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Abstract—Spectrum valuation is necessary to help regulators set 

up new technology regulations to overcome specific conditions, 

such as area-particular treatment in industrial estates, to support 

vertical industries with wider spectrum bands and various 

frequencies. This paper delivers the results of a study on 

spectrum band valuation at various frequencies to speed up 

Indonesia's Industry 4.0. This work utilised a case study of 

industrial estates in Jakarta, Indonesia's capital, and research on 

the impact of frequency bands at 2600 MHz, 3500 MHz, 26 GHz 

and 28 GHz on three factors of an economic engineering model: 

Factor 1, the engineering side to maximise fifth generation (5G) 

cellular coverage; Factor 2, the economic side for a financial 

aspect in terms of capital expenditures (CAPEX) and operating 

expenditures (OPEX) per square kilometre and Factor 3, the 

economic side for spectrum value per MHz per population. This 

paper will be helpful for both mobile network operators (MNOs) 

and regulators. For MNOs, this study provides perceptions about 

spectrum valuation methods and provides data on the value of 

various frequencies in 5G. For regulators, it provides perceptions 

of the economic value of various frequencies in 5G, which aids 

in the assignment of costs for spectrum licenses and the 

establishment of reserve prices and intended budgets for future 

spectrum auctions. This work found that using 26 GHz/28 GHz 

(mmWave) for 5G services necessitates a greater investment in 

infrastructure than using 2600 MHz and 3500 MHz (midband). 

In the midband and mmWave bands, the population density has 

a major impact on the spectrum valuation for 5G. 
 
Index Terms—5G, spectrum valuation, 5G mmWave, 5G 

midband, 5G CAPEX and OPEX, engineering-economic model 

I. INTRODUCTION 

In 2018, 3GPP Release 15 became the first 

comprehensive radio network for the fifth generation (5G) 

mobile technology standard. This network promised a low 

latency of less than 1 ms, low cost and low power 

consumption. The peak data throughput was predicted to 

be 10 gigabits per second (Gbps), with support for up to 20 

Gbps under certain scenarios with an operating spectrum 

in the low, mid and mmWave band [1]. 5G usage scenarios 

described by the International Telecommunication Union 

Radiocommunication Sector (ITU-R) include an improved 

mobile broadband, ultra-reliable and low-latency 

communications and massive machine-type 

communications. Not only may 5G be used for human-to-

human communication, but it can also be used for human-

to-machine and machine-to-machine communication, 

making 5G particularly helpful in industrial scenarios in 

the future. 

5G will transform the industry into a smart environment, 

with 5G serving as the critical infrastructure for the 

Industry 4.0. Smart manufacturing, autonomous drones, 

safety and security, smart logistics, augmented reality 

(AR)/virtual reality (VR), smart healthcare, smart homes, 

smart energy and smart transportation are all examples of 

things that can become specific, measurable, achievable, 

relevant, and time-bound (SMART). 

As the world's fourth-largest market, Indonesia is a key 

market for 5G [2], particularly in the industrial sector. 

Indonesia has a potential 5G market: it has 25 large 

container terminals in 17 cities; 28 international airports; a 

booming oil and gas industry, which ranks 10th in the 

world in terms of natural gas production with a production 

share of 6.7 percent, and 98 industrial estates across the 

country [3]. 

Indonesia has the world's fourth-largest population at 

around 264.16 million people and a land mass of almost 2 

million km2 divided into 13,000 islands. The country’s 

population is not uniformly distributed over its topography, 

with roughly 60% of the population concentrated on Java 

Island and 20% on Sumatra Island [4]. 

 

 
Fig. 1. Mobile broadband frequency allocation for MNOs in Indonesia 

[5].  
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PT Telkomsel, PT XL Axiata (XL), PT Indosat, PT 

Hutchison 3 Indonesia (H3I), PT Smartfren (SF), PT Smart 

Telecom (ST) and PT Sampoerna Telekomunikasi 

Indonesia (STI) are among the licensed Indonesian mobile 

network operators (MNOs). The frequency distribution of 

mobile broadband in Indonesia is depicted in Fig. 1 [5].  

