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Abstract

Mobile network operators are increasingly adopting 5G Fixed Wireless Access (FWA) to meet the
growing demand for high performance services in households. This study evaluated the adoption and
Quality of Experience (QoE) of 5G FWA through a multi-phase study. First phase, utilized a systematic
literature review to develop a structural equation modeling (SEM) framework, identifying Quality of
Service (QoS) and User Experience (UX) factors. A questionnaire survey was then conducted with
42 industry experts and 52 end-users. The SEM analysis shows that UX is not transferable between
FTTx and 5G FWA, as the correlation (y = - 0.052, t value = -0.100) was statistically insignificant. The
technical QoS FTTx does not influence how users perceive the technical QoS 5G FWA (y = - 0.02, t
value = -0.122). Bandwidth and Quality are the most critical drivers for 5G FWA success regarding
UX, whereas latency, MoS, and throughput are vital for QoS. Exploratory Factor Analysis for the UX
and QoS parameters of 5G FWA showed strong internal consistency across all identified factors. The
framework with fit indices reflected excellent model QoS (RMSEA = 0.08, CFI = 0.973, TLI = 0.965,
CMINDF = 1.254 and GFI = 0.782) and UX (RMSEA = 0.08, CFI = 0.895, TLI = 0.881, CMINDF =
1.377 and GFI = 0.655). The mathematical SEM model provides empirical evidence of the role of the
service factor as observed parameters and introduces a validated theoretical framework QoE-SEM.
This research contributes to the academic and telecommunications industries, to deliver a fit observe
model for upcoming new technology 5G FWA and assist decision makers in formulating strategic QoE
models.

Keywords: 5G FWA; Exploratory Factor Analysis (EFA); FTTx; QoE; structural equation model (SEM)

1. Introduction
The development of broadband technology Indonesia is striving for a better quality of experience

(QoE) [1]. The original targets included 20 Mbps fixed broadband for 71% of homes and 30% urbanites.
For rural areas, the goal is to utilize FWA technology to provide 10 Mbps connectivity to nearly half of
the households, reaching 6% of the rural demographic [2].

Driven by the growing need for high-performance and reliable household telecommunications,
mobile network operators (MNO) are seeking innovative methods to manage surging traffic levels. 5G
Fixed Wireless Access (FWA) has emerged as a primary solution, offering a cost-effective alternative
to high-speed broadband. By leveraging 5G technology, the FWA provides superior data capacity,
faster download rates, and reduced latency, making it an efficient wireless broadband (WBB) delivery
method for residential users.

In every country, the average 5G download speeds exceed 4G and FTTx, except in the US, where
FTTx is slightly better than 5G owing to limited 5G spectrum availability (in the low band with
bandwidth less than 100 MHz). With spectrum and bandwidth usage being the determining factors,
the increase in 5G speed compared to 4G ranges from 1.9 times faster (US) to 14.7 times faster (Thailand).
With an average spectrum bandwidth usage of over 100 MHz, average 5G download speeds can reach
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five to six times faster than 4G. South Korea has the fastest download speed, with an average of 351.2
Mbps, which is slightly faster than that of Saudi Arabia at 272.8 Mbps.

The implementation of 5G technology, particularly 5G FWA in Indonesia, can further realize more
equitable telecommunications access, bridge the digital divide, and increase the community’s ability
and literacy to use technology more adaptively. It also encourages more productive internet use to
strengthen the national economic growth. 5G is a highly flexible technology that can be applied to both
Mobile Broadband and Fixed Broadband or Fixed Wireless Access (FWA) services. The presence of 5G
FWA technology should accelerate household coverage and have a significant impact on users and
commercial sectors because 5G FWA quality is perceived to offer significant performance advantages
over legacy FTTx.

However, in terms of quality, several factors are believed to determine the success of end users
in adopting this service. This is why measuring Quality of Experience, better known as quality of
experience (QoE), becomes very important. While ISO 9241-210:2010 established formalized criteria
for evaluating the usability of technical systems and features, it remains focused on the technical side
of QoE [3,4]. Apart from the technical aspects of QoE represented by Quality of Service (QoS), there is
also User Experience (UX), defined as factors referring to the experiences users encounter, shaped by
the quality of interaction with various products, applications, systems, or services [5]. In the specific
context of 5G FWA broadband, this experience is primarily determined by the level of interactivity,
users engagement with the technology, and systems capacity to facilitate the successful achievement of
user goals [6]. Regarding the experience felt by users, the most perceived aspect that often serves as
a reference in Internet usage is the experience of the download process between FTTx and 5G FWA.
The presence of 5G FWA technology will certainly raise questions regarding what determines the
QoE of 5G FWA services in an increasingly growing 5G era with rising household penetration. In this
regard, this study attempts to answer these questions by focusing on the technical aspects of UX and
QoS, as well as the prediction of 5G FWA compared with FTTx. One of the reasons is that Indonesia
is the fourth largest market in the world [7–9]. In 2022, approximately 89% of Indonesian internet
users used mobile devices. Owing to the high number of users in Indonesia, QoE measurements were
not conducted on a live network to avoid disruptions to service providers [10]. In this study, a new
model was developed to identify the QoE factors of 5G FWA technology using Structural Equation
Modeling (SEM). The novelty of these influential UX and QoS factors was used as a reference for 5G
FWA implementation in Indonesia. The remainder of this study is structured as follows: Section 2
discusses the research objectives, Section 3 outlines the facts from the related work, Section 4 presents
the research methodology, Section 5 outlines the result research model, Section 6 summarizes and
discusses, Section7 presents the implications of the research, and Section 8 presents the conclusion
with key insights and future research directions.

