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Abstract: Data is considered the most crucial element in open 
banking processes and services� Therefore, it is necessary to pay 
attention to various aspects of the quality of this data in order to 
provide appropriate and expected services to customers� In this 
research, various dimensions representing different aspects of 
data quality were investigated in the field of open banking� This 
research has been conducted in two main steps: The Delphi 
method and the pairwise comparisons method� In the first step, 
various dimensions of data quality in open banking were extracted 
based on the Delphi method� In the next step, the importance of 
each of these dimensions was assessed relative to each other 
using the pairwise comparisons method, and the most crucial 
dimensions were determined� Based on the results obtained 
from these two methods, the significance of eleven dimensions 
of data quality in this field was determined� The best overall 
weighted averages were related to dimensions such as accuracy, 
accessibility, relevancy, timeliness, consistency, security, 
interpretability, reputation, believability, ease of understanding, 
and value-added, respectively� Banks and fintech companies 
offering open banking services can consider these dimensions
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Abstract 
Background: As the demand for ultra-fast, low-latency 
communication continues to rise, Terahertz (THz) 
communication has emerged as a promising candidate for 
enabling next-generation 6G networks. However, 
environmental sensitivity and hardware challenges pose 
significant limitations. 
Objective: This study investigates the potential of THz 
communication to support ultra-high data transfer rates in 6G 
networks, with a focus on the impact of environmental 
conditions, hardware complexity, and modulation 
techniques. 
Method: Through simulation analysis under both optimal 
and adverse environmental conditions, the performance of 
THz communication was assessed. The study also explores 
emerging materials and adaptive technologies to mitigate 
performance degradation. 
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when evaluating the quality of their data to enhance the provision of superior 
services�

Keywords: Open banking, Data quality, Delphi method, Pairwise Comparisons

1. Introduction

Due to the rapidly evolving information and digital technologies, the world is moving 
towards an open data economy (He, Huang, & Zhou, 2023)� Open data can be 
used as a tool to foster innovation and enhance financial services� Customer data 
sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�

Assessing the Importance of Various Dimensions of Data ...   |   Hassani et al.

3

Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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Results: Under optimal conditions, THz communication demonstrated the ability to 
achieve data rates up to 8.5 Tbps with approximately 1 ms latency at 10 THz. 
However, in high humidity and non-line-of-sight (NLOS) scenarios, performance 
declined significantly, with the signal-to-noise ratio (SNR) dropping from 35 dB to 18 
dB and the bit error rate (BER) increasing from 3×10⁻³ to 4×10⁻². Orthogonal 
Frequency Division Multiplexing (OFDM) outperformed Quadrature Amplitude 
Modulation (QAM) in BER under varying conditions. The integration of advanced 
materials such as graphene and photonic crystals, along with intelligent reflecting 
surfaces (IRS), showed promise in enhancing signal quality and thermal management. 
Conclusion: While THz communication exhibits strong potential for supporting the 
high-speed, low-latency demands of 6G, environmental vulnerabilities and hardware 
complexity remain key challenges. Future research should prioritize the development 
of cost-effective, scalable materials and adaptive technologies to improve 
performance and deployment feasibility in diverse conditions. 
 
Keywords: Terahertz Communication, 6G Networks, Ultra-Fast Data Transmission, 
High-Frequency Bands, THz Technology, Spectrum Allocation, Signal Integrity, Low-
Latency Communication, Next-Generation Networks, Data Throughput. 
 
1. Introduction 
The emergence of 6G communication networks is anticipated to transform 
wireless technology, setting new benchmarks for data transmission speeds, 
ultra-low latency, and extensive connectivity. Unlike previous generations, 
these advances are not incremental but pivotal, as they aim to support an 
array of cutting-edge applications, including real-time holographic 
communication, immersive augmented and virtual reality experiences, and 
extensive Internet of Things (IoT) ecosystems. However, the limitations of 
traditional frequency bands used in current networks, particularly those in 4G 
and 5G, are becoming increasingly evident. These spectrum bands fail to 
provide enough bandwidth for the massive needs of ultra-fast data rates 
required by such advanced applications thus requiring further innovative 
solutions. The frequency region extending from 0.1 to 10 THz defines 
Terahertz (THz) communication because it demonstrates competence for 
future connectivity by managing data at terabit-per-second rates (Shafie et al. 
2023; Hashim et al. 2020). 

