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ABSTRACT

Papua New Guinea is preparing to embrace the transformative impact of 5G technology on its 
telecommunications sector. As network expansion progresses, it becomes more susceptible to various challenges that 
can potentially disrupt data transfer and degrade service quality. A comprehensive analysis of the existing issues 
affecting current mobile network services is essential to facilitate an effective transition to 5G. This study investigates 
the traffic patterns of GSM, 3G and 4G mobile services offered by the Mobile Network Operators (MNOs) in selected 
areas of Lae, Papua New Guinea specifically the Lae Central Business District, Eriku Shopping Centre and Lae 
Downtown. The study utilizes a PR100 portable receiver and MS2T07 spectrum analyzer with HE300 and 
ESLP9145 log periodic antennas to measure the spectrum receiver (Rx) levels and base station power 
levels. Emissions were detected within the guard bands of MNO traffic channels and the Universal 
Mobile Telecommunications System (UMTS) carrier, with signal degradation being attributed to factors such as 
multipath effects, including spectral broadening, Doppler spread, and Rayleigh small-scale fading. These issues 
were also found to be caused by backhaul limitations, complexities in multipath propagation, network power 
outages, and various types of interference. To address the issues, strategies such as reducing base station 
transmission power and mitigating external interference were implemented. As a result, a substantial 
reduction in received total wideband power (RTWP) levels and an improvement in overall spectrum quality 
were achieved. The findings of this study provide valuable insights for stakeholders such as the National 
Information and Communication Technology Authority (NICTA) and MNOs, serving as a technical reference 
for optimizing network performance and facilitating the deployment of 5G infrastructure.

Keywords:  Interference; network optimization; out-of-band emissions; spectrum; guard band; multipath effects; 
spectral broadening and Doppler spread

INTRODUCTION

The telecommunications landscape worldwide has been 
revolutionized by the evolution of wireless communication, 
leading to the emergence of fifth generation (5G) 
technologies. The demand for faster, more reliable, and 
versatile wireless infrastructure has propelled the 
development of 5G, which offers support for a diverse 
range of applications, from autonomous vehicles to smart 
city initiatives (Ayaz et al. 2019; Eskandarian et al. 2020; 
Javed et al. 2022). Papua New Guinea, like many other 

countries, is also poised to feel the effects of 5G technology 
on its telecommunications industry. The significant growth 
in telecommunications subscribers in Papua New Guinea 
highlights the necessity to expand network infrastructure 
to cover a broader area and meet the growing demand for 
data services. This expansion supports the increasing 
availability of mobile networks, applications, and services, 
which have brought significant economic and social 
benefits to the Papua New Guinea community. These 
include online banking, location services, news and 
entertainment, and social networks, all of which are 
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gradually becoming more integrated into their daily lives 
and activities.

Network expansion will increase the prevalence of 
interference and other network issues, which can impact 
data transfer and the quality of services (QoS) (Mazhar et 
al. 2023). Stakeholders must prioritize addressing these 
challenges to ensure the continued advancement of 
communication technology in Papua New Guinea. This 
involves implementing technological solutions, 
improving infrastructure and creating a regulatory 
framework to maintain service quality. The National 
Information and Communications Technology Authority 
(NICTA) in Papua New Guinea oversees ICT regulation, 
managing licensing, compliance, and spectrum 
planning. It ensures the availability of a spectrum 
for current and future needs, including technologies 
such as 5G. The country is also considering the 
inclusion of International Mobile Technology-2020 
(IMT-2020 Standard) or 5G technology through a public 
consultation process.

Mobile network operators (MNOs) are constantly 
making efforts to control and reduce interference 
levels. This is achieved through the implementation of 
physical techniques such as antenna panning and tilt, 
which adjust gain patterns and prevent overlap into the 
next cell footprint. Other approaches include soft 
optimization methods such as; adjusting base station 
transmit power, implementing location-based zoning 
and separation distances, enhancing filtering and 
ensuring sufficient guard bands between frequency bands. 
Cooperation between the government, the network 
operators and other related entities is important to 
effectively manage and overcome these challenges. 

This paper analyzes traffic patterns in Papua 
New Guinea to assess network stability, quality and 
capacity. The research focused on existing 3G and 4G 
networks, which will serve as the foundation for the 
upcoming 5G networks. This study holds significant value 
for stakeholders in Papua New Guinea, particularly the 
NICTA and MNOs, by providing actionable insights 
and workable solutions that can alleviate the interference 
problems faced. In summary, the main contributions to 
this paper are as follows: 

1. Review of network development concerns and 
technical challenges in Papua New Guinea

2. Evaluation of spectrum utilization for local 
mobile networks in the Lae District

This paper is organized into several sections to 
provide a comprehensive analysis of mobile networks 
in Papua New Guinea. Section 2 examines the evolution 
of mobile networks, network development concerns 
specific to the region, and the technical challenges 
faced in mobile network infrastructure. Following 
this, Section 3 details the spectrum measurement setup 
employed in the study. 

In Section 4, the paper presents an in-depth analysis of the 
spectrum measurements conducted. Finally, Section 5 
serves as the conclusion, summarizing the key findings and 
implications discussed throughout the paper.

