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Abstrak - Bagi negara tropis dengan curah hujan tinggi, pita frekuensi 3,5 GHz merupakan spektrum yang 

penting untuk implementasi broadband generasi kelima (5G), karena menawarkan keseimbangan antara 

kapasitas yang tinggi dan ketahanan terhadap redaman sinyal akibat hujan. Namun, penerapannya menghadapi 

kendala regulasi, hukum, dan teknis, terutama terkait alokasi spektrum bagi layanan yang sudah ada 

sebelumnya. Makalah ini menyoroti tantangan utama dalam penerapan pita 3,5 GHz untuk jaringan 5G di 

Indonesia, dengan fokus pada faktor regulasi, hukum, dan teknis. Ibu Kota Negara (IKN), ibu kota baru 

Indonesia yang direncanakan sebagai kota pintar dengan proyeksi populasi 1,9 juta pada tahun 2045, 

digunakan sebagai studi kasus. Analisis kuantitatif perencanaan jaringan dilakukan untuk mengevaluasi 

cakupan dan kapasitas, dengan hasil menunjukkan estimasi radius sel sebesar 992,4 m, kebutuhan sekitar 245 

gNodeB, dan total kapasitas terlayani sebesar 16,49 Tbps. Analisis dilakukan untuk menilai pengaruh 

karakteristik spektrum mid-band dan batasan regulasi terhadap perencanaan jaringan. Hasil penelitian ini 

diharapkan dapat memberikan pemahaman yang lebih baik mengenai pengelolaan spektrum dan strategi 

penerapan jaringan, khususnya dalam pengembangan kota-kota pintar. 

 

Kata kunci: 3,5 GHz, 5G, perencanaan 5G, IKN.  

 

Abstract - In tropical countries where the rainfall intensity is constantly high, the 3.5 GHz band is a valuable 

spectrum for the fifth generation (5G) broadband implementation. That is because it provides a balanced 

trade-off between high capacity and resilience to rain attenuation in tropical climates. However, deploying 

this band faces regulatory, legal, and technical constrains, especially related to legacy spectrum allocation. 

This work focuses on key challenges in deploying 3.5 GHz band for 5G network in Indonesia, including 

regulatory, legal, and technical factors. Indonesia’s new capital city, Ibu Kota Negara (IKN), a smart city with 

a population projection of 1.9 million by 2045, is used as a case study. A quantitative network planning 

approach is applied to evaluate coverage and capacity, resulting in an estimated cell radius of 992.4 m, a 

requirement of approximately 245 gNodeBs, and a total offered throughput of 16.49 Tbps. We analyze the 

implication of mid-band spectrum characteristics and regulatory limitations on the network deployment 

planning. The findings are expected to provide a better understanding in spectrum management and network 

planning, particularly in developing new smart cities. 
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I. INTRODUCTION 
The fifth generation (5G) of mobile 

communication technology is widely regarded as a 

key enabler for digital transformation and the 

realization of smart cities. Unlike previous 

generations that primarily focused on human-

centric communications, 5G is developed not only 

to support connectivity between individuals but 

also to connect machines and devices across 

various sectors. It includes health care, 

transportation, energy, and large-scale data 

transmission. To be exact, International Mobile 
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telecommunication (IMT) 2020 divides 5G use 

cases mainly into three categories [1], which are 

enhanced mobile broadband (eMBB), ultra-

reliable and low-latency communications 

(URLLC), and massive machine-type 

communications (mMTC). In general, all these 

categories have key features of extremely high data 

rate, ultra-low latency, energy efficient and high 

spectrum efficiency [2]. 

Indonesia, as one of the countries with the 

largest number of mobile subscribers in the world, 

officially launched its first commercial 5G services 

in 2021. Since then, the government and mobile 

network operators have been working toward 

nationwide deployment [3]. To support 5G 

implementation, the Indonesian government has 

identified three main spectrum layers: the low band 

(coverage layer) around 700 MHz, the mid-band 

(capacity layer) around 2.3/2.6/3.3/3.5 GHz, and 

the high band (super data layer) at 26–28 GHz [4]. 

Among these options, the 3.5 GHz band has 

emerged as the most critical mid-band spectrum 

due to its balance between coverage capability and 

achievable data rates, as well as strong global 

ecosystem support. 