2. Research Objective
This study aims to create a conceptual model using SEM. Additionally, this research defines the

factors that determine the quality of service (QoS) and user experience (UX) for 5G fixed wireless
access (FWA). This research contains the following specific objectives to reach its main goal:

1. To develop a comprehensive QoE prediction for 5G FWA using specific QoS and UX metrics from
the perspectives of technical experts and end-users.

2. To improve 5G FWA service quality by providing a superior experience guarantee compared
with legacy technologies such as FTTx.

3. To determine QoE factors and prediction models for 5G FWA services in Indonesia, expert-driven
QoS and UX dimensions were prioritized to boost user satisfaction over the previous generation.
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3. Related Work
3.1. Technology 5G FWA

The commercial rollout of the 5G FWA technology is viewed as a highly economical strategy
for network expansion. In addition to its cost efficiency, the technology is anticipated to provide
exceptional throughput, and preliminary 5G testing has already demonstrated a peak download speed
reaching up to 10-25 Gbps [11,12]. The speeds presented were approximately 30% faster than the
normal speeds offered by cable providers (FTTx). The 5G FWA is closely tied to specific use cases and
quality of service (QoS) demands. It can comfortably manage high-intensity tasks, such as multiple
concurrent 4K video streams, while maintaining a superior data throughput. Furthermore. This
technology opens doors for innovative content services and allows wireless providers to scale their
subscriber bases more effectively. With an increasing number of households and small businesses using
high-speed connections, there is also a rising demand for broadband Internet access. The surge in de-
mand for high-speed broadband is driven by the proliferation of data-intensive services, necessitating
advanced solutions, such as fixed wireless access (FWA). 5G FWA is a commercially viable alternative
to traditional fiber to the home (FTTH), as it significantly mitigates capital expenditure (CAPEX) related
to physical infrastructure [13], such as cabling, poles, and land acquisition. Its advantages include
rapid deployment, high scalability, and granular investment models that allow operators to align
infrastructure growth with market demand. As a primary 5G use case, FWA transitions residential
Internet delivery from traditional wirelines to high-performance wireless broadband. This market shift
is supported by Nokia research, which found that 76% of 3000 surveyed consumers across the UK, US,
and South Korea identify 5G FWA as the most appealing next-generation technology application [14].

3.2. QOS and User Experience 5G FWA

According to the International Telecommunication Union (ITU), the definition of QoS is the totality
of characteristics of a telecommunications service that depends on its ability to satisfy the stated and
implied needs of the service user, which essentially means the capability of the telecommunications
service to meet user requirements. Furthermore, the ITU definition for QoE is the degree of delight
or annoyance of the user of an application or service [15], which is essentially the overall impression
a user gains from a technological application or service. However, with nearly 78% of the Indian
population accessing the internet via mobile devices, measuring QoS and QoE is critical [16]. To
avoid distrupting live networks, these assessments should utilize simulation methods based on a
conceptual framework connecting QoS, QoE, and user experience (UX). While 5G FWA is designed to
excel in technical reliability and security, traditional QoS Metrics alone are insufficient for gauging
true user satisfaction. Therefore, emphasizes the synergy between QoS and QoE, where QoE acts as
a comprehensive evaluation that intergrates technical performance with subjective user fulfillment
[17,18].

3.3. Review Structural Equation Modeling (SEM)

The modeling concept used in this research is Structural Equation Modeling (SEM). Structural
Equation Modeling (SEM) is a powerful multivariate technique increasingly used in scientific inves-
tigations to test and evaluate multivariate causal relationships. SEM differs from other modeling
approaches because it can test the direct and indirect impacts on assumed causal relationships, which
also structural equation modeling (SEM) facilitates the concurrent evaluation of an intricate network of
relationship [19–22]. Furthermore, this methodology allows the delineation of conceptual dimensions
while simultaneously quantifying the impact of each variable within the identified factor framework
[23]. The use of SEM modeling in this research model by performing measurements and predictions
for both 5G FWA UX and 5G FWA QoS as a new wireless broadband (WBB) technology is a form
of correlation or influence from FTTx UX and QoS. Additionally, SEM analysis can support a small
sample size resulting from surveys in which this technology is not yet commercially available. The
main function of this SEM model is to help ensure that the constructed model can be predicted and
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its correlation values measured, while simultaneously measuring the validity of the model and its
constituent variables [24].

3.4. Relevant Literature of Structural Equation Modeling (SEM) in Quality of Experience (QOE)

Much research related to quality measurement, optimization, and efforts to obtain good QoE
has been conducted. In [7], measurements related to 5G quality scenarios based on ITU definitions
were performed using QoE Technology as the output. Then, in [25], research was conducted regarding
video optimization using QoE metrics on applications, whereas in [26], the study delved deeper into
the service side regarding 5G FWA on the frequency spectrum. However, research such as [8,21,27–29]
has not yet utilized SEM modeling to determine the direct correlation within QoE parameters, whether
in technology, application, or service. In [21,28,29], QoE measurements for applications and services
were performed using SEM modeling with EFA and AHP analysis processes on Wi-Fi technology
and 5G video services. These three studies focused on predictive modeling to determine user loyalty
metrics. Their research scope encompassed the emotional attachment of Wi-Fi users as a driver of
loyalty alongside a comparative analysis of 5G video service strategies against legacy technologies.
Research related to 5G FWA and QoE remains limited, with existing studies numbering fewer than
100. Consequently, there is still a significant scope and opportunity to expand the research on 5G
FWA. Previous studies have presented thirteen recent studies related to SEM and QoE methods with
various research subjects and objects ranging from technology, application, and service perspectives,
as well as SEM methods using AHP, EFA, and CFA. Meanwhile, in this study, the SEM construction
was built using five UX factors and three QoS factors developed by referring to research by Oproiu et
al. regarding the 5G FWA mobile operator perspective, whereas the five UX factors refer to 5G FWA
service requirements related to service quality. The novelty of these influential UX and QoS factors is
used as a reference for 5G FWA implementation in Indonesia, specifically to identify the priorities that
require attention in QoE decision-making regarding the correlation of data service user factors from
FTTx wireline data to 5G FWA.