Human-related applications, scarcity and the 

development or utilisation circumstances all influence the 

value of the spectrum frequency band resource [6]. 

Spectrum valuation is crucial for regulators to design new 

technological standards to address new conditions and 

ascertain area services, such as industrial estates with a 

wider spectrum band. 

Researchers have proposed adjustments to engineering-

economic models from prior research [7]–[9] to estimate 

5G spectrum values to boost broadband expansion in 

industrial locations for accelerating Industry 4.0. In 

previous research [9], researchers did an initial analysis on 

the valuation of the mmWave spectrum for 5G technology. 

This study only investigated mmWave frequencies with 

relatively limited capital expenditures (CAPEX) and 

operating expenditures (OPEX) parameters. In the current 

investigation, the researchers included two midband 

frequencies, 2600 MHz and 3500 MHz. The addition of 

these frequencies was intended to extend the possibilities 

for the valuation of spectrums that will become frequency 

candidates used by MNOs in Indonesia. 

Herein, we report our work on a valuating spectrum for 

helping regulators set up 5G technology regulations to 

overcome specific conditions and ascertain area services in 

industrial estates to support vertical industries with larger 

spectrum bands and various frequencies.  

Therefore, we constructed a new approach by merging 

various frequency bands of 2600 MHz and 3500 MHz 

(midband) and 26 GHz and 28 GHz (mmWave) on three 

variables of an engineering economic model. The first uses 

5G maximum coverage, the second uses the propagation 

model based on 3GPP 38,901 in the frequency range 

between 0.5–100 GHz and 5G CAPEX and OPEX per km2 

and the last model is the spectrum value per MHz 

population for industrial estates in Jakarta because 

industrial estates in the area have become a role model in 

the application of mobile broadband technology. 

Furthermore, practically all of these areas are classified as 

dense urban or urban. 

The following sections comprise the document. The 

introduction to 5G is covered in Section II. Section III is 

concerned with engineering-economic and parameter 

scenarios. Section IV is devoted to a discussion of the 

findings. Section V brings the research to a conclusion. 

II. 5G INTRODUCTION  

The fifth generation of mobile communication systems 

is referred to as 5G. Aside from the present network, this 

generation is part of the next major phase of the mobile 

telecommunications standard, which will follow the ITU-

R communications standards for International Mobile 

Telecommunications (IMT)-2020. In comparison to 

current technologies like Long-Term Evolution (LTE), 5G 

has significantly better throughput. As a result, this enables 

the deployment of cutting-edge wireless services [10]. 

The user experience data rate (Mbps), peak data rate 

(Gbps), mobility (km/h), latency (ms), network energy 

efficiency, traffic capacity (Mbit/s), connection density 

(devices/km2) and spectrum efficiency are the eight 

parameters of IMT-2020 capability (Fig. 2). 

 
Fig. 2. The eight parameters of IMT-2020 capability [10]. 

The primary spectrum alternatives towards 5G in its 

first stage around the world are around 2.6 GHz, 3.5 GHz 

and mmWave at 26 GHz and 28 GHz with time division 

duplex (TDD) technology. This is the upcoming 

generation of technology aimed at improving the service 

transmission speed and consequently bringing through 

innovative new services in the vertical industrial sphere. 

5G Usage Scenario 

The IMT-2020 usage scenarios for 5G are enhanced 

mobile broadband (eMBB), ultra-reliable and low-latency 

communication (uRLLC) and massive machine type 

communication (mMTC). All capabilities may be 

important to some extent in most usage circumstances. The 

importance of individual critical competencies, however, 

can change dramatically depending on the circumstances. 

The significance of each important parameter for eMBB, 

uRLLC and mMTC is depicted in Fig. 2. The 5G usage 

scenario is depicted in Fig. 3. 

 
Fig. 3. 5G usage scenarios [10]. 

