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1. INTRODUCTION

Data or internet services have become a crucial need for most people. In the pandemic, work from the
home policy has become inevitable. Demand from residents results in subscriber increase. One of the most
anticipated use cases of 5G is Fixed Wireless Acces (FWA). FWA is a concept of delivering broadband internet
through wireless technologies. It offers robust internet service similar to an internet service provider (ISP) and
offers cheaper costs to deploy [1][2].

Before deploying telecom infrastructure, operators usually analyze costs and revenue [3]. The techno-
economic analysis is usually used to determine the technological and economic factors. Net Present Value
(NPV) is a standard tool to value the project [4]. The project is deployed if the NPV is positive and vice versa

[5]

Some assessment in telecommunications projects from [6][7] is the modeling of 5G techno-economic of
different radio technologies analysis with three demand scenarios to predict the need to upgrade the 5G
network. The NPV was earned in cities in Indonesia for six years. From [8], a case study of FWA in the
residence area shows only the requirement of different technologies (Base Station type) and the expenditure
(CAPEX and OPEX) to deploy the FWA. All of the research mentioned above mentions that the project is
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deployed right away if it is considered profitable. In reality, many uncertain factors like the adoption of
technology, the number of subscribers, network performance, and others result in the NPV being far from
projected. Some projects may seem risky if deployed right away, even if they seem profitable in the assessment.
Therefore, we propose a method to evaluate the FWA with options to make or abandon some choice concerning
the investment of the FWA, whether to delay or deploy it right away. This method is called Real Option (RO).

This research aims to use RO to analyze the FWA project. Users will know better the uncertainty of
implementing the FWA project. By doing so, users can minimize the risk of negative NPV [9] and make the
best decision whether to wait or abandon the project [10].

2. METHOD
2.1. Location of Research

Kota Wisata Cibubur is located on Transyogi road, Gunung Puteri district, Bogor regency, West Jawa
province, Indonesia. It covers a total area of 480 hectares and consists of 11,512 households and stores. Fig.1
shows the map of its location.
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Fig. 1. Map of Kota Wisata Cibul:;ur (sourcéf g‘oogle map)

2.2. Household Subscriber Forecast and Traffic Forecast

The number of customers is estimated using the Bass model shown in Eq. (1) [11]. N(t) is the number of
residential customers in a year (t). M is the number of current customers. The value of p > 0 is the coefficient
of innovation, and g = 0 is the coefficient of imitation. Considering Indonesia as a developing country, the
value of p = 0.0267 and g = 0.3356 [8][12]. In this research, the number of customers using FWA is
assumed to be in three scenarios as in the previous techno-economic research, namely the high number of
customers, moderate number of costumer, and low number of customers. N (t) is included in the high number
of customers, the moderate number of customers is 60% of N(t), and the low number of customers is 60% of
the number of moderate customers [6][13]. Assume the probability scenario for each number of costumer,
namely Pa, Pb, and Pc, are considered to have relatively the same value, as shown in Table 1.

1 — e tlpt+a)

Nit) =M——FF——
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The traffic forecast is a data service demand in a kilometer square shown in Eq. (2). G(t) is the traffic
demand. p is the population density of 1,365 per km square for West Java, and Nmd is the number of days in
a month equal to 30 days. Ndh is the number of busy daily hours equal to 9 hours [8]. ¢(t) is the percentage
of active users in a time range (100%). Dk is are by the average monthly demand equal to 500 GB per month
[71[14].
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Table 1. Probability of subscriber scenario
No  Subscriber Scenario  Probability

1 High Pa =0.33
2 Moderate Pb=0.34
3 Low Pc=0.33

2.3. Network Necessity

Network necessity aims to determine the number of base stations needed based on coverage and
capacity requirements[15]-[17] for the mmWave 28 GHz frequency with a bandwidth of 400 MHz [18][19].
Calculating the coverage requirement is obtained by using A = mr?, where 7 is the circle's radius. The
propagation model used is 3GPP 38.901 [20]. Eg. (3) shows the capacity requirement. N (site) is the number
of sites. N(cell) is the number of cells. Spectrum(ef f) is the efficiency of the spectrum 14 bps/Hz/Cell (FDD
UL-FR2, u = 120) for 28 GHz mmWave [21]. The value of the network necessity parameter is shown in
Table 2 [22][23].