4. Methodology
4.1. The Research Framework

The study methodology begins by determining the type of data used, specifically the primary
data obtained through the distribution of a designed questionnaire to a target population to meet the
research objectives. This study employs a quantitative research design utilizing structural equation
modeling (SEM) to measure and predict the Quality of Experience (QoE) correlations within 5G
FWA technology. Data processing was performed using AMOS software version 23. This study
aims to develop QoE measurement and prediction for 5G technology, while comprehensively testing
hypotheses through Quality of Service (QoS) and User Experience (UX). Hypothesis testing is intended
to explain factor correlations as relationships between variables. This model also explores and tests the
causal influence among the factors affecting 5G FWA and evaluates how FTTx technology impacts
the measurement and prediction of 5G FWA. In this researchs model framework, the novelty of the
QoE model framework lies in its ability to not only measure and predict from the user experience
perspective, but also to involve experts in measuring and forecasting emerging 5G FWA technology
using parameters that expert a critical impact on future technological development.

The strategic model concept on Figure 1 used in the development of the 5G FWA QoE model was
created using structural equation modeling (SEM). The use of SEM in this study employs an approach
for QoS measurement and UX prediction that is subjective in nature from the perspectives of experts,
professionals, and end users; therefore, it accounts for the diversity of responses from end users and
practitioners. 5G FWA technology is a new technology that will provide new experience in wireless
access technology [30]. As a new wireless technology that is a continuation of mobile broadband
access (MBB), it can be assumed that there is an influence from previous similar technologies in this
case: wireline broadband access (FTTx) technology, which represents the final stage of the wireline
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broadband access technology roadmap. 5G FWA technology is simpler, has a lower total cost of
ownership (TCO), and possesses a high bandwidth to provide a good experience for end-users and
mobile network operators (MNOs). In this QoE measurement, it was necessary to create a construction
model as a conceptual framework. This construction model utilizes QoS and UX factors from both
FTTx and 5G FWA technologies for broadband services, organized according to SEM qualifications.
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Figure 1. Framework QoE and SEM Model.

4.2. Identification Factor Model UX and QOS

The conceptual model and SEM construction, in order to perform measurements and evaluate
the correlations occurring between latent variables, the formative factors of these latent variables are
required. In this study related to user experience (UX) for 5G FWA services using 5G technology, five
factors were determined to form the latent variables for both FTTx UX and 5G FWA UX. Although
both latent variables are formed by the same factors, there are differences. Based on the technology
from which the data is derived within these factors the five factors for the FTTx UX latent variable are
measured based on the user experience (UX) of data services using FTTx technology. Meanwhile, for the
5G FWA UX, the factors were derived based on predictions using 5G FWA technology. Simultaneously,
three factors within QoS depend on the quality of the service aspect, such as latency, MOS, and
throughput factors.

1. Prediction Model
The framework connecting QoS and UX factors was established in [31], beginning with the
primary influence of service factors. Based on the ITU definition, QoE measures the subjective
satisfaction of users while interacting with a service. As various applications have diverse
technical requirements to satisfy a user, QoE outcomes are inherently variable. This highlights
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the necessity of precise QoS parameters, as the key are the building blocks for achieving a high-
quality user experience. Within 5G FWA ecosystems, the assessment of QoS and UX service
parameters involves key parameters, such as throughput, latency, MOS, usage, location, and time.
The 5G FWA landscape is anticipated to support a diverse service suite, including high-speed
internet, OTT multimedia, and real-time voice services, all of which rely on the intersection
of technical quality, reliability, and bandwidth. Notably, 5G enabled OTT videos services are
expected to outperform the traditional FTTx platforms. However, because real-time applications
and high-speed access are highly sensitive to latency, maintaining a high reliability and consistent
bandwidth remains a critical necessity.
The initial step of this research involved conducting a systematic literature review [31] to identify
the prediction of the QoE model based on role QoS and Ux in Table 1 :

Table 1. QoE Model and Service Factors

QoE
Model

Code
Variable

Laten
Code

Role Service
Factors

(Observed Variables)

Role UX FTTx <> 5G FWA

AV Availability
REA Reliability
QUA Quality

TR Transparency
BW Bandwidth

Role QoS FTTx <> 5G FWA
TH Throughput
LAT Latency
MO MoS

2. Feedback Input Process
The questionnaires in this study were divided into two models: the SEM EFA (QoS) and (UX)
model, followed by a comparative value analysis between 5G FWA and FTTx technologies.
To ensure that the survey data reflected high-quality domain expertise, this study employed
purposive sampling to recruit qualified participants. The selection criteria for both experts and
users were defined as follows:

• Subject matter experts with professional experience in both mobile and fixed telecommuni-
cations technologies.

• Direct users with active experience in utilizing both 5G and FTTX data services.
• Mid-to-senior-level professional standing, such as RF managers, RF architects, and senior

engineers RF quality.
• Proven track record for enhancing user experience or contributing to broadband strategy

development in Indonesia.