Different Frequency Band Options in 5G 

5G New Radio (NR) is a mobile broadband technology 

that can deliver multi-Gbps data rates by leveraging 

different frequencies from the low band, midband and 

mmWave (high) band as a way of generating capacity. Fig. 

4 depicts the 5G radio spectrum coverage and services in 

various coverage locations [11]. 

Journal of Communications vol. 17, no. 4, April 2022

©2022 Journal of Communications 295



Low band:  

This spectrum is at a frequency lower than 1 GHz to 

enable widespread 5G coverage. There are 700 MHz, 800 

and 900 MHz for this frequency band. 

Midband: 

A higher frequency spectrum between 1 and 6 GHz that 

gives the capacity required to assist an enormous amount 

of linked equipment while also allowing for faster rates for 

devices connected together. This frequency band has the 

following frequencies: 1800 MHz, 2100 MHz, 2300 MHz, 

2600 MHz, 3300 MHz and 3500 MHz.  

High band (mmWave):  

This spectrum has an enormous bandwidth, a small 

coverage area, minimal latency and increased capacity at 

frequencies above 24 GHz [11]. These bands have 

frequencies of 26000 MHz and 28000 MHz. 

 

Fig. 4. Different frequency band options and their coverage in 5G [11]. 

The Indonesian Telecommunication Regulator 

determines the frequency band candidates to be used for 

IMT-2020 or 5G [12], [13]. Table I shows the 5G 

frequency band candidates in Indonesia. The bands were 

chosen from several factors. The primary factor is the 

worldwide frequency band test ecosystem and the 

availability of the equipment utilised by MNOs.   

TABLE I: CANDIDATES FOR 5G FREQUENCY BANDS IN INDONESIA 

NR operating 

band 

Frequency band 

(MHz) 

Potential 

bandwidth 

(MHz) 

n28 
700 90 

n40 
2300 90 

n41 
2600 190 

n77 
3300 100 

n78 
3500 200 

n258 26000 2750 

n257 28000 2500 

 

Pulogadung Industrial Estate 

The Pulogadung Industrial Estate is an area where the 

processing industry is concentrated and is equipped with 

infrastructure, amenities and other sustaining facilities 

administered by an Industrial Estate Company located in 

Pulogadung. 

The Pulogadung Industrial Estate is located at 6° 11 54, 

106°545 in East Jakarta City, DKI Jakarta Province. This 

area reflects the regional government's implementation of 

industrial operations combined in a particular area with the 

goal of ensuring that the growth of industrial zones is not 

excessively spread out across various parts of the city. The 

Pulogadung Industrial estate is intended to be a green 

industrial development. 

PT Jakarta Industrial Estate Pulogadung (JIEP) is a 

BUMN/BUMD company owned equally by the Indonesian 

government and the regional government of DKI Jakarta 

Province. JIEP is the developer and manager of the 

Pulogadung Industrial Estate, a 500 ha integrated industrial 

estate. Fig. 5 shows the Pulogadung Industrial Estate [14]. 

 

 

Fig. 5. Pulogadung industrial estate [14]. 

III. RESEARCH METHOD 

A. Engineering-Economic Models and Parameters 

Scenario 

The engineering analysis side of this study used 

coverage planning for the 5G NR network, which will take 

place in a Jakarta industrial estate. In this study, the 

frequency bands n41, n78, n257 and n258 were used as 

possible frequency bands. The coverage computation then 

used the maximum permitted path loss value and maximal 

cellular coverage. 

The economic analysis side of this study calculated 

CAPEX and OPEX input parameters to generate the net 

present value (NPV) output and spectrum value per MHz 

per population. 

In the next part, three engineering-economic model 

parameters will be discussed: 

Factor 1, the engineering side to maximise cellular 

coverage. 

Factor 2, the economic side for financial aspect in terms 

of CAPEX and OPEX per km2. 