Cap(sys) = BW(MHz) x N(site) x N(cell) x Spectrum(eff) 3)

Table 2. Network necessity parameter

No Parameter Value

1 Frequency 28 GHz

2 Antenna sector 3

3 Bandwidth 400 MHz
4 Spectrum Efficiency 14

5 Average cell throughput 6,464 Mbps
6 Average site throughput 19,392 Mbps
7 Range 0.1 km

8 Coverage 0.259 km?

2.4. CAPEX and OPEX Requirements

Capital Expenditure (CAPEX) is the funds by a company to acquire, upgrade, and maintain physical
assets [24]. Operational Expenditure (OPEX) is the expense required to function after the project is deployed
[25]. Table 3 shows the infrastructure deployment cost to calculate the total CAPEX and OPEX [8][26].

Table 3. Base station deployment cost
BS type Costtype CAPEX OPEX
5G micro mmWave New site  $25,400 $7,400

2.5. Revenue and Cash Flow

Customers' spending earns revenue, and we propose the subscription fee is $20 per month for this service.
Each year's total revenue is shown in Eq. (4) [27]. REV(y) is the revenue in year y. N is the number of
subscribers, and M is the variable of customers to continue using the service. Assuming that customers continue
using FWA after the project is deployed, M = 1. Cash flow is determined by CAPEX and OPEX, shown in
Eq. (5) [27].

REV(y) = NU.12.M 4)

CF(d) (y) = —CAPEX(d)if y = 0 -
= REV(y)- OPEXif 0 <y < |Y|

2.6. Net Present Value (NPV)
NPV is a tool to determine whether a project is worth investment. The project is considered profitable if
the NPV is positive [28]. The project is not profitable if the NPV is negative [29]. This research considers
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CAPEX in 2022, and subscribers will grow and produce revenue next year. NPV value is shown in Eq. (6)
[28]. CF is cash flow, and R is the discounted factor. In this research the value of R = 0.1 [8].

NPV = Zkzn CHL ©6)
B k=0 (1 +R)!

Because there are three scenarios of the number of subscribers, the Expected NPV (ENPV") will be shown
in Eq. (7). CFais the cash flow of a high number of subscribers. CFb is the cash flow of the number of moderate
subscribers. CFc is the number of the low subscriber.

ENPV — P Z":n CFai + Pb Z":" CFbi L p Z":" CFci @
-rax k=0 (1 + R)! X k=0 (1 +R) €x k=0 (1 + R)!

2.7. Valuation of 5G mmWave FWA Using Option to Delay the Project by One to Three Years

By deploying CAPEX in the year 2022, there is a probability that the NPV will result negatively because
of the low number of subscribers in the next year. Consider that there is an option to delay the project and learn
about the market or test the service. It means the CAPEX is not used in 2022. The project will be deployed if
it results in a positive NPV or will be delayed in 2023-2025.

To evaluate the FWA project, we propose using Real Options analysis. Real Option (RO) is a way to
make or abandon a choice or option concerning an investment evaluating an investment. There are three ways
to determine the value of RO: using the Black Scholes model, the decision tree, and the Monte Carlo simulation.
In this research, we use the decision tree and Black Scholes model to determine the value of the FWA project
if we have the option to delay the project from one to three years [30][31].

The decision tree in the Real option represents the actual actions a company can make whether to expand
or abandon the operation. By using Eq. (6), negative NPV means abandoning the project. Fig. 2 shows the
scenario and action.

2022 NPV RESULT ACTION
Pt prey Delay POSITIVE DEPLOY
Leam
SUBSCIBER the
SCENARIO Phl, market POSITIVE DEPLOY
one
to
Pd three vears NEGATIVE ABANDON
—

Fig. 2 Decision tree scenario and action

The decision tree in Fig. 2 is to determine the Expected NPV (ENPV) [32][33] of the FWA project by
using Eq. (7). Then, we compare the ENPV that gives the option to delay the project to study the market for
one to three years and abandon the project if the result shows a low number of subscribers. Hence, the cash
flow of a low number of subscribers is zero. Table 4 shows the details of different scenarios with learning the
market for one year.