However, rolling out 5G at 3.5 GHz in 

Indonesia involves unique difficulties. Firstly, the 

band is currently used for existing services, namely 

Broadband Wireless Access (BWA) and Fixed 

Satellite service (FSS), particularly in the extended 

C-band. This raises co-existence challenges if 5G 

is also deployed in the same band. On the other 

hand, Indonesia’s tropical climate, with high 

rainfall intensity, leads to high rain attenuation 

affecting performance and power management. 

These challenges are relevant in network 

deployment planning in new smart cities like IKN, 

where network capacity and reliability are 

essential, since IKN is envisioned as a smart and 

digitally connected with a dense population up to 

1.9 million people by 2045 [13].  

Mid-band spectrum has become a central focus 

on 5G deployment, largely because it provides a 

practical balance between network coverage and 

system capacity. Several studies highlight the 

importance of frequencies around 3.5 GHz for 

supporting eMBB and dense urban applications 

[1], [2]. These works suggest that these frequencies 

allow operators to deliver higher data rates while 

keeping infrastructure costs reasonable. Another 

advantage of this band is its stronger resistance to 

rain attenuation compared with higher frequencies, 

which is beneficial for countries with tropical 

weather conditions. 

Previous works have investigated 5G 

deployment in dense urban environments and mid-

band frequencies [1] [4] [9] [11]. For instance, [4] 

conducted coverage simulation of a 3.5 GHz 5G 

network scenario in Central Jakarta, Indonesia, 

utilizing the Forsk Atoll software. In a related 

study, authors in [11] calculated required gNodeB 

number to provide increasing network service 

demand. They suggested that 5G deployment at 3.5 

GHz requires higher base station density compared 

to legacy 4G systems due to increased path loss.  

Beyond technical analysis, in terms economic, 

[9] assessed C-band spectrum (3400–4200 MHz) 

for mobile broadband in Europe, highlighting 

capacity gains and cost reductions. Meanwhile, in 

the context of Indonesian spectrum policy, [7] 

analyzes the spectrum dispute in the 3600–4200 

MHz range between FSS and IMT using a 

Regulatory Impact Analysis (RIA). It emphasizes 

the importance to continue C-Band for satellite 

communications in tropical regions. While these 

studies provide valuable insights, few examine 

both technical and regulatory aspects together, 

especially in regions where tropical climates 

influence decision in spectrum management and 

planning.  

This paper aims to integrate regulatory, legal 

considerations, along with technical aspects for 5G 

rollout planning at 3.5 GHz in IKN. Using IKN as 

a case study, the findings offer insight not only for 

Indonesia but also for other planned smart cities 

that face similar deployment challenges. In detail, 

our main contributions are: 

a. Examining regulatory issues in Indonesia’s 

3.5 GHz band, including spectrum refarming 

and IMT–FSS coexistence. 

b. Conducting a coverage study for 5G macro-

cells using standardized 3GPP models, 

adapted for IKN environment. 

c. A discussion of multi-layer spectrum 

deployment as a strategy to handle long-term 

traffic demand in dense smart city networks. 

The rest of this paper is structured in several 

sections. Section II outlines the regulatory and 

legal context of the 3.5 GHz band in Indonesia. The 

technical aspects, including coverage and capacity, 

are discussed in section III. The paper concludes in 

Section IV with a summary of key points and 

suggestions for future research. 
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II. REGULATION AND LEGAL 

FACTORS 
Many countries have identified the 3.3–3.8 GHz 

spectrum range as a core mid-band allocation for 

5G systems [1]. The band is attractive for mobile 

operators because it offers relatively broad 

coverage while still supporting high network 

capacity. Within the 3GPP framework, this 

spectrum corresponds to NR operating bands n48, 

n77, and n78, all of which utilize time division 

duplexing (TDD) technology [10]. The 

characteristics of these bands are summarized in 

Table I. While many countries have allocated this 

band primarily for IMT, regulatory conditions in 

Indonesia are more complex due to legacy 

spectrum users and national connectivity 

requirements. In particular, the transition from 

legacy Broadband Wireless Access (BWA) 

systems, coexistence with FSS in the extended C- 

Band, and the specific requirements of new 5G 

deployments are important factors that shape 

network planning. 

 
Table I. 3GPP specifications for 3.5 GHz NR bands 

NR 

Band 

UL and DL 

spectrum 

allocation 

Duplexing 

mode 

n48 3550 – 3700 MHz TDD 

n77 3300 – 4200 MHz TDD 

n78 3300 – 3800 MHz TDD 

 

A. Legacy Use and Transition from 

Broadband Wireless Access (BWA) 
Historically, portions of the 3.3-3.4 GHz band 

in Indonesia were allocated to Broadband Wireless 

Access (BWA) services. By the late 2010s, the 

utilization efficiency of this spectrum for BWA had 

significantly declined, prompting the government 

to initiate a spectrum refarming process to support 

mobile broadband services. In 2020, the Ministry 

of Communication and Informatics issued a 

moratorium to terminate BWA operations in the 

3312.5-3400 MHz range upon license expiration, 

marking the formal transition toward IMT usage 

[5]. 