Factor 3, the economic side to determine the spectrum 

value per MHz per population. 
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Factor 1: The engineering side to maximise cellular 

coverage 

The maximum cellular coverage is the farthest distance 

that the approved signal intensity can cover from the cell 

site's centre to cellular devices. 

Data gathering of the suggested link budget assumptions 

for the 5G NR network was carried out to obtain the 

maximum distance between the cell and the user terminal 

(UT) or cellular devices.  

The 3GPP 36,901 propagation model was used to 

calculate the link budget assumption data. This model was 

applied to frequency ranges from 2–6 GHz and was then 

expanded to 0.5–100 GHz for urban macrocell (UMa), 

urban microcell (UMi), indoor hotspot (InH) and rural 

macrocell (RMa) [15]–[17]. 

The propagation models used in this study were (1) to 

(4): 

3D-UMi Line of Sight (LOS) Propagation Model 

PL = 40log10 (d3D) + 28.0 + 20log10 (fc) – 9log10 ((d’BP)2 

+ (hBS – hUT)2)     (1) 

3D-UMi Non-Line of Sight (NLOS) Propagation Model 

PL3D-UMi-NLOS = 36.7log10 (d3D) + 22.7 + 26log10 (fc) 

– 0.3(hUT –1.5)       (2) 

InH LOS Propagation Model 

)(log20)(log3.174.32 103D10LOSInH cfdPL ++=−
                   (3) 

InH NLOS Propagation Model 

( ) ( )cfdLP 103D10NLOSInH log9.2430.17log3.38 ++=
−

             (4) 

where LOS/NLOS represent line of sight/non-line of sight, 

PL represents path loss, fc denotes the frequency centre 

(Hz), c = 3*108 m/s represents the propagation velocity in 

free space, h'BS and h'UT denote the effective antenna 

heights at the base station (BS) and UT and d3D signifies 

the resultant distance between hBS and hUT (m). 

The radio link budget parameter principle from the 

central site to the user terminal is depicted in Fig. 6. The 

radio link budget parameters for calculating the farthest 

distance between the cell site's centre and the cellular 

equipment are shown in Table II [15], [16], [18], [19]. 

 

 

Fig. 6. Radio link budget principle [15], [16]. 

TABLE II: SYMBOLS, PARAMETERS AND VALUES FOR 5G RADIO LINK 

BUDGET [15], [16], [18], [19]  

Symbols Parameters Midband mmWave 

A 
gNB transmitter 

power (dBm) 
49 49 

B Resource block (RB) 273 132 

C Subcarrier quantity 3276 1584 

D 
gNB antenna gain 

(dBi) 
2 2 

E 
gNodeB cable 

loss(dBi) 
0 0 

F Penetration loss (dB) 22 38 

G Foliage loss (dB) 19 19 

H Body block loss (dB) 8 15 

I 
Interference margin 

(dB) 
6 1 

J Rain//ice margin (dB) 0 3 

K 
Slow fading margin 

(dB) 
8 8 

L 
User Terminal 

antenna gain (dB) 
0 0 

M Bandwidth (MHz) 100 100 

N 
Boltzmann constant 

(mWs/K) 
1,38 x 10-20 1,38 x 10-20 

O Temperature (Kelvin) 293 293 

P 
Thermal noise power 

(dBm) 
-153,93 -153,93 

Q 
User Terminal noise 

(dB) 
9 9 

R 
Demodulation 

threshold SINR (dB) 
-3 -3 

 

As shown in Table II, the path loss equation is as follows: 

Path loss (dB) = A – 10 x log10 (C) + D – E – F – G – H – 

I – J – K + L – P - Q- R     (5) 

Cellular coverage is a crucial cost consideration since 

the cost of infrastructure is comparable to the number of 

required cell sites. The scenario parameters for 

determining cell coverage are shown in Table II [15]–[18]. 

Factor 2: The economic side for the financial aspect in 

terms of CAPEX and OPEX/km2 

This section details the economic model investigated for 

a non-virtualised 5G infrastructure for Indonesia's MNOs. 