Table 4. The action of different scenarios with learning the market for one year
Subscriber Scenario

Year High Moderate Low
2022 Learn Learn Learn
2023 Deploy network Deploy network Abandon
2024 Cash Flow Cash flow 0
2029 Cash Flow Cash Flow 0
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The second method to evaluate the FWA project is by using the Black Scholes model shown in Eq. (8) [34]-
[36]. V is the option's value. X is CAPEX. t is time to delay the project. o is project uncertainty. r is the risk-
free interest rate. We assume the value of r is 6 %. S is the present value of the project. N is Normal cumulative
distribution [37]-[40].

V =S N@dl)— X - e N(d2) ®)
S 2
. ln7+(rt+%)t o)
oVt
d2 =dl1 — ot (10)

The uncertainty of each number of subscribers is shown in Eq. (11). Eo is the ENPV in the year zero or 2022,
and Eys is the NPV of each scenario in the considered CAPEX. Because there are only two data hence n = 2,
the uncertainty can be simplified in Eq. (12).

os = Zkznw (11)

k=0 n—1

0 = Pa(Eya — Eo)? + Pb(Eyb — E0)? + Pc(Eyc — Eo)? (12)

3. RESULTS AND DISCUSSION
3.1. Number of Subscribers

Using the Bass model from Eq. (1) results in the number of FWA subscribers shown in Table 5. In 2022
the project deployed it started to gain subscribers from 2023. The result shows in the high subscriber scenario
in Table 5. The value of the average subscriber scenario number is 60 % of the high subscriber scenario, and
the value of the low subscriber scenario number is 60 % of the moderate subscriber number. By 2028, there is
a 33% probability that the subscriber of the FWA will be 4200 households, 34 % probability it will be 2520
households, and 33 % probability it will be 1512 households.

Table 5. Number of subscribers for each scenario
Subscriber Scenario
High Moderate Low
2022  Deploy Deploy Deploy

Year

2023 359 216 130
2024 837 503 302
2025 1456 874 525
2026 2230 1338 803
2027 3154 1893 1136
2028 4200 2520 1512

3.2. Demand and Network Requirements

Using Eq. (2) and Eq. (3) will result in the requirement of Base Stations shown in Table 6. Table 6 shows
the number of base stations needed to deploy FWA in Kota Wisata Cibubur based on coverage and capacity.
The total demand of the FWA is 5,617 Mbps; hence from the capacity perspective, the number of base stations
needed is three base stations. However, it will not cover all the residential areas. Seventeen base stations need
to be deployed to cover the whole area.

Table 6. Total demand and network requirement

Parameters Value
Coverage area 4.8 km?
Total demand 5,617 Mbps
Average cell capacity 6,464 Mbps
Average site capacity 19,392 Mbps
Coverage of base station 0.259 km2
Number of BS by capacity 3
Number of BS by coverage 17
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3.3. CAPEX and OPEX Requirements

CAPEX and OPEX Requirements are the total cost to deploy and maintain the FWA service. The OPEX
is used in the early deployment, and the OPEX is a yearly cost for six years of FWA operations. From Table
6, the number of Base Stations needed is 17, and by using the cost of deployment in Table 3 and the requirement
of CAPEX and OPEX are shown in Table 7.

Table 7. The requirement of CAPEX and OPEX

Parameters Value
Number of BS 17
Total CAPEX $482,600
Total OPEX $140,600

3.4. Cash Flow and NPV of Each Scenario

In this research, CAPEX is deployed in the early year, which is 2022. The project is deployed and
considered the year zero or the start of the project; hence the cost of the project is -CAPEX. The revenue is
determined by using the number of subscribers of each scenario in Table 5 and using Eqg. (4). Using Eq. (5),
the Cash Flow of each scenario is shown in Table 8.