THz communication stands out because it processes large data swiftly 
while becoming a baseline for upcoming wireless networks. THz frequencies 
used in communication surpass the available bandwidth of millimeter-wave 
(mmWave) frequencies since THz frequencies receive enhanced allocation 

of bandwidth. 6G networks through THz communication and its ability to 
manage high-speed data becomes crucial for delivering the maximum 
performance from forthcoming network systems (Makarenko 2023). Data 
transmission speed using THz frequencies surpasses 1 Tbps as described 
by Shafie et al. This outmatches the available bandwidth of present-day 
mmWave technology. Implementation at scale of THz communication brings 
special technical constraints alongside it. Attaining the goals of THz 
communication requires both enhanced signal processing and better 
hardware design and network protocol development because of high path 
loss and restricted transmission range and the effects of atmospheric 
attenuation (Serghiou et al. 2022; Song and Lee 2022) 

The intelligent reflecting surfaces (IRS) and reconfigurable intelligent 
surfaces (RIS) represent promising solutions to overcome THz 
communication challenges because of their crucial role in current research. 
These technologies function to ease propagation problems through dynamic 
THz wave control mechanisms that achieve signal amplification and improved 
coverage capability. IRS and RIS possess exceptional benefits in urban 
settings and highly populated areas because they help maintain signal 
transmission through obstacles (Faris, Jasim, and Qasim 2021). Research 
findings demonstrate that these technologies will play an essential role in 
THz-enabled 6G network deployments because they enhance THz system 
reliability and performance specifically for urban applications (Chen, Ma, et 
al. 2021; Yang, Pitchappa, and Wang 2022). The management of THz 
networks benefits from artificial intelligence (AI) through its essential tasks of 
data routing optimization and operational efficiency maintenance. Through AI 
implementation with network management systems users will benefit from 
decreased delays and optimized resource usage which improves the 
performance of THz-based 6G networks (Chen, Han, et al. 2021; Yang and 
Shafie 2024). 

New material advancements in science made significant contributions to 
push forward THz communication. Graphene-based Meta surfaces represent 
a notable area of research because they enable users to control Mult 
wideband communications. Taghvaee et al. explain how these Meta surfaces 
form an essential part of realizing the diverse set of applications expected in 
the 6G ecosystem. Through the scientific exploration of graphene properties 
researchers achieved the development of flexible systems which support 
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multiple THz spectrum bands to meet 6G application needs regarding 
dynamic operation at high capacity (Taghvaee et al. 2022). Current research 
focuses on linking photonics technology to THz systems because this 
approach allows overcoming the technical limitations of traditional electronic 
components. Sustainable and reliable THz communication networks need 
robustness and scalability characteristics that photonics-aided 
communication systems provide (Wang et al. 2021). 

THz communication implementation for 6G networks faces numerous 
technical and regulatory barriers that need thorough handling until successful 
deployment is possible. The advantage of fast data transmission from THz 
frequency propagation comes together with extreme atmospheric 
vulnerability making signals subject to degradation caused by weather 
conditions like humidity and rain. In order to enable large-scale deployment 
of THz communication, systems engineers need to develop creative solutions 
for channel modeling and hardware design and network architecture 
approaches that maintain performance quality. The success of THz 
communication depends on standardization protocols as well as network 
infrastructure integration to achieve commercial success and wide adoption 
of this technology (Li and Yu 2022; Chen, Ning, et al. 2021). THz 
communication will establish a fundamental role in the upcoming wireless 
technology generation because it is predicted to act a key element for 
delivering high-speed data transmission along with reliability and efficiency 
as 6G networks develop (Chen et al. 2022; You et al. 2020). 

 
1.1. Study Objective 
This publication explores the role of Terahertz (THz) communication as a 
disruptive innovation in the development of 6G networks, with a particular 
focus on its capacity for transferring data at exceptionally high speeds, which 
next-generation applications necessitate. The research aims to provide a 
comprehensive description of THz communication technology, its adaptability 
to meet 6G speed requirements, and the essential technical breakthroughs 
that enhance its implementation. The paper examines the unique 
characteristics of THz signals to elucidate their function in bridging the 
performance gap between mmWave frequencies and forthcoming 6G 
applications, including extended reality immersion, real-time holographic 
operations, and extensive IoT deployment. 