MOBILE NETWORKS IN PAPUA NEW 
GUINEA

The evolution of mobile networks has witnessed significant 
advancements globally (Kar et al. 2021; Singh et al. 2024). 
This has prompted consideration of network development 
concerns, particularly in regions like Papua New Guinea, 
where technical challenges persist in the implementation 
and operation of the latest mobile networks. Presently, the 
country deals with digital disparities. The World Bank 
(World Bank Group, 2020) reports that the capital, Port 
Moresby, and Lae, the two primary urban centers, account 
for approximately 70% of internet users and mobile 
network coverage in Papua New Guinea. However, remote 
rural areas, which constitute 87% of the country’s estimated 
population of 8.42 million, experience limited connectivity. 
As technological advancements progressed and the demand 
for mobile connectivity increased, initiatives were 
undertaken to extend network infrastructure into remote 
and rural areas. This strategic expansion aims to mitigate 
the digital divide by providing communication services to 
underserved communities. Papua New Guinea has 
witnessed the deployment of various generations of mobile 
technology, including 2G, 3G, and 4G/LTE networks. 
According to International Telecommunication Union 
(ITU) and Statista Market Insights, it is projected that in 
2024, 4G network coverage in Papua New Guinea will 
reach approximately 57.63%, while 3G network coverage 
is expected to reach around 64.77%. These findings signify 
substantial advancements in mobile network infrastructure, 
particularly in the adoption of 3G and 4G technologies. 
These advancements are crucial for delivering faster data 
speeds and enhancing connectivity for users throughout 
the country.  Figure 1 depicts the coverage areas of 2G, 
3G, and 4G networks provided by Telikom Limited across 
Papua New Guinea as of February 2022. 

The emergence of 4G technologies has significantly 
improved data rates, offering speeds of up to 1000 Mbps, 
making it the most efficient mobile technology in Papua 
New Guinea thus far. 4G has significantly improved the 
wireless experience through its  cost-effective 
implementations that leverage existing infrastructure, 
minimal latency, and efficient spectrum utilization 
(Rajalakshmi Krishnamurthi & Mukta Goyal, 2018; Zubair 
Amjad et al. 2018). Impressive user applications such as 
high-definition video streaming, high-end gaming, 
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sophisticated graphical user interfaces, and high 
performance have become possible with 4G. In Papua New 
Guinea, 4G access technologies are deployed in the 
700MHz and 1800MHz bands, with each operator allocated 

specific frequency bands and carriers to meet the demand 
for higher data rates. Nevertheless, 4G technology does 
have certain limitations, such as high-power consumption 
and inefficient spectrum utilization.

FIGURE 1. Coverage areas around Papua New Guinea Source: Telikom Limited

The insufficiency of 4G necessitated the development 
of 5G technology. The key features of 5G include 
significantly lower latency for real-time communication, 
increased bandwidth to support more devices and higher 
data rates, and advanced technologies like massive multiple 
input multiple output (MIMO) and beamforming for 
improved network efficiency and coverage (Erunkulu et 
al. 2021). Papua New Guinea is now in the initial phases 
of planning for the implementation of 5G technologies. It 
is anticipated that comprehensive technical standards will 
not be established until 2020 and subsequent years. 
Extensive testing of applications and products utilizing 5G 
technology is necessary, along with engaging stakeholders 
across various sectors and expertise areas. Exploring new 
business models within the telecom market is also crucial, 
considering different investment incentives for MNOs 
investing in 5G infrastructure and downstream industries 
creating new 5G use cases (Banda et al. 2022; Nidhi et al. 
2022).

NETWORK DEVELOPMENT CONCERN IN 
PAPUA NEW GUINEA

Papua New Guinea faces major challenges in expanding 
and improving coverage in its telecommunications sector 
due to its unique geography and demographics. The country 
has more than 600 islands, scattered over a wide area, and 

is sparsely populated. These areas struggle with a lack of 
essential facilities and support infrastructure, such as 
electricity and good access roads, which are needed for 
telecommunications networks. In addition, Papua New 
Guinea is prone to occasional natural disasters, which can 
further damage existing infrastructure. One approach to 
addressing these difficulties is to invest in infrastructure 
development that will  provide electricity and good road 
coverage to remote areas. Disaster preparedness measures 
and building resilience need to be implemented to reduce 
the impact of natural disasters on existing infrastructure 
(Bhardwaj et al. 2021; Tariq et al. 2021). This may include 
building resilient infrastructure and early warning systems 
to minimize damage and facilitate faster recovery in the 
event of a disaster.

Regulatory policies that encourage infrastructure 
sharing and reuse can significantly reduce the costs 
associated with deploying 5G networks, although 
implementing such policies can be complex (Dogra et al. 
2021). It is highly recommended that infrastructure sharing 
be mandated, especially as Papua New Guinea’s landscape 
becomes increasingly cluttered with unsightly macro-
towers and small cell deployments on the rooftops of 
high-rise buildings (refer to Figure 2). Policymakers should 
also consider expanding the duct access regime to include 
5G networks, thereby lowering the investment costs for 
5G fiber backhaul networks. Local authorities may consider 
maintaining a central database that identifies key contacts 
and assets such as utility ducts, fiber networks, CCTV 
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posts, and lampposts to assist operators in accurately 
planning their infrastructure costs.