Table 8. Cash flow of each scenario
Subscriber Scenario
High Moderate Low
2022 -CAPEX -CAPEX -CAPEX
2023 -$54,440 -$88,760 -$109,400
2024 $60,280 -$19,880 -$68,120
2025 $208,840 $69,160 -$14,600
2026 $394,600 $180,520 $52,120
2027 $616,360 $313,720 $132,040
2028 $867,400 $464,200 $222,280

Year

From Table 8, the FWA project will result in a positive NPV with both moderate and a high number of
subscribers. This condition means that the project is profitable if it has at least a moderate number of
subscribers. However, the low number of subscribers will result in a negative NPV, and the project will have
a loss. The value of ENPV is $153,176. The result of ENPV shows that the project has a positive ENPV. It
means the project is considered a valuable project. However, there is a 33 % probability that the project could
have a negative NPV, so it is risky if CAPEX is deployed in 2022, as shown in Table 9.

Table 9. NPV of each scenario
Subscriber Scenario
High Moderate Low
Probability 33% 34 % 33%
NPV $816,484 $52,362 -$406,246

3.5. Real Option (RO) Analysis

Using the decision tree method, the ENPV of the project if it has the option to wait and abandon the
project if the result is low subscribers from one to three years shown in Table 10. It shows that by waiting from
one to three years, the ENPV value is greater than the ENPV value where there is no option to delay the project.
Using the method shown in Fig. 2, negative NPV means abandoning the project, delaying the project from one
to two years, considered profitable even if there are a moderate number of subscribers because the NPV value
is positive. Delaying the project for three years also shows greater ENPV value than having no option to wait
or delay. However, it will become riskier as a moderate number of subscribers will result in a negative NPV.
Hence the project will be profitable if only it has a high number of subscribers. This condition will give the
manager more consideration about the FWA project and what kind of action to minimize the risk of loss.

Table 11 shows the option to wait or delay the project from one year to three years, which shows the value
of ENPV by only using the standard NPV method. It means that the option to wait or delay the project is
considered more valuable than no option at all. However, it only shows the value of the ENPV. Because there
are three probabilities of the subscriber number, Black Scholes Model does not show whether each probability
in the number of the subscriber has a risk of negative NPV.
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Table 10. NPV result and ENPV given option to wait and abandon the project using Decision Tree
Value Option to Wait

Subscriber Scenario

1 Year 2 Years 3 Years
LOW Negative Negative Negative
MOD Positive Positive Negative
HIGH Positive Positive Positive
ENPV $250,038 $216,842 $188,371

Table 11. ENPV was given the option to wait using Black Scholes Model
Option to Wait
1 Year 2 Years 3 Years
ENPV  $220,668  $209,593  $219,428

4. CONCLUSION

In some real cases of a telecommunication project, the project could be delayed and need some time to
research before deployment. In this case, evaluating an FWA project using a decision tree and the Black
Scholes model is effective. Based on the result, the option to delay the FWA project using decision three and
the Black Scholes model shows a greater ENPV value than the standard NPV method. It means it is profitable
to have an option to delay the project. The Black Scholes model is easy to use; however, it only shows the final
ENPV value. It does not give information about the risk of each subscriber scenario

Using the decision tree method also results in a greater ENPV value. It also shows the value of each
probability in the number of subscribers. Because of this, managers get more input about the risk included in
the FWA project. Information about this risk is beneficial to arranging contracts, funds, and legal aspects of
the FWA project and minimizing loss in the FWA project.

REFERENCES

[1] W. Xie, N. -T. Mao and K. Rundberget, "Cost Comparisons of Backhaul Transport Technologies for 5G Fixed
Wireless  Access,” 2018 IEEE 5G  World Forum  (5GWF), 2018, pp. 159-163,
https://doi.org/10.1109/5GWF.2018.8516977.

[2] S. M. M. Hassan et al., "Bridging the Digital Divide in Malaysia using Fixed Wireless Access," 2021 26th IEEE
Asia-Pacific Conference on Communications (APCCQC), 2021, pp. 74-78,
https://doi.org/10.1109/APCC49754.2021.9609825.

[3] M. Chrysostomou, N. Christofides, and K. Efstathiou, "Technoeconomic Analysis of Photovoltaic Systems
Integration in Power Grid and Off-Grid Telecom Stations in Cyprus,” 2021 29th Telecommunications Forum
(TELFOR), 2021, pp. 1-4, https://doi.org/10.1109/TELFOR52709.2021.9653293.