The paper aims to identify both the technical and operational challenges 
facing THz communication, investigating the factors contributing to 
propagation loss and atmospheric attenuation, and the need for updated 
signal processing and network management practices. Through an in-depth 
analysis of these challenges and potential solutions, the research aspires to 
serve as a valuable resource for scientists and industry professionals seeking 
to harness THz communication capabilities in 6G networks. This body of 
research supports ongoing discussions about future wireless technologies by 
generating foundational knowledge that drives the development of THz-
based 6G networks. 

 
1.2. Problem Statements 
The global demand for improved connection speeds through faster and more 
reliable high-performance networks necessitates the enhancement of current 
frequency band capabilities, particularly in 4G and 5G systems. Emerging 6G 
applications require additional bandwidth and lower latency beyond what 
Millimeter-wave (mmWave) technology can provide for real-time holographic 
conferencing, large-scale IoT implementations, and autonomous system 
connectivity. The deployment of higher frequency bandwidth becomes 
essential as it enables both high data speeds and the minimum latency 
requirements demanded by 6G networks. Although the 0.1 to 10 THz 
spectrum of THz communication shows promise, significant systematic efforts 
are needed to overcome its fundamental deployment challenges. 

The primary obstacle to the success of THz communication is its high 
sensitivity to propagation loss and atmospheric attenuation, which impose 
major deployment limitations. When THz waves traverse dense urban 
environments, severe signal degradation occurs due to electromagnetic 
signals encountering obstacles such as buildings and vegetation. Efforts 
should focus on developing advanced signal processing techniques and 
improved modulation approaches to address the propagation issues affecting 
THz systems. 

The technology requires advancements in hardware development, 
specifically in the creation of antennas, transmitters, and receivers that 
operate at THz band frequencies. Current electronic components do not meet 
THz communication standards in terms of power efficiency, device scalability, 
and performance, thus necessitating future advancements in materials 
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communication systems provide (Wang et al. 2021). 

THz communication implementation for 6G networks faces numerous 
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deployment is possible. The advantage of fast data transmission from THz 
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of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
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believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�

Summer 2025

1184

engineering and device design. The development of novel materials, 
including graphene, requires combined research efforts and improvements in 
photonic technology applications. 

6G networks utilizing THz frequencies will function optimally when 
combined with appropriate network management systems and data routing 
approaches. THz communication networks need adaptive IT-managed 
strategies to optimize data flow while minimizing latency under diverse 
conditions. The successful implementation of THz communication systems 
depends on addressing essential challenges to establish their role within the 
6G network framework. 

 
2. Literature Review 
Academic investigation of Terahertz (THz) communication operates as 6G 
network foundations to achieve fast data transfer and superior connectivity 
standards. Research studies show THz communication capabilities to satisfy 
speed requirements while showing researchers need to resolve existing 
knowledge gaps to achieve live implementation. You et al. (2020) present an 
extensive examination of Terahertz frequencies to explain how these 
frequencies will enable 6G revolution by providing transmission rates much 
superior to millimeter-wave (mmWave) capabilities. The authors highlights 
three important problems that occur during THz communication due to 
extreme signal loss as well as reduced transmission distance and advanced 
signal processing requirements to achieve reliable communication under 
these frequencies (You et al. 2020). The majority of these challenges stress 
the necessity of developing fresh solutions to enhance THz communication 
reach and boost signal stability. 

Atmospheric absorption levels strongly affect THz wave propagation 
which results in severely restricted practical use across extended distances. 
A detailed analysis from O’Hara et al. (2019) shows how exceptional data 
rates from THz frequencies fight against environmental factors like humidity 
and particulate matter which prevent their large-scale implementation (O’Hara 
et al. 2019). The proposed method of enhancing transmission power faces 
challenges because it opposes energy efficiency standards and creates 
technical barriers for mobile devices. Periodic data transmission problems 
can be overcome using intelligent reflecting surfaces and reconfigurable 
intelligent surfaces which enhance signal coverage by directing THz signals 

around obstacles. The development of IRS and RIS technologies for 6G 
networks using THz systems remains at a fundamental stage because more 
research is necessary to achieve optimized integration (Raza et al. 2022). 