The costs of installing and maintaining a cellular network 

can be calculated as OPEX and CAPEX [8], [17], [20]-[22]. 

The Capex component is denoted as follows: 

CAPEXi = 𝐶C𝑒𝑙𝑙𝑠𝑖 + 𝐶𝐵𝑎𝑐𝑘h𝑎𝑢𝑙𝑖 + 𝐶𝐶𝑜𝑟𝑒𝑖               (6)  

𝐶C𝑒𝑙𝑙𝑠𝑖 = 𝐶microcells + 𝐶picocells + Cmicrobuild + Cpicobuild 

(7) 

where CAPEXi represents the total of all CAPEX charges 

for every resource cell deployment, including devices, 

design and installation (CCellsi). The researchers only 

considered 5G microcell and 5G picocell expenditures in 

their work, and fibre optics-only backhaul for 5G transport 

(CBackhauli) and 5G core network expenditures (CCorei). 

The following is a definition of the OPEX component: 

OPEXi = 𝑂C𝑒𝑙𝑙𝑠𝑖 + 𝑂𝐵𝑎𝑐𝑘ℎ𝑎𝑢𝑙𝑖 + BHP-F + TEi    (8) 
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OC𝑒𝑙𝑙𝑠𝑖 = 𝑂microcells + 𝑂picocells + 𝑂microbuild +𝑂picobuild                                                                             

(9) 

where OPEXi is the aggregate of all OPEX charges for all 

property cells (OCellsi). The researchers mainly 

considered 5G microcell and picocell optical fibres just for 

backhaul (OBackhauli) in 5G transport, 5G core expenses 

(OCorei), tower and electricity rental (TEi) and Biaya Hak 

Penggunaan Frekuensi (BHP-F) or spectrum license fee in 

this paper. 

Cost per cell is the yearly total cost of one cell, which 

includes both CAPEX and OPEX charges. It is necessary 

to calculate the CAPEX investments at a yearly interest 

rate of i over Y years [23], [24]: 

𝑪𝒐𝒔𝒕𝒑𝒆𝒓 𝒄𝒆𝒍𝒍 = 𝑪𝑨𝑷𝑬𝑿 ∗
𝒊(𝟏+𝒊)𝒀

(𝟏+𝒊)𝒀−𝟏
+ 𝑶𝑷𝑬𝑿     (10) 

This paper modelled hexagon shapes for cell coverage 

and estimated the price per km2 [11]-[15], [21]: 

𝐶𝑜𝑠𝑡𝑝𝑒𝑟 𝑘𝑚2(𝑓) =  
𝐶𝑜𝑠𝑡𝑝𝑒𝑟 𝑐𝑒𝑙𝑙

𝐴𝑟𝑒𝑎𝑝𝑒𝑟 𝑐𝑒𝑙𝑙
=

𝐶𝑜𝑠𝑡𝑝𝑒𝑟 𝑐𝑒𝑙𝑙

2.6∗𝑟𝑚𝑎𝑥(𝑓)2                (11)   

Currently, the expenses for 5G equipment are kept 

private. However, the cost of 5G network equipment with 

improved performance is likely to be comparable to that of 

previous technology.  

Table III shows the annual CAPEX and OPEX 

assumption parameters [5], [11], [21], [17].  

TABLE III: CAPEX AND OPEX ASSUMPTION PARAMETERS 

Parameters Symbols Nominal  (Kilo IDR) 