FIGURE 2. Small cell deployments on rooftops in Lae city 
(source: own)

The 5G ecosystem is expected to involve various 
sectors and users across different domains, such as 
smart cities, industry automation, health and logistics, 
all of which may handle sensitive information and 
require specific security measures (Guevara & 
Cheein 2020). Despite technological advancements, 
telecommunications vendors may still struggle to 
adequately protect 5G networks from unauthorized 
access or interference, leaving them vulnerable to 
cyberattacks. These vulnerabilities could also lead to 
national security threats, including radio jamming or 
enabling threat actions to repurpose base stations to 
redirect, modify, or duplicate traffic to a shadow 
network while maintaining the appearance of 
normal functionality (Khan et al. 2020). Higher security 
measures are essential to safeguard key-networked 
systems and electronic data stored or transmitted within 
these networks. Cybersecurity training is essential for 
personnel across all sectors and stakeholders to review 
and update existing cybersecurity frameworks to 
address 5G security issues and educate local authorities 
to address privacy breaches through legislation and 
cybersecurity laws.

TECHNICAL CHALLENGES IN MOBILE 
NETWORKS

Figure 3 highlights the technical complexities and 
limitations inherent in each generation of mobile networks 
in Papua New Guinea, affecting factors such as 
reliability, capacity, latency, and interference 
management. GSM, while widely used, has several 
limitations that affect its performance (Kumar et al. 
2010). There is a high possibility of interference due to the 
absolute radio frequency channel number (ARFCN) 
allocation. Poor allocation can lead to adjacent and co-
channel interference, impacting network reliability. In 
GSM circuit-switched networks, the achievable 
speeds are limited, thereby hindering data 

transmission efficiency. Moreover, mobile phones can only 
handle four to five time slots on downlink (DL), which 
imposes a constraint on the overall network capacity. The 
allocation of limited resources for data transmissions 
contributes to high latencies, which further constrain the 
system’s performance. These limitations highlight the 
challenges associated with maximizing the efficiency and 
capacity of GSM networks. 

In 3G networks, the latency of data transmission and 
reception is influenced by the round-trip time (RTT), which 
is the time it takes for a signal to travel from the sender to 
the receiver and back again (Hu et al. 2015). Several factors 
contribute to RTT and subsequently affect latency. Poor 
wireless quality, such as a low signal-to-noise ratio (SNR) 
and high interference, can increase RTT by causing delays 
in signal propagation. High traffic load, indicated by 
heavy usage at the base station and many users 
simultaneously transmitting data for up link (UL)users 
and receiving data for down link (DL)consumers, can 
also lead to longer RTT and increased latency. 
Additionally, lower-use categories like Universal Mobile 
Telecommunications System (UMTS) compared to 
HSPA (High-Speed Packet Access) can contribute to 
higher latency due to differences in data transfer speeds. 
Moreover, the presence of multiple soft handovers, which 
occur when a mobile device transitions between different 
cells while maintaining a connection, can further increase 
RTT and latency in 3G networks.

FIGURE 3. Challenges of Mobile Networks in Papua New 
Guinea

4G-LTE encounters two main types of interference: 
inter-cell interference and co-channel interference (Cai et 
al. 2021). Despite having a similar reference signal 
receiving power (RSRP), inter-cell interference originates 
from nearby cells and is distinguishable by a lower signal-
to-noise ratio (SNR). On the other hand, co-channel 
interference occurs due to the use of shared frequencies in 
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LTE networks. This interference is caused by factors such 
as increased cell loading, incorrect physical cell identity 
(PCI) settings, and excessive penetration from neighboring 
cells. High levels of received signal strength indicator 
(RSSI) can often lead to UL interference in LTE networks. 
Several factors contribute to this issue, including a poor 
radio frequency (RF) environment, external interference 
from devices like boosters or unauthorized ICT equipment, 
hardware problems such as damaged antennas and cables, 
and incorrect configuration of network parameters.

Studies indicate that with 5G, achieving optimal 
spectrum performance will require not only advanced 
technology but also collaborative efforts among various 
stakeholders to address potential interference challenges 
effectively (Sadhana D. Poshattiwar, 2024; Siddiqui et al. 
2021; Trejo Narváez & Miramá Pérez, 2018; Yağcıoğlu, 
2022). Inter-Cell Interference Coordination (ICIC) helps 
minimize interference between cells through methods like 
almost blank subframes (ABSs). Heterogeneous networks 
incorporate small cells to enhance coverage, while 
advanced multi-antenna systems, such as beamforming, 
focus signals to reduce interference. Moreover, dynamic 
power control and resource allocation are employed to 
optimize both transmission power and frequency usage. 
Cognitive Radio (CR) technology plays a significant role, 
allowing for dynamic allocation and efficient use of 
spectrum resources, particularly in small cell deployments. 
However, implementing CR faces regulatory hurdles and 
requires more adaptive policies to encourage flexible 
spectrum utilization. 