Photonics presents itself as an effective solution to address electronic 
restrictions which appear at THz frequencies. Yu et al. (2023) discuss the 
merging of photonics elements with THz systems to achieve more scalable 
and efficient THz communication frameworks (Yu et al. 2023). Developing 
effective photonic devices that work within the THz frequency range remains 
the main difficulties in this strategy. The current photonic devices require 
expensive technology and show complexity that prevents scaling up 
operations. The challenge exists because photonics systems do not easily 
connect to existing electronic components which need specialized interfaces 
to work together properly. Material science collaborations together with 
device engineering need to develop polyvalent photonic components which 
operate at THz frequencies (Abdulameer et al. 2024). 

Chen et al. (2019) deliver a comprehensive overview of THz 
communication technologies which indicates a major signaling and 
processing techniques deficiency for optimal THz operations. The authors 
point out that THz wave frequencies intensify problems with phase noise and 
signal deterioration which require advanced error correction and channel 
coding systems according to their research (Chen et al. 2019). Signal 
processing methods applied in past frequency ranges show insufficient 
effectiveness when adapting to THz communication because they ignore the 
specific propagation behavior and noise patterns at these frequencies. The 
necessary framework should use adaptive signal processing methods which 
adjust dynamically according to channel condition changes to sustain data 
integrity. According to Sarieddeen et al. (2021) it is essential to develop THz-
specific signal processing methods which will guarantee reliable operational 
performance across various 6G applications (Sarieddeen, Alouini, and Al-
Naffouri 2021). 

The implementation of THz communication within mobile and vehicular 
networks requires addressing particular technical difficulties. According to 
Mumtaz et al. THz communication demonstrates potential for fast vehicular 
networks although the authors note that Doppler effects together with fast 
channel variations could harm mobile performance (Mumtaz 2017). The 
development of adaptive protocols which demonstrate quick responses to 
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environmental changes and mobility conditions needs to be implemented for 
resolving these issues. System integration from end to end represents a 
critical requirement for THz networks according to Polese et al. (2020) 
because individual component improvements alone are not sufficient to meet 
6G application performance needs (Polese et al. 2020). Network design 
requires a complete system perspective because this method will enable the 
realization of THz communication capabilities in 6G. 

The THz communication field exhibits significant developments but 
multiple vital hurdles still exist for its progress. Three main hurdles obstructing 
6G deployment include restricted signal propagation span as well as the 
requirement for cutting-edge materials and device construction and the need 
for dynamic network control mechanisms. The successful implementation of 
THz communication for 6G wireless networks depends on resolving all 
current network limitations. 

 
3. Methodology 
A wide-ranging computational approach supports this research on Terahertz 
(THz) communication performance in 6G networks with theoretical modeling 
together with quantitative analysis. The research follows a methodological 
structure which comprises Simulation Environment followed by Experimental 
Parameters and Setup and Modeling and Mathematical Formulations and 
Data Collection and Analysis before concluding with the Validation of Results 
section. The assessment evaluates THz communication through concrete 
examination techniques in dedicated sections which guide evaluations about 
its future network suitability. 
 
3.1. Simulation Setup 
The developed THz communication channel simulator utilized MATLAB and 
COMSOL Multiphysics software as its foundation. Traversing THz waves 
through dense urban environments results in severe signal degradation, as 
electromagnetic signals encounter barriers such as buildings and vegetation. 
Efforts should concentrate on developing advanced signal processing 
techniques combined with improved modulation approaches to address the 
propagation issues impacting THz systems. 

The technology requires advancements in hardware development, 
specifically in creating antennas, transmitters, and receivers that operate at 

THz band frequencies. Current electronic components do not meet THz 
communication standards in terms of power efficiency, device scalability, and 
performance, necessitating future advances in materials engineering and 
device design. Research and development efforts should focus on novel 
material development while integrating photonic technology. 

6G networks utilizing THz frequencies will function optimally when 
combined with appropriate network management systems and data routing 
strategies. THz communication systems require adaptive network 
management with artificial intelligence to optimize data flows while minimizing 
latency, as they are sensitive to environmental conditions. The successful 
implementation of THz communication systems hinges on addressing 
essential challenges to establish their role within the 6G network framework. 