Consequently, by engaging expert respondents and employing a rigorous selection process, this
approach ensured robust data validation while maintaining random errors within acceptable
margins.
The Random Error of the measured parameter factors consists of user experience variables,
namely, Quality, Availability, Reliability, Transparency, and Bandwidth, which produce correlation
values and loading factors. The measurement results to be conducted included calculating the
GFI value, loading factor, p-value, and r-value. The r-value is used to obtain an overview of the
distribution, whereas the loading factor for each parameter can be interpreted to represent the
precision. Based on the samples to be used in the measurement with systematic and random error
simulations of the 5G FWA QoE across several parameters, it was found that all loading factors
were greater than 0.10 (r-value). Therefore, the SEM processing results for 5G FWA prediction are
valid and accurate against the standard loading factor threshold, thus increasing the accuracy.
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This accuracy improves because the number of respondents meets the standards of the model
used; hence, the construction model on Figure 3 must be precise in order to obtain accurate
correlation values and loading factors.

4.3. SEM Processing

1. Construction Model
When constructing a structural equation Modeling (SEM), several key elements must be consid-
ered [32,33]:

(a) Latent Variables There must be at least two latent variables in the model construction.
These variables cannot be measured directly except for the underlying factors. There are
two types of latent variable:

• Exogenous variables ξ: The independent variables that exert influence.
• Endogenous variables η: The dependent variables that are influenced.

(b) Factors, Indicators, or Observed Variables (x and y) These factors are the elements that
build the value or measurement of latent variables.

(c) Correlation (γ)
The relationship paths or links between the latent variables.

(d) Loading Factor (α and β)
Relationship paths between latent variable and its corresponding factors. Based on the
four elements mentioned above, the simple mathematical representation of the SEM model
correlation using equations 1, 2, and 3 is as follows:

η = (γ · ξ + error) (1)

x = (α · ξ + error) (2)

y = (η · β) (3)

SEM analysis requires the validity and reliability of the constructed model on Figure 2.
The requirements for validity are as follows:

i. p < 0.05, indicating that the model provided a significant relationship or correlation.
ii. The relationship between factors and their latent variables was supplemented by a

Critical Ratio (C.R.) coefficient for each factor > 1.96.
iii. Reliability is met if the coefficient value or Cronbach’s Alpha is > 0.60 (Note:

While your text says 0.05, the standard academic threshold for Cronbach’s alpha is
usually 0.60 or 0.70).

iv. The significance level of the correlation was set at a threshold of 0.5. If the correla-
tion value is lower than 0.5, then the influence of the exogenous variable in this
study, FTTx technology, on the endogenous variable, 5G FWA, is not significant.
Conversely, if the correlation value is higher than 0.5, the influence of the FTTx
technology on 5G FWA is considered significant.

2. Systematic Error / GFI
In the SEM analysis, managing systematic errors involves several testing phases. First, the
Goodness of Fit Index (GFI) was tested to determine whether systematic errors existed in the
constructed model. The Goodness of Fit (GFI) test was conducted to assess the extent to which
the data and model satisfied the SEM assumptions. The evaluation is performed on the overall
model, followed by separate evaluations of the measurement model and the structural model,
with a standard threshold value of > 0.90 or approaching 1. In addition to the GFI, several other
indices are used to evaluate the Goodness of Fit of the model, including.
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(a) The Root Mean Square Error of Approximation (RMSEA) measures the discrepancy
between the observed covariance matrix and the model’s covariance matrix. An RMSEA
value ≥ 0.08 is generally considered an indication of an acceptable model fit.

(b) Comparative Fit Index (CFI): The hypothesized model is compared with a baseline or null
model. A value > 0.90 or > 0.95 indicates a good fit.

(c) The Tucker-Lewis Index (TLI), also known as the Non-Normed Fit Index (NNFI), is used
to evaluate the model’s fit while accounting for model complexity. The standard threshold
was typically > 0.90.

(d) Chi-square: A fundamental measure for testing the difference between the sample and
fitted covariance matrices. A low chi-square value relative to the degrees of freedom (with
a p-value > 0.05) suggested that the model fit the data well.

Throughput

Latency

MOS

FTTx 5G FWA

Throughput

Latency

MOS

(a)

Quality

Availability

Reliability

Transparancy

Bandwidth

FTTx 5G FWA

Quality

Availability

Reliability

Transparancy

Bandwidth
FTTx
Measurement

5G FWA
Predictions

(b)

Figure 2. Construct New SEM Model QoS and UX (a) QoS-SEM; (b) UX-SEM

4.4. Analyze SEM - EFA

Exploratory Factor Analysis (EFA) is a statistical approach aimed at identifying dominant factors
while simultaneously grouping the dimensions of factors with closeness or collaboration. The number
of dimensions to be formed in the early not yet is unknown. Subsequently, a rotation method was used
to obtain the dimensions. The rotation method typically used is varimax rotation. This rotation was
used to simplify the columns of the factor matrix such that the factors were clearly associated [34].

In addition to the data collected for analysis, another aspect to consider in EFA is the Kaiser-
Meyer-Olkin measure of sampling adequacy value. This value, abbreviated as KMO-MSA, is used to
determine whether the factor analysis process can be conducted, in other words, whether the obtained
data are appropriate. If the KMO-MSA value is above 0.5, the EFA process can proceed [35]. This
KMO-MSA reference is applied to the combination of all factors, as well as to each individual factor.