Different countries and organizations use various 
strategies to manage the spectrum efficiently. In the United 
States, the Federal Communications Commission (FCC) 
and the National Telecommunications and Information 

Administration (NTIA) collaborate to coordinate spectrum 
sharing between federal and non-federal users to reduce 
harmful interference. Regulatory bodies also address these 
issues by implementing measures such as creating guard 
bands and enforcing strict power level regulations. The 
flexible and dynamic use of the available spectrum is seen 
as a crucial strategy for improving overall spectrum 
management.

To prepare for the transition to 5G networks in Papua 
New Guinea, it is important to address the network issues 
associated with the existing technology (Navarro-Ortiz et 
al. 2020; Norp, 2018). This paper investigates the network 
traffic pattern in determining the future performance of 
network stability and capacity, emphasizing its impact on 
various aspects such as interference reduction, improved 
call success rate, improved data throughput, and overall 
network capacity. 

SPECTRUM MEASUREMENT METHOD

In Papua New Guinea, the telecommunications landscape 
is dominated by several major MNOs. Digicel offers a 
comprehensive range of services encompassing voice calls, 
data connectivity, and mobile money services. Another 
significant operator in the country is Telikom PNG, which 
specializes in delivering both mobile and fixed-line 
telecommunications services throughout Papua New 
Guinea. Additionally, BeMobile and Vodafone hold a 
substantial presence in the market as other major MNOs. 
Similar to their counterpart Digicel, BeMobile and 
Vodafone provide a wide array of mobile telecommunications 
services, including voice calls and data connectivity 
options.

FIGURE 4. Google Earth view of Lae central business district showing the test points.

In this paper, the spectrum measurements are 
conducted at Lae, a densely populated city in Papua New 
Guinea. The measurement aims to thoroughly analyze the 
behavior of existing MNOs and correlate their traffic 

patterns. Figure 4 displays the locations of the test 
measurement at the transmission towers within the central 
business district of Lae. The PR100 portable receiver and 
MS2T07 spectrum analyzer will be utilized to collect 
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spectrum data on-site. Figure 5 displays the configuration 
of the portable receiver in spectrum and waterfall mode, 
together with the HE300 antenna used in this measurement. 
While Figure 6 shows the spectrum analyzer set up in 
spectrum mode with an ESLP9145 log periodic antenna. 

The measured data will then be evaluated to provide 
comprehensive information regarding the interference 
issues that may affect the QoS for MNOs. Table 1 displays 
the configuration of the PR100 portable receiver and 
MST207T spectrum analyzer.

(a) PR100 portable receiver set up in spectrum and waterfall
mode

(b) HE300 antenna

FIGURE  5. PR100 portable receiver

(a) MST207T spectrum analyzer set up in spectrum mode (b) ESLP9145 log periodic antenna

FIGURE   6. MST207T spectrum analyzer

TABLE 1. Configuration for PR100 portable receiver and MST207T spectrum analyzer
Equipment Attenuator on/off Equipment Settings for Scanning

PR100
(Frequency range: 9KHz-20GHz)

The (10dB) internal 
attenuator is activated upon 

requirement.

Scan Mode: Panoramic Scan (PSCAN)
RF-Pan Level Reference: -23dBm

RF-Pan Level Range: 80dB
RF Display Mode: Normal (Max Hold utilized when 

required).
Waterfall level Range: -87dBm (best visibility range is from 

-52dBm to -87dBm)
Waterfall color Table: Default  

MST207T
(Frequency range: 9KHz-20GHz)

The internal attenuator 
must always be activated. 

Advisable to insert an 
external attenuator if the 

equipment presents a high 
internal SWR

Ref Level (Amplitude): -30dBm
Span: 100.00MHz
BW(RBW):1MHz

VBW: 300kHz
Sweep Time: 67ms

Sweep: Fast Continuous
Traces: Normal and Max-Hold

Scan Mode: Spectrum Analyzer and Interference Analyzer 
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The off-air data collection method was used in this 
measurement since it doesn’t require connecting test 
equipment to the live base station system. The measurements 
of receiver (Rx) level are based on the peak values of the 
carriers and traffic channels. Most of the spectrum readings 
were taken in the open air, directly in the line of sight of 
the nearest base stations. The measurements provide 
comprehensive readings across the whole spectrum, 
primarily focusing on the GSM band, the CDMA 850MHz 
band, and the DCS 1800MHz band. Mitigation methods 
will be identified to suppress or eliminate interference on 
mobile networks. The collected data will be utilized to 
assess the performance of MNOs and provide guidance for 
future developments.

