPL 1S BASED ON 3GPP DEVICE SPECIFICATIONS
Parameter Uplink Downlink
Transmitter — NR
a. Tx Power 23dBm 23dBm
b. Tx Antenna Gain 0 dBi 8 dBi
c. Transmit Array Gain 0dB 15dB
d. Data Channel Power Loss Due to Pilot 0dB 0dB
e. Cable Loss 1dB 3dB
f. EIRP 22 dBm 66,11 dBm
Receiver — UE
g. Antenna Gain 8 dBi 0 dBi
h. Body Loss 3dB 1dB
i Receiver Noise Figure 5dB 7dB
j. Thermal Noise Density -174 dBm/Hz -174 dBm/Hz
k. Receiver Interference Density for Data Channel -165,7 dB/Hz -169,3 dB/Hz
l. Total Noise Plus Interference Density for Data -164,03 dBm/Hz -164,99 dBm/Hz
Channel

m. Occupied Channel Bandwidth for Data Channel 5760000 Hz 18360000 Hz
n. Effective Noise Power for Data Channel -96,43 dBm -92,35 dBm
0. Required SNR for the Data Channel -2dB -2,5dB
p. Receiver Implementation Margin 2dB 2dB
g. H-ARQ Gain for Data Channel 0,5dB 0,5dB
r. Receiver Sensitivity for Data Channel -96,93 dBm -93,35 dBm
S. Hardware link budget for Data Channel 141,98 dB 159,46 dB
t. Log Normal Shadow Fading Deviation 6 dB 6 dB
u. Shadow Fading Margin for Data Channel 4,89 dB 4,89 dB
V. Diversity Gain 0dB 0dB
w. Penetration Margin 9dB 9dB
X. Other Gain 0dB 0dB

MAPL 125.09 dB 144,57 dB

Based on calculations with the equipment specifications contained in Table 3, the MAPL values for the uplink
and downlink directions are 125.09 dB and 144.57 dB.

After the frequency band, rooftop tower device specifications of the 5G system, and MAPL are known, the 5G
system cell coverage distance is calculated using equation (1).

From equation (1), we will look for the value of d.
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Before calculating the d value, it is necessary to calculate the a(Hm) and b(Hb) values which are the correction
factors for the MS and BTS antenna heights using equation (2) and (3).

From the planning of the 5G system, there are three BTS antenna heights using the banjar hall, namely 13 m,
18 m and 22 m. The calculation for the BTS antenna height correction factor of 13 m is -7.2636 dB. For BTS
antenna heights of 18 m and 22 m, correction factors of -4.4370 dB and -2.6940 dB are obtained, respectively.
The results of this calculation indicate that the BTS antenna height correction factor increases in proportion to the
increase in antenna height.

1) Calculation of 5G System Cell Coverage Distance in Uplink Direction

After the parameters are known, then proceed to calculate the value of d which is the cell coverage distance for
a BTS antenna height of 13 m is 0.5793 km. For BTS antenna heights of 18 m and 22 m, the cell coverage distance
obtained are 0.6969 km and 0.7809 km respectively.

2) Calculation of 5G System Cell Coverage Distance in Downlink Direction

In addition to the uplink direction, the calculation of the 5G system cell coverage distance is also carried out in
the downlink direction. After the parameters are known, then proceed to calculate the value of d which is the cell
coverage distance for a BTS antenna height of 13 m is 2.0703 km. For BTS antenna heights of 18 m and 22 m,
the cell coverage distance obtained are 2.4905 km and 2.7910 km respectively.