 

3.2. Experimental Parameters and Setup 
The authors developed critical parameters to direct the simulations within this 
research study. The frequency analysis comprised of 0.1 to 10 THz which 
included all future frequencies for 6G applications. The research measured 
transmission distances from 10 meters to 150 meters in order to investigate 
short-distance along with extended-distance performance (Ageyev, Yarkin, 
and Nameer 2014). The simulation covered bandwidths expanding from 10 
GHz to 1 THz because these frequencies suit data-centric applications 
especially holographic communication and immersive AR/VR. QAM and 
Orthogonal Frequency Division Multiplexing (OFDM) served as modulation 
schemes in the study to determine conventional alongside advanced 
modulation performances in THz communications. The simulated system 
operated with a constant transmission power of 30 dBm which matches well 
with small-cell network technology and high-frequency frequency band 
requirements. The research evaluated performance under both line-of-sight 
(LOS) and non-line-of-sight (NLOS) situations to understand how standard 
and reflective urban and indoor distribution conditions impact the system. 
 

3.3. Modulation Techniques 
The research employed a modulation approach which united QAM with 
OFDM as these technologies deliver high data transfer rates while managing 
multipath propagation issues effectively. To operate efficiently terahertz 
communication systems, need adjustable modulation systems because high-
frequency signals create path loss alongside environmental sensitivities. The 
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chosen modulation technique functions as an established system which 
improves simultaneous signal reliability and data speed operations in THz 
wireless networks. 
Quadrature Amplitude Modulation (QAM) enjoys widespread acclaim in 
high-capacity networks because it transfers several bits through each symbol 
thus enhancing spectrum efficiency. The indoor environment enables QAM to 
operate effectively by reducing interference and deliver both high data rates 
and low Bit Error Rates (BER). QAM technology serves scenarios requiring 
enhanced spectral efficiency together with secure Line-of-Sight (LOS) 
stability based on the research findings. QAM operates less effectively in 
outdoor conditions coupled with non-line-of-sight settings because these 
environments make the system more susceptible to both interference and 
noise. The achievement of dependable THz communication at higher 
frequencies becomes difficult with QAM alone so error-correction algorithms 
need to be implemented to reduce signal degradation. 
Orthogonal Frequency Division Multiplexing (OFDM) stands out for THz 
communication in outdoor and NLOS environments because it splits 
communication channels into orthogonal sub-channels that separate the total 
data among multiple carriers. Multipath interference becomes more 
manageable through OFDM technology because its division structure 
operates effectively on environments with both high frequencies and urban 
conditions. OFDM outperformed QAM in terms of better signal resilience and 
lower BER during NLOS conditions because OFDM dealt effectively with 
reflections and diffractions of signals. The capability of OFDM to work with 
adaptive modulation allows users to change modulation parameters 
according to environmental conditions which is crucial for maintaining peak 
performance in multiple THz communication conditions. 

OFDM demonstrated better performance than QAM when each method 
was tested at frequencies between 0.1 and 10 THz at changing humidity 
levels across different distances. Hybrid modulation techniques founded on 
QAM and OFDM integration enable authorization between modulation modes 
according to channel status thereby finding optimized trades between data 
rates and error mitigating strength alongside spectrum utilizations in THz 
communication networks. To fulfill the requirements of 6G applications THz 
communication networks require adaptable capabilities for different use 
conditions. 

3.4. Modeling and Mathematical Formulations 
Various essential mathematical models were used for THz communication 
performance evaluation to understand signal characteristics and channel 
capacity alongside data transmission capacity under diverse environmental 
conditions. 

By using the Friis Transmission Equation users can determine received 
power at distance dd when considering free-space loss which increases with 
frequency: 

𝑃𝑃𝑟𝑟 =
𝑃𝑃𝑡𝑡𝐺𝐺𝑡𝑡𝐺𝐺𝑟𝑟𝜆𝜆2

(4𝜋𝜋𝜋𝜋)2                                                     (1) 

The received power 𝑃𝑃𝑟𝑟 depends on transmitted power 𝑃𝑃𝑡𝑡, antenna gains 
𝐺𝐺𝑡𝑡 and 𝐺𝐺𝑟𝑟, wavelength 𝜆𝜆 as well as the distance d between transmitter and 
receiver. The model enables determining necessary power levels to maintain 
reliable communication across different ranges and frequencies (Serghiou et 
al. 2022), (Chen et al. 2022). 
Atmospheric Absorption Loss: THz waves are notably affected by 
atmospheric conditions, so absorption loss was modeled using: 

𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑒𝑒−𝛼𝛼(𝑓𝑓)𝑑𝑑                                                (2) 
The absorption loss 𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎 combines with the frequency-dependent 

absorption coefficient 𝛼𝛼(𝑓𝑓) and transmission distance value d. Researchers 
derived the absorption coefficient from measurements of water vapor together 
with CO₂ atmospheric elements because these substances significantly 
impact THz wave propagation (Shafie et al. 2023; Chen, Han, et al. 2021). 
Using the Shannon-Hartley Theorem the maximum data rate derived from 
different signal-to-noise ratio (SNR) levels was evaluated: 

𝐶𝐶 = 𝐵𝐵 ∙ log2(1 + 𝑆𝑆𝑆𝑆𝑆𝑆)                                                     (3) 
The channel capacity 𝐶𝐶 is determined through the multiplication of 

bandwidth 𝐵𝐵 with signal-to-noise ratio SNR. The model establishes critical 
parameters to determine suitable data transfer rates under changing 
bandwidth and noise levels (Shafie et al. 2023; Sarieddeen et al. 2020). 

Accommodating THz communication channels that show variable 
characteristics requires adaptive channel modeling as a main implementation 
strategy. The models demonstrated by Song and Lee perform dynamic 
readjustments of transmission parameters according to current atmosphere 
conditions to create a sustained and less noisy communication link (Song and 
Lee 2022). 
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of data and its quality comprehensively in the field of open banking� Different 
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chosen modulation technique functions as an established system which 
improves simultaneous signal reliability and data speed operations in THz 
wireless networks. 
Quadrature Amplitude Modulation (QAM) enjoys widespread acclaim in 
high-capacity networks because it transfers several bits through each symbol 
thus enhancing spectrum efficiency. The indoor environment enables QAM to 
operate effectively by reducing interference and deliver both high data rates 
and low Bit Error Rates (BER). QAM technology serves scenarios requiring 
enhanced spectral efficiency together with secure Line-of-Sight (LOS) 
stability based on the research findings. QAM operates less effectively in 
outdoor conditions coupled with non-line-of-sight settings because these 
environments make the system more susceptible to both interference and 
noise. The achievement of dependable THz communication at higher 
frequencies becomes difficult with QAM alone so error-correction algorithms 
need to be implemented to reduce signal degradation. 
Orthogonal Frequency Division Multiplexing (OFDM) stands out for THz 
communication in outdoor and NLOS environments because it splits 
communication channels into orthogonal sub-channels that separate the total 
data among multiple carriers. Multipath interference becomes more 
manageable through OFDM technology because its division structure 
operates effectively on environments with both high frequencies and urban 
conditions. OFDM outperformed QAM in terms of better signal resilience and 
lower BER during NLOS conditions because OFDM dealt effectively with 
reflections and diffractions of signals. The capability of OFDM to work with 
adaptive modulation allows users to change modulation parameters 
according to environmental conditions which is crucial for maintaining peak 
performance in multiple THz communication conditions. 

OFDM demonstrated better performance than QAM when each method 
was tested at frequencies between 0.1 and 10 THz at changing humidity 
levels across different distances. Hybrid modulation techniques founded on 
QAM and OFDM integration enable authorization between modulation modes 
according to channel status thereby finding optimized trades between data 
rates and error mitigating strength alongside spectrum utilizations in THz 
communication networks. To fulfill the requirements of 6G applications THz 
communication networks require adaptable capabilities for different use 
conditions. 

3.4. Modeling and Mathematical Formulations 
Various essential mathematical models were used for THz communication 
performance evaluation to understand signal characteristics and channel 
capacity alongside data transmission capacity under diverse environmental 
conditions. 

By using the Friis Transmission Equation users can determine received 
power at distance dd when considering free-space loss which increases with 
frequency: 

𝑃𝑃𝑟𝑟 =
𝑃𝑃𝑡𝑡𝐺𝐺𝑡𝑡𝐺𝐺𝑟𝑟𝜆𝜆2
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The received power 𝑃𝑃𝑟𝑟 depends on transmitted power 𝑃𝑃𝑡𝑡, antenna gains 
𝐺𝐺𝑡𝑡 and 𝐺𝐺𝑟𝑟, wavelength 𝜆𝜆 as well as the distance d between transmitter and 
receiver. The model enables determining necessary power levels to maintain 
reliable communication across different ranges and frequencies (Serghiou et 
al. 2022), (Chen et al. 2022). 
Atmospheric Absorption Loss: THz waves are notably affected by 
atmospheric conditions, so absorption loss was modeled using: 

𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑒𝑒−𝛼𝛼(𝑓𝑓)𝑑𝑑                                                (2) 
The absorption loss 𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎 combines with the frequency-dependent 

absorption coefficient 𝛼𝛼(𝑓𝑓) and transmission distance value d. Researchers 
derived the absorption coefficient from measurements of water vapor together 
with CO₂ atmospheric elements because these substances significantly 
impact THz wave propagation (Shafie et al. 2023; Chen, Han, et al. 2021). 
Using the Shannon-Hartley Theorem the maximum data rate derived from 
different signal-to-noise ratio (SNR) levels was evaluated: 

𝐶𝐶 = 𝐵𝐵 ∙ log2(1 + 𝑆𝑆𝑆𝑆𝑆𝑆)                                                     (3) 
The channel capacity 𝐶𝐶 is determined through the multiplication of 

bandwidth 𝐵𝐵 with signal-to-noise ratio SNR. The model establishes critical 
parameters to determine suitable data transfer rates under changing 
bandwidth and noise levels (Shafie et al. 2023; Sarieddeen et al. 2020). 

Accommodating THz communication channels that show variable 
characteristics requires adaptive channel modeling as a main implementation 
strategy. The models demonstrated by Song and Lee perform dynamic 
readjustments of transmission parameters according to current atmosphere 
conditions to create a sustained and less noisy communication link (Song and 
Lee 2022). 
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Doppler Shift Analysis took into account mobility effects during evaluation 
of mobile platforms such as vehicles and aircraft using: 

𝑓𝑓𝑑𝑑 = 𝑣𝑣𝑓𝑓𝑐𝑐
𝑐𝑐                                                                (4) 

The calculation determines Doppler shift frequency by multiplying relative 
transmission and reception speed (𝑣𝑣) by carrier frequency (𝑓𝑓𝑐𝑐) and dividing 
the product by the speed of light (𝑐𝑐). The parameterization defines how signal 
frequency changes due to mobility effects that are essential for dynamic 
environment applications (Li and Yu 2022; Hall et al. 2023). 

The collective framework delivered an excellent simulation simulation-
approach for analyzing THz communication systems in diverse conditions 
which helped identify superior performance conditions for 6G networks. 

 

3.5. Data Collection and Analysis 
Different performance indicators received detailed measurement throughout 
this assessment such as data rates alongside signal-to-noise ratio (SNR) and 
bit error rate (BER) and latency as well as energy efficiency measurements 
across diverse setup and environmental conditions. The experiment ran ten 
separate trials for each parameter setup including frequency, transmission 
distance and humidity level in order to achieve high data accuracy. Multiple 
test trials were conducted to generate averaged performance data used for 
valid analysis. 

The data analysis process was comprehensive, focusing on the following 
key aspects: 

The THz frequency influence on data throughput across different 
distances and environmental conditions was determined through the 
measurement of Data Rate. The research inspected data rate patterns to 
determine whether THz communication could handle high-speed applications 
such as live streaming and massive data movement. Data rate 
measurements occurred in real-time as frequencies shifted and distances 
varied to establish suitable frequency bands for different communication 
distances. 
Signal-to-Noise Ratio (SNR) calculations evaluated signal quality outlooks 
under atmospheric absorption conditions along with humidity fluctuations. 
Research evaluated signal quality degradation levels in various 
environmental conditions through SNR statistical patterns across testing 
conditions. The research results will help develop communication systems 

which adapt their transmission power and frequency selection for maintaining 
effective communication under low SNR conditions. 

The investigation measured Bit Error Rate (BER) to check transmission 
reliability which plays an essential role in deciding if THz communication 
works in applications that need minimal error rates like autonomous systems 
and critical infrastructure. A high BER measurement implies the requirement 
of error-correction algorithms or modulation techniques which boost the 
reliability of data transmission. The investigation used BER measurements 
together with distance and frequency data to develop relationships which help 
choose appropriate error correction strategies for each THz communication 
system. 

A study of Latency, Energy Efficiency along with a performance 
assessment was conducted to determine the time responsiveness and 
energy efficiency of THz communication systems. The transmission speed 
plays a key role for real-time applications which utilize augmented reality 
systems and energy efficiency enables lower power requirements for high-
frequency transmission operations. Research of latency and energy 
efficiency behavior occurred during frequency tests under different 
environmental situations to determine proper setup combinations for THz 
network operations. 