SPECTRUM MEASUREMENT ANALYSIS

The spectrum measurements were taken at Lae central 
business district, Eriku shopping center, and Lae 
downtown. The results are shown in Figures 7 to 9. Figure 
7 displays the spectrum measurement reading taken in the 
morning and afternoon at the central business district of 

Lae. The red dotted line depicts the variations in the 
amplitude, and hence the power, of the received signals. 
The recorded Rx levels range from GSM: -45dBm to 
-67dBm and LTE: -23dBm to -45dBm. Emissions are
observed within the guard bands of both operators’ traffic
channels (TCH) and the UMTS carrier operators, Digicel
and BeMobile. The Digicel LTE signal, which initially had 
a reading of -45dBm after a period of activity, appears to
have increased to -23 dBm. The amplitude of the LTE
carrier from BeMobile exhibited three deviations over the
capturing period, commencing at -45dBm, subsequently
rising to -23dBm, and ultimately stabilizing at around -20
to -19dBm. The multipath effects on the signals cause either 
spectral broadening or Doppler spread and Rayleigh small-
scale fading, affecting the shape of the carriers with
noticeable amplitude variations (distortion in the carriers). 
Multipath fading is a phenomenon in which the transmitted 
signal arrives at the receiver via multiple propagation paths 
at different delays due to reflection, diffraction, and
scattering of radio waves. It results in a wide variation in
the received signal strength since the multiple signals
arriving at the receiver can add up either constructively or
destructively.

FIGURE 7. Spectrum measurement at Lae central business district
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Figure 8 displays the spectrum measurement reading 
taken in the morning at the Eriku shopping center for 
Digicel and BeMobile. In the GSM band, the areas marked 
with circles indicate signal spillage that extends into the 
guard band and overlaps with the adjacent carriers of the 
next operator. However, the LTE band appears relatively 
clean, with only minor signs of emissions present in the 
unused portion of the spectrum. More pronounced signal 
spillage is observed in the WCDMA carriers of both MNOs, 
resulting in significant distortion, particularly affecting the 
Be-Mobile UMTS carrier. While the LTE carriers exhibit 

normal characteristics with captured received signal levels 
at the default value of -23 dBm. The spectrum measured 
at Eriku consistently shows strong signal strengths, which 
effectively mask the guard bands, with Digicel downlink 
signals appearing stronger than those from BeMobile. The 
widening of the spectrum is thought to be caused by 
multipath effects, which cause Doppler spread and small-
scale fading. It could also be caused by GSM/GPRS and 
WCDMA systems sending out too much power or 
intermodulation products

FIGURE 8. Spectrum measurement at the Eriku shopping centre

Figure 9 depicts spectrum measurements taken in the 
morning at Lae downtown. In the GSM band, Rx levels 
range from -43 dBm to -45 dBm, while in the LTE band, 
Rx levels are approximately -20 dBm to -23 dBm. The 
spectrum observed shows indications of emissions 
beginning to occur at the guard band between the two 
operators, Digicel and BeMobile. In the LTE band, 
although side band emissions are evident, carriers are 

received at nearly perfect Rx levels, averaging -23 dBm. 
In the downtown area of Lae City, GSM band measurements 
are clear, with traffic channels and WCDMA/UMTS 
carriers distinctly visible and no signs of signal spillage. 
However, the Digicel LTE carrier exhibits uneven spikes 
throughout its amplitude, indicating the presence of an 
interferer.

FIGURE 9. Spectrum measurement at Lae downtown

Figures 7, 8, and 9 highlight significant signal spillage 
impacting the WCDMA carriers of both operators, with 
UMTS carriers notably affected by elevated power from 

adjacent operators. Key interference scenarios observed 
include traffic-induced cell breathing, which causes 
fluctuating data carrier shapes; elevated WCDMA traffic 
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that intensifies interference at cell edges; interference from 
neighboring base stations reducing downlink capacity; and 
intermodulation (IM) interference, appearing as in-band 
spurious signals and out-of-band emissions. Additionally, 
Table 2 presents a comprehensive dataset of measured Rx 

levels in Lae’s central business district, Eriku shopping 
center, and Lae downtown, detailing variations in signal 
strength across these urban locations to assess network 
coverage and quality.

TABLE 2. Measured Rx levels (dBm) at Lae central business district, Eriku shopping center, and Lae downtown.

Location MNO
Measured Rx levels (dBm)

Mobile Network/
Measurement Time

Morning 
(11AM-1PM)

Afternoon
(4PM-6PM)

Lae central 
business district

Digicel
GSM - 45 to -67 -45 to -67

3G/UMTS -43 to -45 -45
LTE -43 to -45 -40

BeMobile
GSM -23 to -45 -23 to -50

3G/UMTS -45 to -47 -45 to -46
LTE -20 to -23 -20 then decreased to -45

Eriku shopping 
centre

Digicel
GSM -23 to -67 -45 to -67

3G/UMTS -45 to -50 -45 to -46
LTE -23 -19 to -44

Telikom
GSM -45 to -46 -45 to -67

3G/UMTS -45 -45 to -46
LTE -25 -23

Lae downtown

Digicel
GSM -43 to -45 -43 to -45

3G/UMTS -30 to -43 -44
LTE -20 to -23 -23

BeMobile
GSM -20 to -45 -45 to -46

3G/UMTS -30 to -45 -45
LTE -19 to -20 -23

FIGURE 10. Location of base station sites around the PNG University of Technology interfered site
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FIGURE 11. RTWP levels at East Taraka and neighboring sites (April 15–26, 2021) 