[4] M. Tahon, S. Verbrugge, P. J. Willis, P. Botham, D. Colle, M. Pickavet, and P. Demeester, "Real Options in Telecom
Infrastructure Projects — A Tutorial," in IEEE Communications Surveys & Tutorials, vol. 16, no. 2, pp. 1157-1173,
Second Quarter 2014, https://doi.org/10.1109/SURV.2013.062613.00126.

[5] G. Smail and J. Weijia, "Techno-economic analysis and prediction for the deployment of 5G mobile network," 2017
20th  Conference on Innovations in Clouds, Internet and Networks (ICIN), 2017, pp. 9-16,
https://doi.org/10.1109/ICIN.2017.7899243.

[6] A. A. Kusuma and M. Suryanegara, "Upgrading Mobile Network to 5G: The Technoeconomic Analysis of Main
Cities in Indonesia," 2019 16th International Conference on Quality in Research (QIR): International Symposium on
Electrical and Computer Engineering, 2019, pp. 1-6, https://doi.org/10.1109/QIR.2019.8898260.

[7]1 D. Rianti, A. Hikmaturokhman, and D. Rachmawaty, "Techno-Economic 5G New Radio Planning Using 26 GHz
Frequency at Pulogadung Industrial Area," 2020 3rd International Seminar on Research of Information Technology
and Intelligent Systems (ISRITI), 2020, pp. 272-277, https://doi.org/10.1109/ISRIT151436.2020.9315455.

[8] M. K. Adityo, M. I. Nashiruddin, and M. A. Nugraha, "5G Fixed Wireless Access Network for Urban Residential
Market: A Case of Indonesia,” 2021 IEEE International Conference on Internet of Things and Intelligence Systems
(loTalS), 2021, pp. 123-128, https://doi.org/10.1109/10TalS53735.2021.9628442.

[9] X.Yan, C.Gu, H. Zhang, N. Liu, F. Li and Y. Song, "Network Pricing with Investment Waiting Cost based on Real
Options under Uncertainties," in IEEE Transactions on Power Systems,
https://doi.org/10.1109/TPWRS.2022.3158349.

[10] A. Belz, "Real options valuation of a federally funded small Business portfolio," 2017 IEEE Technology &
Engineering Management Conference (TEMSCON), 2017, pp. 19-24,
https://doi.org/10.1109/TEMSCON.2017.7998348.

[11] A. Jha and D. Saha, "Why is 700 MHz band a good proposition for provisioning pan-India 4G LTE services?: A
comparative techno-economic evaluation study,” 2017 9th International Conference on Communication Systems and
Networks (COMSNETS), 2017, pp. 229-236, https://doi.org/10.1109/COMSNETS.2017.7945381.

Valuation of 5G mmWave Fixed Wireless Access in Residence Area : Analysis of Real Option for Wireless Broadband
Service in Kota Wisata Cibubur Using Decision Tree and Black Scholes Model (May Hendra Panjaitan)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://doi.org/10.1109/5GWF.2018.8516977
https://doi.org/10.1109/APCC49754.2021.9609825
https://doi.org/10.1109/TELFOR52709.2021.9653293
https://doi.org/10.1109/SURV.2013.062613.00126
https://doi.org/10.1109/ICIN.2017.7899243
https://doi.org/10.1109/QIR.2019.8898260
https://doi.org/10.1109/ISRITI51436.2020.9315455
https://doi.org/10.1109/IoTaIS53735.2021.9628442
https://doi.org/10.1109/TPWRS.2022.3158349
https://doi.org/10.1109/TEMSCON.2017.7998348
https://doi.org/10.1109/COMSNETS.2017.7945381

ISSN 2338-3070 Jurnal llmiah Teknik Elektro Komputer dan Informatika (JITEKI) 233

Vol. 8, No. 2, June 2022, pp. 226-234

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

(33]

R. -H. Chen and S. -C. Chang, "Modeling Content and Membership Growth Dynamics of User-Generated Content
Sharing Networks With Two Case Studies,” in IEEE Access, vol. 6, pp. 4779-4796, 2018,
https://doi.org/10.1109/ACCESS.2017.2789334.