From a 2026 perspective, the BWA issue should 

no longer be considered an active operational 

constraint, but rather a transitional regulatory phase  

that influenced the timing and availability of mid-

band spectrum for 5G deployment. The refarming 

process delayed spectrum readiness and auction 

schedules, affecting early 5G rollout planning. 

Nevertheless, this historical context remains 

relevant, as it explains why contiguous mid-band 

allocations were not immediately available, unlike 

in several other regions. 

In addition, international regulations allocate 

the 3.3-3.4 GHz band in ITU Region 3 not only for 

IMT but also for radiolocation services [6]. 

Neighboring countries such as Singapore and 

Brunei utilize this spectrum for radar and 

radiolocation applications [5] as depicted in Fig.1. 

As a result, cross-border coordination and 

interference considerations remain part of the 

national regulatory framework. Furthermore, the 

government should conduct immediate 

communication with the Indonesian military 

regarding this spectrum, in order to coordinate the 

sharing issue with radar and radiolocation 

application in Indonesia. 

A temporary solution is by utilizing the 3.3 GHz 

to 3.4 GHz spectrum in a limited way, such as for 

indoor application and specific outdoor locations to 

avoid interfering with existing services, just like 

Malaysia did [5]. 

B. Fixed Satellite Service (FSS) and 

Extended C-Band Coexistence 
Spectrum 3.5 GHz is the most ideal spectrum 

for the use of 5G mobile broadband and already 

used by European countries, Korea, and Japan for 

mobile broadband service [7]. Among all bands, it 

offers the most maturity regarding coverage and 

device support. Indonesian vendors, including 

those supplying network equipment and chipsets, 

have already released devices that support all 3.5 

GHz NR bands, specifically n41 and n77 and n78 

[5]. Moreover, Global mobile Supplier Association 

(GSA) reported that device with 3.5 GHz 

capability is the most device available worldwide 

[5]. 

The most significant regulatory challenge in the 

3.5 GHz band arises from coexistence with Fixed 

Satellite Service (FSS). Specifically, the band from 

3.4 GHz to 3.6 GHz is in a range called extended 

C-band, which used as addition to the standard C-

Band for downlink FSS as shown in Fig. 2 [7]. In 

tropical regions like Indonesia, the C-band is useful 

because it is less affected by rain attenuation than 

Ku- and Ka-band frequencies. Furthermore, as an 

archipelagic nation, Indonesia relies primarily on 

satellite services because its fiber optic network is 

still underdeveloped. In fact, around 65% of VSAT 

users are mobile broadband providers who rely on 

it to connect remote islands and rural areas. Giving 

up the extended C-band would lead to a reduced 

backhaul bandwidth for mobile broadband, which 

in turn reduces overall capacity. 
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Fig. 1. 3.3 GHz frequency allocation plan of neighboring country. 

 

 

Discussions on the use of the C-band for 

International Mobile Telecommunication (IMT) 

have continued across multiple World 

Radiocommunication Conferences (WRC), with 

the band remaining allocated to FSS [8] while 

allowing IMT identification under specific 

conditions. To accommodate both satellite and 

mobile broadband services, the Indonesian 

government adopted a shared-spectrum approach 

between IMT and FSS [5]. Under this framework, 

part of the extended C-band is designated for 

mobile broadband deployment, as shown in fig. 3. 

Placing IMT and FSS spectrum next to each 

other is risky because ground stations are very 

sensitive to interference. The satellite community 

strongly rejects this idea, in 2009 the satellite 

services once have been interfered by BWA at 3.5 

GHz [7]. However, a coexistence trial done by 

Telkom group reported that the scheme can be 

realized by applying a 100 MHz guard band 

between the two services [5]. As a result, mobile 

broadband services will have a 200 MHz 

allocation, as illustrated in Fig. 3. Clearly, a 100 

MHz guard band is too wide, leading to wasted 

spectrum resources. Additional studies are 

necessary to assess whether the guard band can be 

reduced. 

Although earlier plans targeted spectrum 

availability in the early 2020s, the release of the 3.5 

GHz band has progressed more slowly due to 

ongoing coexistence and migration challenges [5]. 