A case study was conducted to assess elevated 
Received Total Wideband Power (RTWP) levels, indicative 
of interference, at the PNG University of Technology. East 
Taraka, along with its neighbouring sites Igam, West 
Taraka, and Lae Biscuit, are situated within the affected 
region, as shown in Figure 10. East Taraka exhibited the 
highest RTWP levels, designating it as the most significantly 
impacted site, while the surrounding locations also 
recorded elevated levels, indicating widespread interference. 
Figure 11 displays the RTWP levels recorded at East Taraka 
and its neighbouring sites from April 15 to April 26, 2021. 
RTWP values, which are indicative of noise and 
interference, are generally deemed acceptable at -100 dBm 
or lower; any values exceeding this threshold, signal 

increased interference. The consistently high RTWP levels 
across these sites suggest potential network stability issues, 
emphasizing the necessity for ongoing monitoring to 
identify and address interference sources promptly. 
Additionally, high floor noise levels were recorded at 
various locations within the PNG University of Technology, 
attributable to the presence of interference. These 
measurements were specifically taken at: (a) inside the 
university, (b) opposite the Lae Biscuit site, (c) at Igam 
Junction and (d) at Atlass Steel facing the West Taraka site, 
as shown in Figure 12. The elevated floor noise levels 
observed in these areas contribute to increased RTWP 
levels, further indicating potential challenges related to 
network stability and performance.

continue ...
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FI GURE 12. High floor noise levels recorded at various locations

... cont.

From June 19 to June 24, 2021, RTWP levels were 
recorded, showing improvement following two months of 
troubleshooting as shown in Figure 13. During this period, 
an external interferer, identified as a booster, was located 
and removed, resulting in a reduction in RTWP levels. This 
improvement highlights the positive impact of interference 
mitigation on network stability and performance. Here, 
two mitigation approaches have been conducted to enhance 
spectrum quality. Firstly, the transmitting power of the base 

station was reduced to mitigate potential interference. 
Secondly, efforts were made to pinpoint and eliminate the 
source of interference by disconnecting the interfering 
device. Utilizing a spectrum analyzer, extensive scanning 
was conducted until the precise source of interference was 
successfully located. Upon identification, the offending 
device, an illegal booster, was confiscated and promptly 
deactivated to restore optimal communication performance 
and minimize disruptions. 

FIGURE 13. Improvement in RTWP levels (June 19–24, 2021)

DISCUSSION AND CONCLUSION

This research has several limitations that should be 
acknowledged. Firstly, the study relied on radio network 
coverage simulation to analyze cell coverage, received 

signal Rx levels, and power predictions across all network 
operators for various radio technologies, including 2G, 3G, 
and 4G. While these simulations offer useful insights, they 
could not be directly compared with actual captured Rx 
levels obtained through a spectrum analyzer, portable 
receiver, and drive test data. This reliance on simulations 
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may affect the validity of the findings, as discrepancies 
between predicted and real-world performance could exist. 
Secondly, the absence of drive tests to collect data from 
the two mobile operators, Digicel and BeMobile, limited 
the benchmarking capabilities. This restriction hindered 
the ability to evaluate different events that are essential for 
assessing quality and performance at specific geolocations. 
Consequently, the research lacked a user-centric perspective 
on overall network health, as it was unable to capture 
critical parameters that measure interference across various 
radio technologies. Specifically, the study could not 
evaluate the Carrier-to-Interference ratio (C/I) for 2G, 
Downlink Carrier-to-Interference ratio (EC/IO) for 3G, or 
RSSI and Signal-to-Interference-plus-Noise Ratio (SINR) 
for 4G, which are vital for understanding network 
performance.

Future research efforts aimed at understanding and 
mitigating interference in the Lae Central Business District 
should focus on several key areas. Firstly, the application 
of Massive MIMO beamforming techniques presents a 
promising avenue for enhancing network performance (Jit 
Singh et al. 2023). Utilizing multi-user MIMO (Mu-
MIMO) with antenna arrays comprising 64 to 512 
elements, the gNodeB can effectively schedule data rates 
in accordance with the time-frequency domain, thereby 
allocating resources more efficiently. This approach is 
anticipated to reduce interference with adjacent channels 
and increase overall capacity for subscribers. Additionally, 
the integration of antenna beamforming and beam steering 
technologies is essential for effective interference 
coordination and mitigation as mobile networks continue 
to advance and mature.

The exploration of Coordinated Multipoint 
Transmission (CoMP) methods is crucial. CoMP 
encompasses Joint Transmission (JT) and Coordinated 
Scheduling/Coordinated Beamforming (CS/CB) methods. 
The JT method allows precise targeting of users, enabling 
signals from multiple coordinated base stations (BSs) to 
be combined at the user’s location without causing 
interference to others. This joint signal processing 
leverages MIMO precoding technology to support multiple 
concurrent data streams. In contrast, the CS/CB method 
implements a traffic management mechanism that mitigates 
interference to adjacent cell users by having BSs relinquish 
resources in either the spatial or temporal domains. The 
efficacy of CS/CB is contingent upon accurate Channel 
State Information (CSI) and the performance of the 
backhaul network. Therefore, further investigations into 
these multipoint coordination methods should include field 
experiments and trials in collaboration with mobile 
operators during periods of high traffic in densely populated 
areas.