C. B. A. Khan, "Estimating diffusion of technology using user perceptual values: A conceptual model,” 2018 5th
International Conference on Industrial Engineering and Applications (ICIEA), 2018, pp. 401-405,
https://doi.org/10.1109/1EA.2018.8387133

X. Tian, C. Zhao, H. Liu, and J. Xu, "Video On-Demand Service via Wireless Broadcasting," in IEEE Transactions
on Mobile Computing, vol. 16, no. 10, pp. 2970-2982, 1 Oct. 2017, https://doi.org/10.1109/TMC.2016.2639500.

A. Tikhomirov, E. Omelyanchuk and A. Semenova, "Recommended 5G frequency bands evaluation," 2018 Systems
of Signals Generating and Processing in the Field of on Board Communications, 2018, pp. 1-5,
https://doi.org/10.1109/SOSG.2018.8350639.

K. Bechta, J. Du and M. Rybakowski, "Rework the Radio Link Budget for 5G and Beyond," in IEEE Access, vol. 8,
pp. 211585-211594, 2020, https://doi.org/10.1109/ACCESS.2020.3039423

M. G. L. Frecassetti et al., "D-Band Radio Solutions For Beyond 5G Reconfigurable Meshed Cellular Networks,"
2019 16th International Symposium on Wireless Communication Systems (ISWCS), 2019, pp. 427-431,
https://doi.org/10.1109/ISWCS.2019.8877298

S. H. R. Nagvi, P. H. Ho, and L. Peng, "5G NR mmWave indoor coverage with massive antenna system," in Journal
of Communications and Networks, vol. 23, no. 1, pp. 1-11, Feb. 2021, https://doi.org/10.23919/JCN.2020.000031.
S. H. R. Naqgvi and P. -H. Ho, "Achieving 5G NR mmWave Indoor Coverage Under Integrated Access Backhaul,"
in IEEE Systems Journal, vol. 15, no. 4, pp. 5429-5439, Dec. 2021, https://doi.org/10.1109/JSYST.2021.3053550.
V. V. Diaz and D. Marcano Aviles, "A Path Loss Simulator for the 3GPP 5G Channel Models," 2018 IEEE XXV
International Conference on Electronics, Electrical Engineering and Computing (INTERCON), 2018, pp. 1-4,
https://doi.org/10.1109/INTERCON.2018.8526374.

R. A. Afif, A. F. Isnawati and A. R. Danisya, "Comparative Analysis of mmWave Channel Model with 26 GHz and
28 GHz: A Case Study in Wonosobo City," 2020 IEEE International Conference on Communication, Networks and
Satellite (Comnetsat), 2020, pp. 380-384, https://doi.org/10.1109/Comnetsat50391.2020.9328972.

M. M. Mowla, H. B. H. Dutty, and I. Ahmad, "A Statistical mmWave Channel Modeling for Backhaul Networks in
5G Communications,” 2019 International Conference on Computer, Communication, Chemical, Materials and
Electronic Engineering (IC4AMEZ2), 2019, pp. 1-4, https://doi.org/10.1109/ICAME247184.2019.9036649.

A. Salazar S. and R. Jétiva E., "Performance evaluation of a communication system simulated at the 28 GHz 5G-
mmWave band," 2020 IEEE ANDESCON, 2020, pp- 1-6,
https://doi.org/10.1109/ANDESCON50619.2020.9272031.

D. Feng, W. Sun and W. Hu, "CAPEX Optimization with Joint Allocation of Hybrid RF/FSO and Optical Fibre
Resources in 5G Backhaul," 2018 Optical Fiber Communications Conference and Exposition (OFC), 2018, pp. 1-3,
https://doi.org/10.1364/OFC.2018.Th2A.36.

I. Alam, "Modeling, Estimation and Experimentation for Radio-wave Propagation for Optimizing OPEX and CAPEX
in NG Networks," 2019 International Conference on Electrical, Communication, and Computer Engineering
(ICECCE), 2019, pp. 1-5, https://doi.org/10.1109/ICECCE47252.2019.8940770.