In EFA, It is also necessary to consider the correlation between the factors (Sig.). If the Sig. is
less than 0.05, the EFA process can be performed because there is sufficient proximity between the
factors. Through the EFA in this study, the dominant factor weights and the dimensions formed from
5G FWA end-users provide an overview of important factors for prioritizing the development of 5G
FWA technology in Indonesia.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 March 2026 doi:10.20944/preprints202603.2433.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.2433.v1
http://creativecommons.org/licenses/by/4.0/


9 of 20

4.5. Decision Hypotheses Factors Among Latent and Observed Variables

Based on the literature insight and empirical, a set of hypotheses is mathematical to establish
relationships among the latent variables (LV). These hypotheses serve as the construction model for
various challenges, as tabulated in Table 1. The correlation values reflect the influence between the
observed variable service factors regarding FTTX and 5G FWA, denoted by y, and the influence of the
five factors for UX and three factors for QoS. The hypotheses of this study were as follows:

• LV-H0 : FTTx (Fiber to The x) has the perceived performance and limitations of existing FTT-
x services that significantly influence the user’s expectation and transition towards 5G FWA
solutions for both UX and QoS path-observed variables. There was no influence between the LV
of FTT-x and 5G FWA and the related service factors.

• LV-H1 : 5G FWA (Fixed Wireless Access) has the technical dimensions of 5G FWA QoS (e.g.,
latency, throughput, and MoS) that have a positive and significant correlation with the overall
Quality of Experience (QoE) as perceived by experts. There is an influence between the variables
of FTT-x and 5G FWA and related service factors.

5. Result
5.1. SEM Processing Result

Based on the questionnaire responses, we received complete samples from 42 industry experts on
QoS and 52 users on UX. The SEM analysis results in Tables 2 and 3 illustrate the correlation coefficients
α, β, γ which define how current FTTx Quality of Experience (QoE) variables influence the predicted
QoE for 5G FWA. Figure 2 provides a visual comparison of these technologies, demonstrating that
both the FTTx data and 5G FWA projection exhibit well-structured and distinct correlation values.

By identifying the factors with the strongest correlations for each technology, researchers can
determine the most significant input for the new 5G FWA framework. Detailed factor-specific analyses
of SEM processing are discussed in the subsequent sections.

Table 2. Correlation Values For QOE Technology FTTX and 5G FWA – UX Factor

UX Factors FTTx 5G FWA

Correlation CR (t-value) Correlation CR (t-value)

Availability 0.785 0.79 0.813 0.81
Reliability 1.000 2.36 0.889 4.10
Quality 0.977 1.88 0.904 4.02
Transparency 0.695 0.74 0.803 4.00
Bandwidth 0.896 0.83 0.961 4.69

Construct Validity 0.943 0.942
AVE 2.14 2.16

UX FTTx → 5G FWA γ = −0.052, CR = −0.100

Table 3. Correlation Values For QOE Technology FTTX and 5G FWA – QOS Factor

QoS Factors FTTx 5G FWA

Correlation CR (t-value) Correlation CR (t-value)

Throughput 0.928 0.93 0.956 0.96
Latency 1.000 6.85 0.962 9.16
MoS 0.936 6.78 0.970 9.42

Construct Validity 0.969 0.974
AVE 1.263 1.575

QoS FTTx → 5G FWA γ = −0.020, CR = −0.122
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Referring to Table 2 in this study for user experience, there are five factors for observed variables,
whereas in Table 3 for QoS, there are three factors for observed variables. for a detailed analysis of
each factor UX and QoS:

Table 4. Latent Variable (LV) Relationship.

LV
Relationship

Result Interpretation

FTTx UX →
5G FWA UX

Insignificant User experience is not transferable between these
two technologies.

FTTx QoS →
5G FWA QoS

Insignificant The technical quality of FTTx does not influence
the perceived technical quality of 5G FWA.

5G FWA
Indicators
Prediction

Strongly
Significant

(UX) Bandwidth and Quality are the most critical
drivers for 5G FWA success (t > 3.0).
(QoS) Latency and MoS are the most critical drivers
for 5G FWA, while throughput remains critical to
service quality.

1. UX Factor Result For FTTx.
Indicators for FTTx demonstrate a very strong correlation with their respective latent variables:

• Reliability of FTTx is the strongest indicator with a correlation value of 0.999 and a t - value
of 2.36, suggesting that technical reliability is the primary identity of fiber services for users.

• Quality (0.977) and bandwidth (0.896) also exhibited very high correlations, confirming that
FTTx is evaluated based on its quality and bandwidth.

• Validity and Reliability: A validity score of 0.943 and an AVE of 2.14 indicate that these
indicators are highly consistent in measuring the FTTx variable.

2. UX Factor Result For 5G FWA.
Indicators for 5G FWA show more uniform consistency and are statistically significant:

• The bandwidth (0.96) and quality (0.90) were the dominant factors. This is logical because
the primary advantage of 5G FWA is the wireless speed that rivals the fiber.

• Statistical Significance: In contrast to FTTx, nearly all t - values for 5G FWA are above
the 1.96 threshold (e.g., Reliability at 4.10 and Quality at 4.02). This indicates that these
indicators are robust in defining the 5G FWA experience.

• Validity: A validity score of 0.942 demonstrated that the measurement model for 5G FWA
was highly accurate.

3. Correlation Result UX: FTTx TO 5G FWA.
The final row of the result a critical finding regarding the hypothesis on Figure 3:

• Weak Negative Correlation: The value of -0.052 indicates a negligible negative relationship.
In practical terms, this means that a user’s experience with FTTx does not automatically
transfer to, or guarantee the same perception of, 5G FWA.