Lastly, power control in Device-to-Device (D2D) 
environments represents another critical area for future 
inquiry. In D2D scenarios, it is imperative to adjust the 
transmit power of D2D communications below a predefined 
threshold while maintaining the Signal-to-Interference-
plus-Noise Ratio (SINR) requirements of cellular 
communications. The eNodeB plays a pivotal role in 
constraining the transmit power levels of D2D transmitters, 
thereby limiting interference to cellular receivers. This 
power control strategy is particularly effective when D2D 
pairs are in close proximity or at a sufficient distance from 
the serving eNodeB or Cellular User Equipment (CUE). 
Future studies will necessitate measurements in densely 
populated D2D environments, utilizing multiple devices 
in urban areas where access to various wireless technologies 
is available.

Based on the collected data, it is evident that various 
challenges within legacy networks (2G to 4G) significantly 
affect the QoS for users in Papua New Guinea. These 
challenges include network power outages, interference 
issues, backhaul limitations, and complexities related to 
multipath propagation. In the foreseeable future, it is 
anticipated that subscribers will prioritize consistent 
network availability, accessibility, high voice quality, and 
swift download and upload speeds when selecting service 
providers. Given the country’s rapid digital transformation, 
it is projected that by 2030, a heavy reliance on mobile 
communications for business and entertainment purposes 
will be established. Consequently, preparations must be 
made by Mobile Network Operators (MNOs) for the 
anticipated surge in mobile subscriptions and the associated 
demands for traffic, capacity, and coverage.

ACKNOWLEDGEMENT

The authors would like to thank National ICT Authority, 
Regional Branch in Lae (NICTA) for field data 
collection and the Universiti Kebangsaan Malaysia 
(UKM) for supporting this research through the Geran 
Universiti Penyelidikan GUP-2024-080.

DECLARATION OF COMPETING 
INTEREST

None



1661

REFERENCES

Ayaz, M., Ammad-Uddin, M., Sharif, Z., Mansour, A., & 
Aggoune, E. H. M. 2019. Internet-of-Things (IoT)-
based smart agriculture: Toward making the fields 
talk. IEEE Access 7: 129551–129583. https://doi.
org/10.1109/ACCESS.2019.2932609

Banda, L., Mzyece, M., & Mekuria, F. 2022. 5G business 
models for mobile network operators - A survey. IEEE 
Access 10: 94851–94886. https://doi.org/10.1109/
ACCESS.2022.3205011

Bhardwaj, J., Kuleshov, Y., Chua, Z. W., Watkins, A. 
B., Choy, S., & Sun, Q. 2021. Building capacity 
for a user‐centred integrated early warning system 
for drought in Papua New Guinea. Remote Sensing 
13(16). https://doi.org/10.3390/rs13163307

Cai, B., Xie, W., & Guo, H. 2021. Analysis and field 
trial on interference coexistence of 5G NR and 4G 
LTE dynamic spectrum sharing. 2021 International 
Wireless Communications and Mobile Computing, 
IWCMC 2021, 1281–1285. https://doi.org/10.1109/
IWCMC51323.2021.9498772

Dogra, A., Jha, R. K., & Jain, S. 2021. A Survey 
on beyond 5G Network with the advent of 6G: 
Architecture and emerging technologies. IEEE 
Access 9: 67512–67547. https://doi.org/10.1109/
ACCESS.2020.3031234

Erunkulu, O. O., Zungeru, A. M., Lebekwe, C. K., 
Mosalaosi, M., & Chuma, J. M. 2021. 5G mobile 
communication applications: A survey and comparison 
of use cases. IEEE Access 9: 97251–97295. https://
doi.org/10.1109/ACCESS.2021.3093213

Eskandarian, A., Wu, C., & Sun, C. 2020. Research 
advances and challenges of autonomous and 
connected ground vehicles. IEEE Transactions on 
Intelligent Transportation Systems 22(2): 683–711. 
https://doi.org/10.1109/TITS.2019.2958352

Guevara, L., & Cheein, F. A. 2020. The role of 5G 
technologies: Challenges in smart cities and 
intelligent transportation systems. Sustainability 
(Switzerland) 12(16). https://doi.org/10.3390/
su12166469

Hu, Z., Chen, Y. C., Qiu, L., Xue, G., Zhu, H., Zhang, N., 
He, C., Pan, L., & He, C. 2015. An in-depth analysis 
of 3G traffic and performance. AllThingsCellular 
2015 - Proceedings of the 5th Workshop on All 
Things Cellular: Operations, Applications and 
Challenges, Part of SIGCOMM 2015, 1–6. https://
doi.org/10.1145/2785971.2785981