M. N. Patwary, S. Junaid Nawaz, M. A. Rahman, S. K. Sharma, M. M. Rashid, and S. J. Barnes, "The Potential Short-
and Long-Term Disruptions and Transformative Impacts of 5G and Beyond Wireless Networks: Lessons Learnt From
the Development of a 5G Testbed Environment,” in IEEE Access, vol. 8, pp. 11352-11379, 2020,
https://doi.org/10.1109/ACCESS.2020.2964673.

L. Chiaraviglio, W. Liu, J. A. Gutierrez, and N. Blefari-Melazzi, "Optimal pricing strategy for 5G in rural areas with
unmanned aerial vehicles and large cells," 2017 27th International Telecommunication Networks and Applications
Conference (ITNAC), 2017, pp. 1-7, https://doi.org/10.1109/ATNAC.2017.8215406.

O. BORNE, M. PETIT, and Y. PEREZ, "Net-Present-Value Analysis for Bidirectional EV Chargers Providing
Frequency Containment Reserve," 2018 15th International Conference on the European Energy Market (EEM), 2018,
pp. 1-6, https://doi.org/10.1109/EEM.2018.8469840.

A. Ofori-Yeboah, R. Addo-Quaye, W. Oseni, P. Amorin, and C. Agangmikre, "Cyber Supply Chain Security: A Cost
Benefit Analysis Using Net Present VValue," 2021 International Conference on Cyber Security and Internet of Things
(ICSloT), 2021, pp. 49-54, https://doi.org/10.1109/ICSI10T55070.2021.00018.

D. Hernandez-Garcia, D. Guemes-Castorena and I. P. Jaramillo, "A Real Option Based Model for the Valuation of
Patent Protected Technological Innovation Projects,” 2017 Portland International Conference on Management of
Engineering and Technology (PICMET), 2017, pp. 1-16, https://doi.org/10.23919/PICMET.2017.8125335.

L. Li, "The simulation of CSI 300 Index Option Pricing Based on Black-Scholes Model,” 2019 4th IEEE International
Conference on Cybernetics (Cybconf), 2019, pp. 1-5, https://doi.org/10.1109/Cybconf47073.2019.9436608.

O. BORNE, M. PETIT, and Y. PEREZ, "Net-Present-Value Analysis for Bidirectional EV Chargers Providing
Frequency Containment Reserve," 2018 15th International Conference on the European Energy Market (EEM), 2018,
pp. 1-6, https://doi.org/10.1109/EEM.2018.8469840.

A. Ofori-Yeboah, R. Addo-Quaye, W. Oseni, P. Amorin, and C. Agangmikre, "Cyber Supply Chain Security: A Cost
Benefit Analysis Using Net Present VValue," 2021 International Conference on Cyber Security and Internet of Things
(ICSloT), 2021, pp. 49-54, https://doi.org/10.1109/ICSI0T55070.2021.00018.

Valuation of 5G mmWave Fixed Wireless Access in Residence Area : Analysis of Real Option for Wireless Broadband

Service in Kota Wisata Cibubur Using Decision Tree and Black Scholes Model (May Hendra Panjaitan)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://doi.org/10.1109/ACCESS.2017.2789334
https://doi.org/10.1109/IEA.2018.8387133
https://doi.org/10.1109/TMC.2016.2639500
https://doi.org/10.1109/SOSG.2018.8350639
https://doi.org/10.1109/ACCESS.2020.3039423
https://doi.org/10.1109/ISWCS.2019.8877298
https://doi.org/10.23919/JCN.2020.000031
https://doi.org/10.1109/JSYST.2021.3053550
https://doi.org/10.1109/INTERCON.2018.8526374
https://doi.org/10.1109/Comnetsat50391.2020.9328972
https://doi.org/10.1109/IC4ME247184.2019.9036649
https://doi.org/10.1109/ANDESCON50619.2020.9272031
https://doi.org/10.1364/OFC.2018.Th2A.36
https://doi.org/10.1109/ICECCE47252.2019.8940770
https://doi.org/10.1109/ACCESS.2020.2964673
https://doi.org/10.1109/ATNAC.2017.8215406
https://doi.org/10.1109/EEM.2018.8469840
https://doi.org/10.1109/ICSIoT55070.2021.00018
https://doi.org/10.23919/PICMET.2017.8125335
https://doi.org/10.1109/Cybconf47073.2019.9436608
https://doi.org/10.1109/EEM.2018.8469840
https://doi.org/10.1109/ICSIoT55070.2021.00018