Coexistence with satellite services significantly 

affects 5G network design from both regulatory 

and technical perspectives. Larger guard bands 

reduce available spectrum and constrain system 

capacity, while tighter sharing arrangements 

necessitate precise coordination and protection for 

satellite earth stations. As highlighted in [9], 

maintaining sufficient distance between IMT base 

stations and satellite terminals may be required to 

avoid interference. In dense urban deployments, 

this can be particularly challenging due to limited 

available space and high building density. 

 

 
 

Fig. 2. Existing C-Band allocation. 

 

 
 

Fig. 3. Planned extended C-band allocation for mobile broadband. 

 

One approach to minimize interference between 

FSS and IMT is to regulate minimum separation 

distances between satellite nodes, such as VSAT 

terminals, and mobile broadband base stations. In 

Indonesia, this requires mapping all operational 

satellite nodes. Plum [9] recommends maintaining 

distances of 44–93 km between VSATs and macro 
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cells and 2–58 km between VSATs and small cells 

to prevent harmful interference. Implementing this 

solution is challenging in practice since it needs 

coordination among multiple providers. Despite 

these challenges, this strategy offers an optimal use 

of the 3.5 GHz spectrum while the country’s fiber 

optic infrastructure matures. 

C. Implications for 5G Deployment in Ibu 

Kota Negara 
In the IKN context, 3.5 GHz regulations create 

practical challenges for 5G deployment. Firstly, 

operators face reduced peak throughput due to 

limited continuous blocks of spectrum. Secondly, 

coexistence requirements can restrict where 

terrestrial base stations are placed and how they 

operate. Finally, these factors require conservative 

assumptions in coverage and capacity planning and 

highlight the importance of complementary 

spectrum layers to support capacity demands. 

Although 5G deployment has progressed, 

regulatory constraints in the 3.5 GHz band remain 

important factors in shaping network architecture. 

Examining these issues together illustrates how 

spectrum policies affect coverage and capacity 

planning in a newly developed smart city. 

 

III. TECHNICAL FACTORS 

A. Coverage Planning Approach 
Coverage planning aims to estimate how many 

base stations (BS) are required to provide adequate 

signal coverage across the IKN area. This step 

helps provide a rough estimate of the costs for 

building a 5G network on the 3.5 GHz frequency. 

To determine the number of BSs required, one 

must first estimate the coverage radius of a 5G 3.5 

GHz cell, which involves several calculation steps 

and assumptions. 

The first step involves estimating the path loss 

between a BS and a user equipment (UE) at the cell 

edge, given the BS transmit power, required SINR 

for demodulation, and other losses. This study aims 

to estimate the total number of macro-BSs required 

for the IKN region. Hence, the path loss calculation 

(1) in this work uses standard equation from 3GPP 

38.901 for macro-BS for urban area (UMa) 

standard [10].  

 

𝑃𝐿𝑈𝑀𝐴 = 𝑃𝑇 − 𝐹𝑆 + 𝐺𝑇 − 𝐿𝐶 − 𝐿𝑝 −

𝐿𝐹 − 𝐿𝐼 − 𝐿𝑅 − 𝐿𝑓 + 𝐺𝑟 − 𝑃𝑁 − 𝑁𝑈 − 𝑃𝑅   (1) 

 
Where the parameter descriptions and used 

assumptions are given in Table II. 

After knowing the path loss value, next stage is 

to calculate the cell radius using propagation model 

standardized in 3GPP 38.901 UMa LOS model 

[10]. In this stage, the cell radius result depends on 

the frequency value used as shown in (3). 

 

𝑑′𝐵𝑃 = 4 ∙ ℎ′
𝐵𝑆 ∙ ℎ′𝑈𝑇 ∙

𝑓𝑐

𝑐
 

(2) 

 
𝑃𝐿𝑈𝑀𝐴 = 28.0 + 40 𝑙𝑜𝑔10( 𝑑3D) +

20 𝑙𝑜𝑔10( 𝑓𝑐) − 9 𝑙𝑜𝑔10( (𝑑BP
′ )2 + (ℎBS −

ℎUT)2)  (3) 

 

Where, 

𝑑′𝐵𝑃 = Breakpoint distance (m). 

ℎ′𝐵𝑆 = gNodeB height – Equipment’s height 

(m). 

ℎ′𝑈𝑇 = User transmitter’s height – 

Equipment’s height (m). 

𝑐 = Speed of light (3𝑥108 m/s). 