D. Calculation of Cell Coverage Distance in 5G Systems

Radio communication, especially cellular systems, in its electromagnetic wave propagation is affected by
fading. Fading is a natural phenomenon of information signal propagation due to the influence of the surrounding
environment. Fading will cause fluctuations in the power of the received signal or may cause radio communication
failure. In order to increase the reliability of the received signal power, the communication planning for the 5G
system is given a fade margin. So that the calculation of the received signal power after adding the fade margin
can be calculated by using equation (4):

Fn, =P —R,

The fade margin and receive sensitivity values of the 5G system to be implemented can be seen in Table 3. So
that the received signal power in the uplink direction is as follows:

P.=-9693+9
P. = —87.93 dBm
In the same way, the received signal power in the downlink direction is -84.35 dBm.
E. Calculation of Cell Coverage Distance in 5G Systems

Figures The area of cell coverage in a 5G system is affected by the shape of the cell and the distance of the cell
coverage. The cell coverage is assumed to be hexagonal in shape. So that the calculation of cell coverage area in
a 5G system can be calculated by using equation (5):

Ao = 2,6R?

From the previous calculation, the cell coverage distance has been calculated for both the uplink and downlink
directions. The cell coverage distance values for the uplink direction are 0.5793 km, 0.6969 km and 0.7809 km.
While the cell coverage distance values for the downlink direction are 2.0703, 2.4905 km, and 2.7910 km. In
planning this 5G system, the uplink direction, the cell coverage distances of 0.5793 km, 0.6969 km and 0.7809
km are used (which are shorter distances than the downlink direction). This is based on the consideration that 5G
system communications have high reliability. Thus, the area of cell coverage in a 5G system can be calculated as
follows:

Agoyy =~ 2.6(0.5793)2
Acell ~ 0.8725 km2
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In the same way, the cell coverage area in the 5G system for cell coverage distances of 0.6969 km and 0.7809
km is obtained respectively 1.2627 km? and 1.5855 km?.

. Calculation of Cell Capacity in 5G Systems

The cell capacity in a 5G system is the number of cells or rooftop towers needed to cover the Denpasar City
area. In the previous subsection, it was known that the area of Denpasar City is 130.48 km?2. The calculation to
determine the cell capacity using equation (6):

Mcell = Aarea/Acell

Next, calculating the cell capacity for the cell coverage area in the 5G system of 0.8725 km? 150. In the same
way, the cell capacity of the 5G system for a cell coverage area of 1.2627 km? and 1.5855 km? is obtained as 103
and 82 respectively. These results indicate that to cover the Denpasar City area, the number of cells needed is 150
cells (for height 13 m), 103 cells (for height 18 m), and 82 cells (for height 22 m). Thus, the cell coverage distance,
cell coverage area, and cell capacity in the 5G system for the Denpasar City area can be seen in Table 4.

TABLE IV
CELL CAPACITY IN THE 5G SYSTEM FOR THE DENPASAR CITY AREA

Tower Height Cell Capacity
Distance (d) (km) CoveragekArzea (Acen)
(m) ( m ) (Mcell)
13 0.5793 0.8725 150
18 0.6969 1.2627 103
22 0.7809 1.5855 82

. Cell Mapping in the 5G System in Denpasar City

Through calculations it has been obtained that to cover the Denpasar City area, the number of cells or towers
required is 150 units (for a height of 13 m), 103 units (for a height of 18 m), and 82 units (for a height of 22 m).
Apart from going through calculations, to find out the need for the number of cells in the Denpasar City area, it is
necessary to map cells using Google Earth software. In cell mapping, cells are made to coincide with each other
so that communication runs well (no drop calls) and has high reliability. The cell that is applied is the rooftop
tower  which is prioritized to be placed in the banjar hall. It is known that there are 399 banjar halls in Denpasar
City with coordinate points for each. Mapping the number of banjar halls as many as 399 banjar halls that already
have coordinate points on Google Earth can be seen in Figure 4.

Fig. 4 Mapping banjar hall through coordinate points

From Figure 4 it can be seen that the position of the banjar halls is that some are too close and some are too
far from other banjar halls and do not yet cover the entire area of Denpasar City Thus, it is necessary to select the
banjar hall which will be used as a rooftop tower. So that in planning the 5G system, priority is given to the use
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of banjar hall as a rooftop tower, so in this mapping, we will start from Banjar Hall “Balun” which is located at
longitude 115.186828° and latidute 8.64875° and Banjar Hall “Sari” which is located at longitude 115.20205° and
latidute 8.652116°. This is because the two banjar halls are existing banjar halls that have been installed with
rooftop towers.