• Statistically Insignificant: The t - value (-0.100) is well below the standard threshold of 1.96,
and the relationship between FTTx UX and 5G FWA UX is considered insignificant.

The empirical results for the UX factors indicate a negligible and statistically insignificant correla-
tion between FTTx UX and 5G FWA UX (γ = -0.052, t = -0.100).
This result suggests that user satisfaction with traditional fiber-based services (FTTx) does not
serve as a predictor of user experience with 5G FWA technology.

4. QoS Factor Result For FTTx.
The indicator for FTTx demonstrates a very strong correlation with technical indicators, showing
more consistency and significance near perfect:
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• Latency on FTTx was the strongest indicator (Correlation: 1.00, t - Value: 6.85), followed
closely by the MoS (0.936). This indicates that, for fiber users, the perceived mean opinion
score and low latency are the primary technical benchmarks.

• Validity and Reliability: A validity score of 0.969 and AVE of 1.263 indicate that these
indicators are highly consistent in measuring the FTTx variable.

5. QoS Factor Result For 5G FWA
Indicators for 5G FWA show this technology have high statistical significance:

• The MoS was the most critical factor (correlation: 0.97, t - value: 9.42). The extremely high
t - value 5G QoS factors (latency and MOS > 9) suggest that latency and MoS are tightly
coupled in defining 5G service quality.

• Validity and Reliability: A validity score of 0.974 and AVE of 1.575 indicate that these
indicators are highly consistent in measuring the 5G FWA variable.

6. Correlation Result QoS: FTTx TO 5G FWA.
The relationship between the technical quality of FTTx and 5G FWA is expressed through the
path coefficient (y) and critical ratio (t - value) on Figure 3:

• Correlation Value (γ = -0.02):
This value is extremely close to zero, indicating that there is virtually no linear relationship
between the Quality of Service (QoS) of FTTx and 5G FWA. The negative sign suggests a
negligible inverse trend however, it is too small to be considered a functional impact.
Technical statistical result are insignificant (t - value = -0.122), In Structural Equation Model-
ing (SEM), a relationship is typically considered significant if the t - value is greater than
1.96 (for a 95% confidence level). Referring to the result -0.122 is far below this threshold,
the hypothesis 0 (H0) cannot be rejected.

(a)

Figure 3. Cont.
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(b)

Figure 3. Comparison Chart of Loading Factor to Correlation Values QoE FTTx and 5G FWA (a) QoS Factor; (b)
UX Factor.

5.2. Systematic Error (GFI) UX: FTTx TO 5G FWA

Through data processing and analysis with SEM, the initial construction model and factors were
first checked using AMOS output. Goodness of Fit (GOF) indices assess the fit of the SEM model
construction to the observed data value and are guided by the range 0 to 1. The result of GFI in this
research for UX and QoS service factors is as follows in Table 5, indicate that all values are within
appropiate ranges.

Table 5. Fit Indices Systematic Model

Fit Index Threshold QoS Factor UX Factor Interpretation

Chi Square (χ) Lower is
better

89.04 491.7 Acceptable

GFI > 0.90 0.782 0.655 Acceptable Fit
RMSEA ≤ 0.08 0.08 0.08 Excellent Fit

CFI > 0.90 0.973 0.895 Excellent Fit
TLI > 0.90 0.965 0.881 Excellent Fit

P value > 0.05 0.07 0.00 Excellent Fit
CMIN/DF < 1.5 1.254 1.377 Excellent Fit

Meanwhile, in Figure 4 compares and contrast fit model indices Qos and Ux factor for EFA,
on graphic show the chi square (χ) value for Qos (89.04) and Ux factor (491.7), it falls within an
accepatable ranges. The RMSEA, CFI, TLI and CMINDF values also verify a good and excellent model
fit, estblashing that the relationship between critical FTTx and 5G FWA factor consructs such as QoS
and Ux factors are statistically significant.
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Figure 4. Model Fit Indices Qos and Ux Factor.

5.3. SEM Exploratory Analysis (EFA) Result

The Exploratory Factor Analysis (EFA) for the user experience (UX) parameters of 5G FWA
showed strong internal consistency across all the identified factors in Table 4. Loading factors represent
the strength of the relationship between each parameter and the underlying UX construct. Higher
values indicate that the parameter is the primary driver of user experience in Table 6.

• Factor #5 Bandwidth (0.939): This is the strongest loading factor in the set, identifying bandwidth
as the most critical element in defining the 5G FWA user experience.

• Factor #3 Quality (0.915): Overall, perceived quality ranks as the second most influential parame-
ter, closely following bandwidth.

• Factor #4 Throughput (0.91): High throughput was confirmed as a major contributor to UX,
reflecting the high-speed nature of 5G technology.

• Factor #2 Reliability (0.87): Although slightly lower than speed-related factors, reliability remains
a robust component of the UX construct.

• Factor #1 Availability (0.859): Network availability had the lowest loading in this group, although
it remained well above the standard acceptable threshold of 0.4 or 0.5 EFA.