Javed, A. R., Shahzad, F., Rehman, S. ur, Zikria, Y. Bin, 
Razzak, I., Jalil, Z., & Xu, G. 2022. Future smart cities: 
requirements, emerging technologies, applications, 
challenges, and future aspects. Cities 129: 103794. 
https://doi.org/10.1016/J.CITIES.2022.103794

Jit Singh, M. S., Wan Saleh, W. S., T. Abed, A., & Fauzi, 
M. A. 2023. A review on massive MIMO antennas
for 5G communication systems on challenges and
limitations. Jurnal Kejuruteraan 35(1): 95–103.
https://doi.org/10.17576/jkukm-2023-35(1)-09

Kar, S., Mishra, P., & Wang, K. C. 2021. 5G-IoT 
architecture for next generation smart systems. 
Proceedings - 2021 IEEE 4th 5G World Forum, 
5GWF 2021, 241–246. https://doi.org/10.1109/5G
WF52925.2021.00049

Khan, R., Kumar, P., Jayakody, D. N. K., & Liyanage, 
M. 2020. A survey on security and privacy of
5G technologies: Potential solutions, recent
advancements, and future directions. In IEEE
Communications Surveys and Tutorials 22(1): 196–
248. https://doi.org/10.1109/COMST.2019.2933899

Kumar, G., Tech, N. M., Allahabad, I., & Lecturer, S. 2010. 
Technical challenges and constraints for spectrum 
planning in GSM networks. IJCSE) International 
Journal on Computer Science and Engineering 2(9).

Mazhar, T., Malik, M. A., Mohsan, S. A. H., Li, Y., Haq, 
I., Ghorashi, S., Karim, F. K., & Mostafa, S. M. 2023. 
Quality of Service (QoS) performance analysis in 
a traffic engineering model for next-generation 
wireless sensor networks. Symmetry 15(2). https://
doi.org/10.3390/sym15020513

Navarro-Ortiz, J., Romero-Diaz, P., Sendra, S., 
Ameigeiras, P., Ramos-Munoz, J. J., & Lopez-Soler, 
J. M. 2020. A survey on 5G usage scenarios and
traffic models. IEEE Communications Surveys and
Tutorials 22(2): 905–929. https://doi.org/10.1109/
COMST.2020.2971781

Nidhi, Mihovska, A., Kumar, A., & Prasad, R. 2022. 
Business opportunities for beyond 5G and 6G 
networks. International Symposium on Wireless 
Personal Multimedia Communications, WPMC, 
2022-October, 543–548. https://doi.org/10.1109/
WPMC55625.2022.10014752

Norp, T. 2018. 5G Requirements and key performance 
indicators. Journal of ICT Standardization 6(1): 15–
30. https://doi.org/10.13052/jicts2245-800X.612

Rajalakshmi Krishnamurthi, & Mukta Goyal. 2018. 
Optimization of capacity allocation problem in 4G 
LTE mobile networks. IEEE Uttar Pradesh Section 
International Conference on Electrical, Electronics 
and Computer Engineering (UPCON). https://doi.
org/10.1109/UPCON.2018.8596797

Sadhana D. Poshattiwar, S. B. S. 2024. Dynamic 
spectrum sensing for 5G cognitive radio networks 
using optimization technique. Journal of Electrical 
Systems 20(3s): 1221–1231. https://doi.org/10.52783/
jes.1433

Siddiqui, M. U. A., Qamar, F., Ahmed, F., Nguyen, Q. 
N., & Hassan, R. 2021. Interference management in 
5G and beyond network: Requirements, challenges 
and future directions. IEEE Access 9: 68932–68965. 
https://doi.org/10.1109/ACCESS.2021.3073543



1662

Singh, A. P., Seth, J., & Kamalraj, R. 2024. Exploration of 
the impact of 5G on mobile communication systems. 
2024 International Conference on Optimization 
Computing and Wireless Communication 
(ICOCWC), 1–6. https://doi.org/10.1109/
ICOCWC60930.2024.10470446

Tariq, H., Pathirage, C., & Fernando, T. 2021. Measuring 
community disaster resilience at local levels: An 
adaptable resilience framework. International 
Journal of Disaster Risk Reduction 62. https://doi.
org/10.1016/j.ijdrr.2021.102358

Trejo Narváez, O. A., & Miramá Pérez, V. F. 2018. Machine 
learning algorithms for inter-cell interference 
coordination. Sistemas y Telemática 16(46): 37–57. 
https://doi.org/10.18046/syt.v16i46.3034

World Bank Group. 2020. Papua New Guinea Economic 
Updates - In the Time of COVID-19: From Relief to 
Recovery.

Yağcıoğlu, M. 2022. Dynamic resource allocation and 
interference coordination for millimeter wave 
communications in dense urban environment. 
Transactions on Emerging Telecommunications 
Technologies 33(5). https://doi.org/10.1002/ett.4442

Zubair Amjad, Axel Sikora, Jean-Philippe Lauffenburger, 
& Benoit Hilt. 2018. Latency Reduction in Narrowband 
4G LTE Networks. International Symposium on 
Wireless Communication Systems (ISWCS). https://
doi.org/10.1109/ISWCS.2018.8491085