Core 

network  core IDR 2.250,000,000 

Micro-cell 

equipment Cmicrocell IDR    550.000.000 

Pico-cell 

equipment  Cpicocell  IDR    550.000.000 

Micro build 

insertion cost Cmicrobuild  IDR    137,500,000 

Pico build insertion 

cost Cpicobuild  IDR    137,500,000 

Backhaul insertion C𝐵𝑎𝑐𝑘h𝑎𝑢𝑙insert IDR    100,000,000 

Micro-cell site 

maintenance  Omicrocell 

IDR    55,000,000 

Pico-cell site 

maintenance Opicocell  

IDR    55,000,000 

Backhaul site 

maintenance O𝐵𝑎𝑐𝑘h𝑎𝑢𝑙 IDR 30,000,000 

Number of 

backhaul  NBH  2 

Spectrum license 

fee 2.6 GHz BHP-F IDR 887,781,440 

Spectrum license 

fee 3.5 GHz BHP-F IDR 831,004,720 

Spectrum license 

fee 26 GHz BHP-F IDR 439,282,220 

Spectrum license 

fee 28 GHz BHP-F IDR 439,282,220 

Loan duration  Y  10 years 

Interest rate   i   3.5% 

Factor 3: The economic side for spectrum value per MHz 

population 

In spectrum pricing, the fundamental denomination 

used to describe spectrum value is $(dollars)/MHz 

(spectrum bandwidth) - population (POP; a resident of the 

spectrum license coverage region). 

The present value of the advantages that MNOs can 

acquire from the spectrum are like their present value, and 

the yearly net present value (NPV) is similar to the yearly 

net return on earnings minus the yearly cost [17], [23]. 

Value (f) = NPV yearly (f) 

= Area ∗ (Revenueper km
2 − Cost per km

2 (f)) 

= Area ∗ (α ∗ μPOP − Cost per km
2 (f)).                          (12) 

where μPOP denotes people who live in the spectrum 

licensing-covered region. The yearly revenue is 

comparable to μPOP, and the population density factor in 

the area is as follows: 

$
MHz − 𝑃𝑂𝑃(𝑓)⁄ =

𝛼∗𝜇𝑃𝑂𝑃− 𝐶𝑜𝑠𝑡
𝑝𝑒𝑟 𝑘𝑚2 (𝑓)

𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ∗ 𝜇𝑃𝑂𝑃
(13) 

Factor α can be acquired from Equation (14) if the 

spectrum band and Indonesia currency (IDR)/MHz-POP 

of a frequency at reference frequency f0 are acquainted, 

and the IDR/MHz-POP of the spectrum band at any other 

frequency in the same frequency range can be 

accomplished with Equation (14): 

Equation (14) can be used to calculate the α factor if the 

spectrum band and IDR/MHz-POP of a frequency at 

reference frequency f0 are known, and Equation (14) can 

be used to calculate the IDR/MHz-POP of the spectrum 

band at any other frequency in the equal frequency range. 

$
MHz−𝑃𝑂𝑃(𝑓)⁄

$
MHz−𝑃𝑂𝑃(𝑓0)⁄

=
𝛼∗𝜇𝑃𝑂𝑃− 𝐶𝑜𝑠𝑡

𝑝𝑒𝑟 𝑘𝑚2 (𝑓)

𝛼∗𝜇𝑃𝑂𝑃− 𝐶𝑜𝑠𝑡
𝑝𝑒𝑟 𝑘𝑚2 (𝑓0)

  (14) 

TABLE IV: 5G BAND, REFERENCE FREQUENCY, BANDWIDTH  

5G Band 
Reference 

Frequency f0 (GHz) 
Bandwidth (MHz) 

n41 2.6 100 

n78 3.5 100 

n258 26 1000 

n257 28 4500 

 

Table IV [23]–[25] displays the 5G band, bandwidth, 

reference frequency and $/MHz-pop values. The $/MHz-

pop values for 2.6 GHz, 3.5 GHz, 26 GHz and 28 GHz are 

derived from benchmark auction data.  

The auction benchmarks in South Korea are 3.5 GHz 

and 28 GHz, Thailand's is 2.6 GHz and Italy's is 26 GHz. 

Thailand has a population density of 153.7 people per km2, 

South Korea has a density of 531.4 and Italy has a density 

of 201,3 [25]–[27]. 
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IV. RESULT 

The input parameters for the discussion of the results 

can be seen in Tables III–V. Fig. 7–Fig. 9 show the 

findings of a 3D propagation model at 2.6 GHz and 3.5 

GHz for midband and 26 GHz and 28 GHz for mmWave. 