𝑑3𝐷 = BS and UE resultant distance (m). 

𝑓𝑐 = Carrier frequency (Hz) 

ℎ𝐵𝑆 = gNodeB height (m). 

ℎ𝑈𝑇 = User transmitter’s height (m). 

 
The final cell radius 𝑑2𝐷 is obtained by (4). 

 

𝑑2𝐷 =  √(𝑑3𝐷)2 − (ℎ𝐵𝑆 − ℎ𝑈𝑇)2 (4) 

 

The calculated cell radius of a single 5G 3.5 

GHz cell can be used to obtain the area of the cell 

by assuming the cell is hexagonal (5). 

 

𝑆𝑖𝑛𝑔𝑙𝑒 𝑐𝑒𝑙𝑙 𝑎𝑟𝑒𝑎 = 2.6 ∙ (𝑑3𝐷)2 (5) 

 

Finally, the number of BSs needed for all area 

is calculated by simply dividing the total area to the 

area of a single cell (6). 

 

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑔𝑁𝑜𝑑𝑒𝐵 =
𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 (𝑘𝑚2)

𝑆𝑖𝑛𝑔𝑙𝑒 𝑐𝑒𝑙𝑙 𝑎𝑟𝑒𝑎 (𝑘𝑚2)
  (6) 

 

Table III shows the considered parameters and the 

calculation result of propagation model used in this 

work. The IKN area is divided into three zones with 

different purposes as illustrated in Table IV. The 

first zone called the development area, Kawasan 

Pengembangan Ibu Kota Negara (KPKN) with 

1999.6 km2, 75% of this area is planned to be an 

open area. The second and the third zone called 

Kawasan Ibu Kota Negara (KIKN) and Kawasan 

Inti Pusat Pemerintahan (KIPP) which will become 

residential and administrative center [12]. In this 

study, the number of base stations for KIKN and 
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KIPP zones, spanning 628.51 km², is calculated. 

The results indicate that a minimum of 245 BSs is 

needed to cover the IKN area.  

 

Table II. Link budget calculation. 
Link Budget Parameters Value 

𝑃𝑇  gNodeB transmit power (dBm) 49 

𝐹𝑆 Subcarrier factor, 10 ∙
𝑙𝑜𝑔10(𝑠𝑢𝑏𝑐𝑎𝑟𝑟𝑖𝑒𝑟𝑠)(dB) 

35.15 

𝐺𝑇 Transmit antenna gain (dBi) 18 

𝐿𝑐 Cable loss (dB). 2 

𝐿𝑃 Penetration loss (dB) 26 

𝐿𝐹 Foliage loss (dB) 19.5 

𝐿𝐵 Body block loss (dB) 3 

𝐿𝐼 Interference margin (dB) 2 

𝐿𝑅 Rain margin (dB) 0 

𝐿𝑓 Slow fading margin (dB) 8 

𝐺𝑅 Receiver antenna gain (dB) 0 

𝑃𝑁 Thermal noise power (dBm) -153.93 

𝑁𝑈 Ue noise figure (dB) 9 

𝑃𝑅 Demodulation threshold SINR 

(dB) 

7 

𝑷𝑳𝑼𝑴𝑨 Path loss UMA (dB) 109.28 

 
Table III. Base station requirement calculation 

Parameters Value 

𝑓𝑐 3.5 GHz 

ℎ𝐵𝑆 25 m 

ℎ𝑈𝑇 1.5 m 

Equipment’s height 1 m 

𝑑3𝐷 992.7 m 

𝑑2𝐷 992.4 m 

Single cell area 2.56 𝐾𝑚2 

IKN area 628.51 𝐾𝑚2 

Required gNodeB 245 

 
Table IV. Three zones of IKN area. 

 KPIKN KIKN KIPP 

Area 1999.6 𝑘𝑚2 561.8 𝑘𝑚2 66.71 𝑘𝑚2 

Alloc

ation 
• Green open 

space 

• Military area 

• Industrial 
area 

• Habitation 

• Business 
district 

• Offices 

• Talent 
developm
ent center 

• College 

• Business 
hotel 

• Meeting, 
incentive, 
conventio
n, and 
exhibition 

• Smart 
governme
nt 

• Offices 

B. Capacity Approach 
The goal of the capacity approach is to estimate 

the spectrum necessary for serving a set customer 

base. According to Republic of Indonesia Rule No. 