The steps for cell mapping to find out the need for the number of cells in the Denpasar City area are:
Counting the number of cells in Denpasar City.
Mapping the number of banjar halls through their coordinates.

Choose a banjar hall according to the desired coverage distance. The reference point used is the existing banjar
hall (a rooftop tower has been installed).

Changed the height of the cell antenna to 22 m and mapped the cell again.
Increase the number of cells outside the banjar hall to cover the Denpasar City area and map the cells again.

From these steps, the results of cell mapping for cell coverage in the Denpasar City area can be seen in Figure
5. From Figure 5 it can be seen that the mapping still has many blank spot areas. From the existing 393 banjar
halls, 70 banjar halls were obtained which could be used for rooftop towers. From 70 banjar halls, there are 35
banjar halls with a height of 13 m (shown by white cells), 33 banjar halls with a height of 18 m (shown by green
cells), and 2 banjar halls with a height of 22 m (shown by blue cells).

Fig. 5 Cell mapping in the Denpasar City area

To reduce the blank spot area, a solution is needed to cover the Denpasar City area. The solution that can be
done is to increase the height of the antenna from each cell to a height of 22 m in order to produce greater coverage.
By increasing the antenna height to 22 m, the mapping results can be seen in Figure 6.

Fig. 6 Cell mapping by increasing the height of the antenna
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From Figure 6 it can be seen that there are still blank spots so that they do not yet cover the Denpasar City area.
In planning for the 5G system to cover the Denpasar City area, it is necessary to add cells outside the banjar hall.
Next, a new cell mapping was carried out outside the banjar hall. The results of the cell mapping can be seen in
Figure 7.

From Figure 7 it can be seen that there are no blank spots and the cell coverage covers the Denpasar City area.
The mapping results show that the number of cells outside the banjar hall is 69 cells. Of the 69 cells there are 32
cells with a height of 13 m, 20 cells with a height of 18 m and 17 cells with a height of 22 m. So that the total
number of cells needed both in the banjar hall and outside the banjar hall to cover the Denpasar City area is 139
cells. For more details on the total number of cells needed can be seen in Table 5.

Fig. 7 Cell mapping after adding outside the banjar hall

TABLEV
CELL CAPACITY IN THE 5G SYSTEM FOR THE DENPASAR CITY AREA

Cell With Antenna Height
Parameter Cell Site
13 m 18 m 22m
The cell at the banjar hall 35 33 2
Cells in the banjar hall by increasing the 0 0 20 70
height of the antenna
Cells outside the banjar hall 32 20 17 69
Total of Cell site 32 20 87 139

IV. CONCLUSION

The improvement after analyzing the planning and implementation of the 5G system cellular technology in the
Denpasar city area, the results obtained can be concluded that first, calculation of cell coverage distance in the
uplink direction obtained 0.5793 km for an antenna height of 13 m, 0.6969 km for an antenna height of 18m and
0.7809 km for an antenna height of 22 m. While in the downlink direction, the cell coverage distance is 2.0703
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km for an antenna height of 13m, 2.4905 km for an antenna height of 18m and 2.7910 km for an antenna height
of 22m. Second, calculation of the signal receiving power in the uplink direction is -87.93 dBm and in the
downlink direction is -84.35 dBm. The cell coverage area for the 5G system is 0.8725 km?. Third, cell capacities
in the 5G system were 150, 103, and 82. These results indicate that to cover the Denpasar City area, the number
of cells required is 150 (for a height of 13 m), 103 cells (for a height of 18 m), and 82 cells (for a height 22 m).
Lastly, the results of cell mapping to cover the Denpasar City area are 139 cells where 70 cells are placed in the
banjar hall by increasing the height of the antenna and 69 cells are placed outside the banjar hall.
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