The EFA results demonstrate that the UX of the 5G FWA is predominantly driven by performance-
oriented metrics (bandwidth, quality, and throughput) show in Table 7, all of which exceed a loading
factor of 0.90. Thus, for Indonesian 5G FWA users, the experience is almost synonymous with the
technical speed and data handling capability of the network.
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Table 6. Component Matrix EFA – UX 5G FWA

Observed
Variable UX 5G FWA Latent Variable

Availability Reliability Quality Transparency Bandwidth

AV11 0.758
AV21 0.688
AV31 0.744
AV41 0.795
RE11 0.696
RE21 0.680
RE31 0.767
RE41 0.743
QU11 0.77
QU21 0.80
QU31 0.85
TR11 0.804
TR21 0.782
TR31 0.661
TR41 0.691
BW11 0.853
BW21 0.825
BW31 0.864
BW41 0.879

Table 7. Loading Factor EFA – UX 5G FWA.

Loading Factor UX 5G FWA Value Interpretation

Factor #1 Availability 0.859 High
Factor #2 Reliability 0.870 High
Factor #3 Quality 0.915 Extremely High
Factor #4 Throughput 0.910 Extremely High
Factor #5 Bandwidth 0.939 Extremely High

The component matrix EFA for QoS 5G FWA in Table 8 describes the extent to which a specific
parameter contributes to the underlying QoS construct. For a 5G FWA, the technical performance is
defined by three primary anchors:

• Factor #3 MOS (0.982): Mean opinion score (MOS) was the most dominant factor. This suggests
that the overall perceived technical quality is the primary representation of the QoS variable.

• Factor #2 Latency (0.967): Network responsiveness or latency is a critical secondary factor. Its high
loading indicates that the low-latency nature of 5G is a core defining characteristic of technical
service quality.

• Factor #1 Throughput (0.96): The data transmission speed and throughput also show a very
high loading. This confirms that high-speed capability is the foundational pillar of the 5G FWA
technical framework.

The EFA results in Table 9 for QoS were extremely robust, with all factors exceeding 0.96. This
level of loading indicates high internal consistency for the three parameters (throughput, latency,
and MOS) are highly unified in measuring the 5G FWA technical quality. Meanwhile, reliable model
construction has high values support the validity of the measurement model (0.974, as seen in Table 2).

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 March 2026 doi:10.20944/preprints202603.2433.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.2433.v1
http://creativecommons.org/licenses/by/4.0/


15 of 20

Table 8. Component Matrix EFA – QoS 5G FWA

Observed
Variable QoS 5G FWA Latent Variable

Throughput Latency MoS

TH11 0.921
TH21 0.941
TH31 0.902
LAT11 0.902
LAT21 0.936
LAT31 0.950
MOS11 0.918
MOS21 0.905
MOS31 0.927

Table 9. Loading Factor EFA – QoS 5G FWA.

Loading Factor QoS 5G
FWA

Value

Factor #1 Throughput 0.960
Factor #2 Latency 0.967
Factor #3 MoS 0.982

The combined analysis of the EFA and measurement model confirmed that the latent variables
were robust and reliable. The 5G FWA constructs (both QoS and UX) demonstrate higher and more
consistent statistical significance across all indicators compared to legacy FTTx technology. This
indicates that the 5G FWA provides a more cohesive and distinct performance profile for users, with
validity scores exceeding 0.90, the model is well suited for subsequent structural equation simulations.

Preliminary EFA testing in Table 10 evaluates whether the data are suitable for factor extraction
based on sample adequacy and the properties of the correlation matrix. Kaiser-Meyer-Olkin Measure
of Sampling Adequacy (KMO-MSA). The KMO index measures the proportion of variance in the
variables that might be caused by the underlying factors. the value EFA result for QoS factor construct
the KMO value is 0.646. This is considered mediocre but acceptable because it exceeds the minimum
recommended threshold of 0.50 or 0.60. Meanwhile, value EFA result for UX factor construct the KMO
value is 0.709. This is considered a good level of sampling adequacy, indicating that the UX data
are well suited for factor analysis. Bartlett’s test of sphericity on this test checks the hypothesis that
the correlation matrix is an identity matrix, which would indicate that variables are unrelated and
unsuitable for EFA. Significant (p-value) For both QoS and UX factors, the significance value was 0. As
this is less than the threshold of 0.05, the test is statistically significant. Chi-Square result on Bartlett’s
values are 153 for QoS and 703 for UX Factor. The final interpretation has a significant result (p < 0.05)
indicates that the variables are sufficiently correlated to allow for factor extraction.

Table 10. EFA Simulation Result

EFA Test QoS
Factor

UX
Factor Interpretation

KMO-MSA 0.646 0.709 Acceptable
Significant 0.000 0.000 Acceptable
Bartlett’s

Test of
Sphericity

153 703
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6. Discussion
In conducting SEM analysis, this study offers a comprehensive QoE prediction for 5G FWA using

specific QoS and UX metrics from technical experts and end-user perspectives. Beside that, This
study measures the improvement in 5G FWA service quality by providing a superior experience
guarantee compared to legacy technologies such as FTTx. This had the benefit of creating dynamic
relationships between latent variables (LV) to determine QoE factors and prediction models for 5G
FWA in Indonesia, prioritizing expert-driven QoS and UX dimensions to boost user satisfaction over
the previous generation. The SEM results were divided into two observation variables, the five factors
for the FTTx UX latent variable are measured based on the user experience (UX) of data services using
FTTx technology, and three factors within QoS depend on the QoS aspect, such as latency, MOS, and
throughput factors. The results confirmed that the prediction of 5G FWA correlation between QoS
and UX to FTTx is insignificant because it is far below this threshold, and hypothesis 0 (H0) cannot be
rejected. This means that the user experience is not transferable between these two technologies, and
the technical quality of FTTx does not influence the perceived technical quality of 5G FWA.