 

Fig. 7. Results of Factor 1: The engineering side to maximise cellular 

coverage vs. frequency. 

From the mmWave to the midband, Fig. 7 displays the 

5G maximal cellular coverage cell (m). The maximum cell 

coverage diminishes as the frequency band increases. For 

mmWave, the highest cellular coverage cells are 194.78 

meters at 28 GHz and 195.60 meters at 26 GHz. The 

highest cellular coverage cells at the midband frequencies 

of 2.6 GHz and 3.5 GHz are 617.42 meters and 608.10 

meters, respectively. As a result, the lower the frequency 

band, the larger the maximum cellular cell coverage, the 

fewer cell sites allowed to fulfil the region, and the less cell 

coverage required.  

As a result, if the frequency band is higher, MNOs will 

need to make significant investments to maintain and 

install the cellular network within the target area. As a 

result, as the frequency range widens, the cost of cellular 

network infrastructure is projected to climb. 

 

Fig. 8. Results of factor 2: Cost per km2 vs. frequency band (GHz). 

TABLE V: COST PER KM
2
 VS. FREQUENCY BAND 

Cost Per km (IDR K) vs. Frequency (GHz) 

Frequency Cost per cell Cost per km2 

2.6 GHz 
IDR 3,586,018 IDR 1,904,260 

3.5 GHz 
 IDR 3,529,242  IDR 1,931,981 

26 GHz 
 IDR 21,777,502  IDR 115,222,969 

28 GHz 
 IDR 21,777,502  IDR 116,092,732 

 

Fig. 8 and Table V show the CAPEX and OPEX per km2 

from the mmWave frequency band to the midband 

frequency in kilo Rupiah or IDR. According to projections, 

the mmWave frequency range will cost MNOs more than 

this to install and maintain than the midband frequency in 

the Pulogadung Industrial Estate. Fig. 8 depicts the 

increasing tendency for infrastructure expenses to rise 

from 2.6 to 28 GHz. 

Fig. 9 shows the spectrum value IDR/MHz population 

versus the mmWave frequency band (26 GHz and 28 GHz) 

to the midband frequency (2.6 GHz and 3.5 GHz). The 

midband frequency (2.6 GHz and 3.5 GHz) indicates that 

the appraised spectrum value is higher than the mmWave 

frequency band (26 GHz and 28 GHz). The cost variations 

for the spectrums at the two frequency band ranges 

evaluated were IDR 4,538.96 and IDR 4.363.98 for 

midband frequency and IDR 3,933.04 and IDR 2,545.70 

for mmWave, respectively (Fig. 9). For 5G spectrum 

valuation, Fig. 9 demonstrates that the midband frequency 

band is higher than the mmWave frequency band.  

 

Fig. 9. Results of factor 3: Frequency band in GHz vs spectrum 

value per MHz population in IDR 

V. CONCLUSION  

In a case study of Indonesian industrial estates, this 

study amended previous research to recommend the 

economic valuation of 5G spectrum at midband and 

mmWave for accelerating broadband growth. We applied 

engineering-economic modelling depending on three 

factors: the engineering side to maximise cellular coverage; 

the economic side for financial aspects in terms of CAPEX 

and OPEX per km2 and the economic side for spectrum 

value per MHz per population. 

For location-specific services, such as in industrial 

estates in Jakarta, spectrum frequencies of 2600 MHz, 

3500 Mhz, 26 GHz and 28 GHz were investigated. In most 

cases, as the frequency band lowered, MNOs' installation 

and operation costs lowered as well, even though the 

spectrum valuation IDR/MHz-POP increased. In 

conclusion, mmWave deployment for enhanced cellular 

broadband services requires greater infrastructure 

expenses. Population density, on the other hand, has a 

significant impact on spectrum valuation, not only in the 
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midband frequency regions, but also in the mmWave 

frequency bands. 
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