3 of 2022, the IKN project will progress through 

five stages up to 2045. IKN is targeted to become 

a dense urban city with a maximum population of 

1.9 million people at the 5th stage [13]. Meanwhile, 

ITU-R M.2410.0 requires that the minimum 

downlink throughput for 5G technology is 100 

Mbps in the enhanced mobile broadband (eMBB) 

scenario for dense urban areas [14]. Hence, the data 

rate capacity will be provided by 5G technology at 

IKN should be approximately 190 Tbps for 

downlink eMBB application. 

The total capacity can be provided by a single 

cell is calculated using 3GPP TS.38.306 standard: 

NR; User Equipment (UE) radio access capabilities 

[15]. as shown in (7). In this work we assume the 

total bandwidth allocation is 200 MHz, ranged 

from 3.4 GHz to 3.6 GHz. 

 

R (Mbps) = 10−6 ⋅ ∑ (𝑣𝐿𝑎𝑦𝑒𝑟𝑠
(𝑗)

⋅ 𝑄𝑚
(𝑗)

⋅𝐽
𝑗=1

𝑓(𝑗) ∙ 𝑅𝑚𝑎𝑥 ∙
𝑁𝑃𝑅𝐵

𝐵𝑊(𝑗),𝜇
⋅12

𝑇𝑠
𝜇 (1 − 𝑂𝐻(𝑗)))   

(7) 

 

Where, 

𝐽 = Aggregated carrier components. 

𝑣𝐿𝑎𝑦𝑒𝑟𝑠
(𝑗)

 = Maximum MIMO Layers. 

𝑄𝑚
(𝑗)

 = Modulation order. 

𝑓(𝑗) = Scaling factor given by higher 

layer parameter. 

𝑅𝑚𝑎𝑥 = Coding rate. 948/1024 for LDPC 

coding. 

𝜇 = Numerology, a value to 

determine carrier spacing. 

𝐵𝑊(𝑗) = Spectrum bandwidth. 

𝑁𝑃𝑅𝐵
𝐵𝑊(𝑗),𝜇

 = Maximum resource block 
allocation. 

𝑇𝑠
𝜇

 = OFDM Symbol duration. 

𝑂𝐻(𝑗) = Overhead value for control 
channel. 

 

Table V lists the assumptions used to estimate 

the total throughput a single 5G 3.5 GHz layer can 

provide in the IKN area. The comparison of 

required throughput versus available capacity is 

illustrated in Fig. 4. As shown in the figure, a single 

200 MHz spectrum is insufficient to meet user 

demand in IKN. Less than 10% of the needed 

throughput can be supported by the 3.5 GHz band. 
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This issue can be addressed by using multiple 

carriers, leveraging all government allocated 

spectrum, including low, mid, and high bands for 

future 5G mobile broadband.  

 
Table V. Total offered capacity calculation. 

Parameter Value 

Direction Downlink 

Duplexing FDD 

J 1 

𝑣𝐿𝑎𝑦𝑒𝑟𝑠
(𝑗)

  8 

MU MIMO Beams 4 

𝑄𝑚
(𝑗)

 6 (64 QAM) 

𝑓(𝑗) 1 

𝑅𝑚𝑎𝑥 948/1024(5G LDPC) 

𝜇 1 (30 KHz) 

FR FR1 

𝑂𝐻(𝑗) 0.14 

𝑇𝑠
𝜇

 35.7 𝜇𝑠 

TDD DL:UL Config 4:1 

BW 2 x 100 MHz 

Single cell throughput 22.436 Gbps 

Sector per gNodeB 3 

gNodeB 245 

Total offered throughput 16.49 Tbps 

 

 
Fig. 4. Total throughput requirement and the fulfillment. 

 

IV. CONCLUSION 
This study examined regulatory and legal 

factors, including legacy spectrum use and 

coexistence with FSS service in the extended C-

Band, alongside technical aspects such as coverage 

and capacity for a 3.5 GHz 5G deployment. Using 

Ibu Kota Negara (IKN) as a case study, we 

highlight how these regulatory and technical 

factors shape network planning in a tropical, smart 

city context. The results show that the deployment 

requires approximately 245 gNodeBs with an 

estimated cell radius of 992.4 m and a total network 

capacity of 16.49 Tbps. These results indicate that 

a single-band approach is not sufficient to fully 

support the projected demand, and careful 

consideration of propagation limits and 

coexistence requirements is necessary to ensure 

reliable 5G services. Future studies that explore the 

integration of multiple spectrum layers will offer 

valuable guidance for policymakers and network 

planners designing 5G networks in newly 

developed smart cities. 
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