Several factor analyses for UX FTTx and prediction of 5G FWA. There are three keys, the first
is distinct technological expectations, users likely perceive FTTx as a mature, stable utility, whereas
5G FWA is viewed as a high-performance wireless innovation with different mobility and flexibility
characteristics. In the second performance disparity, While FTTx shows a near-perfect correlation with
reliability (1.00), 5G FWA relies more heavily on bandwidth (0.96) and quality (0.90), indicating that
users prioritize different performance metrics for each technology. The third independent ecosystem,
the insignificance of the value (t = -0.100, p < 1.96), proves that 5G FWA must be managed as a
standalone service category. High satisfaction in the fixed-line domain does not automatically translate
into a wireless domain. Factor analysis for QoS FTTx and prediction of 5G FWA. FTTx demonstrated
a very strong correlation with technical indicators, showing more consistency and significant near
perfect with latency (1.00), and 5G FWA relied more on MoS (0.97), indicating that QoS prioritizes
different critical performance metrics. Meanwhile, based on expert data, the QoS is extremely close
to zero, indicating that there is virtually no linear relationship between the Quality of Service (QoS)
of FTTx and the QoS of 5G FWA. The insignificance of this value (t = -0.122, p < 1.96). These results
highlight the need to consider 5G FWA prediction in indonesia that the user experience (UX) parameter
bandwidth and quality are the most critical drivers for 5G FWA success (t > 3.0). However, technical
experts perceive that latency and MoS are the most critical drivers for 5G FWA, whereas throughput is
critical to service quality.

Moreover, the goodness-of-fit indices indicate that the SEM model fits in a good way to the data,
with RMSEA (UX 0.08; QoS 0.08 ), CFI (UX 0.895; QoS 0.973), TLI (UX 0.881; QoS 0.965) and CMINDF
(UX 1.377; QoS 1.254) indicating a good fit for the model. This enables all the values in the model to
be statistically valid and can be used to inform 5G FWA strategies in Indonesia. Further research is
needed to investigate domain-specifics in the same technology FWA on different spectrum frequencies
positioned to take full advantage of technology fixed wireless capabilities to deliver a fit model quality
of experience (QoE).

7. Implication
This study has important implications and is a critical contributor to the academic and telecom-

munications industries. From a research objective and perspective, the validated SEM construction
model offers a framework for exploring and determining QoE factors and prediction models for future
technology 5G FWA in Indonesia, prioritizing expert-driven QoS and UX dimensions to boost user
satisfaction over the previous generation. In addition, researchers can use this model as a foundation
to develop QoE as comprehensive (technical and perceived).

Additionally, this study provides certain keys for practitioners or experts in telecommunication,
which are important for improving quality QoE resources from all parameters and drivers related to
this study for 5G FWA success in indonesia. QoE can be improved through the objective performance
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model in QOS (throughput, latency, and MoS) and UX (availability, reliability, quality, transparency,
and bandwidth). The findings of this study are expected to deliver a fit observe model for upcoming
new technology 5G FWA and to assist decision makers in formulating strategic QoE models and action
plans aimed at providers should focus on 5G FWA specific quality standards.

8. Conclusion
In this study, an SEM model development based on an EFA result analysis using the service

factor for perceieved loading (UX) and technical loading (QoS) was conducted to build a 5G FWA
technology QoE model. We systematically explored the challenges in predicting the adoption of
wireless technology or 5G FWA using a multiple-phase research approach. We identified the role
service factor for the observed variables, three-factor QoS, and five-factor UX. In short, we conducted
an SEM technique to analyze the interpedence of this model technology and to provide a structural
framework of empirical literature knowledge with respect to challenges in the telco industry. SEM
structural model analysis has shown that from the laten variable FTTx and 5G FWA divided into role
QoS and Ux service factors. The SEM analysis shows that UX is not transferable between FTTx and 5G
FWA, as the correlation (y = - 0.052, t value = -0.100) was statistically insignificant. The technical QoS
FTTx does not influence how users perceive the technical QoS 5G FWA (y = - 0.02, t value = -0.122), its
mean user experience is not transferable between these two technologies, and the technical QoS of
FTT-x does not influence the perceived technical quality of 5G FWA. However, the 5G FWA indicator
service factors have the strongest significance for both Ux and QoS. The Ux service factor parameter
showed that bandwidth and quality are the most critical drivers for 5G FWA success (t > 3.0), Latency
and MoS are the most critical drivers for 5G FWA, while throughput is critical to service quality on QoS
service factors. Exploratory Factor Analysis (EFA) for the User Experience (UX) and QoS parameters of
5G FWA showed strong internal consistency across all identified factors. EFA confirmed the strength
of the SEM model construction, and the framework with fit indices reflected excellent model QoS
(RMSEA = 0.08, CFI = 0.973, TLI = 0.965, CMINDF = 1.254 and GFI = 0.782) and model UX (RMSEA =
0.08, CFI = 0.895. TLI = 0.881, CMINDF = 1.377 and GFI = 0.655).

This study has important implications for delivering a new QoE model construction on new
technology and for the academia and telecommunication industry. The mathematical SEM model
provides empirical evidence of the role of the service factor as observed parameters and introduces
a validated theoretical framework that can be deployed in future research and to develop a new
QoE model technology. These insight strategic models emphasize that technical excellence in 5G
FWA directly translates into superior user experience. Providers should focus on 5G FWA specific
quality standards rather than relying on legacy FTTx repuation, as the two technologies are statistically
decoupled in the minds of users. Future research can focus on expanding and developing new wireless
technology that can be used as an example for applications and services in other countries, especially
for the implementation of 5G FWA.
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