234

Jurnal llmiah Teknik Elektro Komputer dan Informatika (JITEKI) ISSN 2338-3070
Vol. 8, No. 2, June 2022, pp. 226-234

[34]

[35]

(36]

[37]

(38]

[39]

[40]

G. Zhang and G. Wang, "On the Price of European Call Option Based on the Black Scholes Model with Fuzzy
Number Coefficients," 2018 International Conference on Control, Automation and Information Sciences (ICCAIS),
2018, pp. 456-460, https://doi.org/10.1109/ICCAIS.2018.8570549.

X. Lin, W. Chen, M. Wang and C. -H. Lai, "Modification terms to the Black-Scholes model based on the functional
volatility model," 2021 20th International Symposium on Distributed Computing and Applications for Business
Engineering and Science (DCABES), 2021, pp. 1-4, https://doi.org/10.1109/DCABES52998.2021.00007.

H. R. Sheybani and M. O. Buygi, "Equilibrium-Based Black-Scholes Option Pricing in Electricity Markets," in IEEE
Systems Journal, 2021, https://doi.org/10.1109/JSYST.2021.3131938.

Y. Liang, A. Thavaneswaran, A. Paseka, and J. Bhanushali, "Fuzzy Option Pricing with Data-Driven Volatility using
Novel Monte-Carlo Approach," 2021 IEEE Symposium Series on Computational Intelligence (SSCI), 2021, pp. 1-7,
https://doi.org/10.1109/SSC150451.2021.9660099.

M. R. Rodrigo, "Pricing formulas for perpetual American options with general payoffs,” in IMA Journal of
Management Mathematics, vol. 33, no. 2, pp. 201-228, 2021, https://doi.org/10.1093/imaman/dpab011.

H. Sun, M. Wang, B. Du and J. Wang, "A Weighted Strike-Related Implied Volatility Model," 2018 17th
International Symposium on Distributed Computing and Applications for Business Engineering and Science
(DCABES), 2018, pp. 212-215, https://doi.org/10.1109/DCABES.2018.00062.

U. Lyi and M. C. Fu, "European option pricing with stochastic volatility and jumps: comparison of monte carlo and
fast fourier transform methods,” 2018 Winter Simulation Conference (WSC), 2018, pp. 1682-1693,
https://doi.org/10.1109/WSC.2018.8632313.

BIOGRAPHY OF AUTHORS

May Hendra Panjaitan is currently a student in the Master's program at Universitas
Indonesia, Department of Electrical Engineering. He got his electrical engineering bachelor's
degree from the University of Sumatera Utara. His main topics of interest are mobile
communication, Al in the telecom industry, and risk management. Email:
myhendra.panjaitan@gmail.com

Catur Apriono is a Lecturer at the Department of Electrical Engineering, Universitas
Indonesia. He received Ph.D. in nano-vision technology from Shizouka University, Japan, in
2015 and a Dr. in Telecommunication Engineering from the Universitas Indonesia, Indonesia,
in 2016. His main research topics are optical communications, Terahertz technology,
antennas, and microwave engineering. Email: catur@eng.ui.ac.id

Valuation of 5G mmWave Fixed Wireless Access in Residence Area : Analysis of Real Option for Wireless Broadband

Service in Kota Wisata Cibubur Using Decision Tree and Black Scholes Model (May Hendra Panjaitan)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://doi.org/10.1109/ICCAIS.2018.8570549
https://doi.org/10.1109/DCABES52998.2021.00007
https://doi.org/10.1109/JSYST.2021.3131938
https://doi.org/10.1109/SSCI50451.2021.9660099
https://doi.org/10.1093/imaman/dpab011
https://doi.org/10.1109/DCABES.2018.00062
https://doi.org/10.1109/WSC.2018.8632313
mailto:myhendra.panjaitan@gmail.com
mailto:catur@eng.ui.ac.id