The research combined multiple testing factors to identify comprehensive 
links that describe how different environmental and technological influences 
affect THz communication outcomes. The analysis provides essential 
knowledge for building THz communication systems which handle diverse 
operational environments through adjustments to maintain steady system 
performance in multiple application domains. 

 
3.6. Validation of Results 
The research developed an analytical assessment model that relied on 
experimental data collected from previous studies to verify simulation results. 
The benchmark model served as an evaluation method to measure simulation 
outputs for data rate achievements, along with SNR and BER measurement 
results. Our established metrics enabled the accurate evaluation of the 
model, ensuring reliable findings through this evaluation procedure. A 
comparison between THz communication data and mmWave communication 
results revealed the performance of THz systems for high-capacity 6G 
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Doppler Shift Analysis took into account mobility effects during evaluation 
of mobile platforms such as vehicles and aircraft using: 

𝑓𝑓𝑑𝑑 = 𝑣𝑣𝑓𝑓𝑐𝑐
𝑐𝑐                                                                (4) 

The calculation determines Doppler shift frequency by multiplying relative 
transmission and reception speed (𝑣𝑣) by carrier frequency (𝑓𝑓𝑐𝑐) and dividing 
the product by the speed of light (𝑐𝑐). The parameterization defines how signal 
frequency changes due to mobility effects that are essential for dynamic 
environment applications (Li and Yu 2022; Hall et al. 2023). 

The collective framework delivered an excellent simulation simulation-
approach for analyzing THz communication systems in diverse conditions 
which helped identify superior performance conditions for 6G networks. 

 

3.5. Data Collection and Analysis 
Different performance indicators received detailed measurement throughout 
this assessment such as data rates alongside signal-to-noise ratio (SNR) and 
bit error rate (BER) and latency as well as energy efficiency measurements 
across diverse setup and environmental conditions. The experiment ran ten 
separate trials for each parameter setup including frequency, transmission 
distance and humidity level in order to achieve high data accuracy. Multiple 
test trials were conducted to generate averaged performance data used for 
valid analysis. 

The data analysis process was comprehensive, focusing on the following 
key aspects: 

The THz frequency influence on data throughput across different 
distances and environmental conditions was determined through the 
measurement of Data Rate. The research inspected data rate patterns to 
determine whether THz communication could handle high-speed applications 
such as live streaming and massive data movement. Data rate 
measurements occurred in real-time as frequencies shifted and distances 
varied to establish suitable frequency bands for different communication 
distances. 
Signal-to-Noise Ratio (SNR) calculations evaluated signal quality outlooks 
under atmospheric absorption conditions along with humidity fluctuations. 
Research evaluated signal quality degradation levels in various 
environmental conditions through SNR statistical patterns across testing 
conditions. The research results will help develop communication systems 

which adapt their transmission power and frequency selection for maintaining 
effective communication under low SNR conditions. 

The investigation measured Bit Error Rate (BER) to check transmission 
reliability which plays an essential role in deciding if THz communication 
works in applications that need minimal error rates like autonomous systems 
and critical infrastructure. A high BER measurement implies the requirement 
of error-correction algorithms or modulation techniques which boost the 
reliability of data transmission. The investigation used BER measurements 
together with distance and frequency data to develop relationships which help 
choose appropriate error correction strategies for each THz communication 
system. 
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The research combined multiple testing factors to identify comprehensive 
links that describe how different environmental and technological influences 
affect THz communication outcomes. The analysis provides essential 
knowledge for building THz communication systems which handle diverse 
operational environments through adjustments to maintain steady system 
performance in multiple application domains. 
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comparison between THz communication data and mmWave communication 
results revealed the performance of THz systems for high-capacity 6G 
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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applications (Shafie et al. 2023; You et al. 2020). 
Research comparing mmWave communication demonstrates the strength 

of THz technology for ultra-high-speed data transfer purposes. According to 
Serghiou et al. (2022), the high data rates achieved through THz 
communication must be complemented by the advantages of mmWave 
technology for optimal operations in 6G networks in regions with high 
atmospheric attenuation (Serghiou et al. 2022). 

This research provides a comprehensive method to analyze THz 
communication capabilities for 6G networks while addressing key challenges 
such as path loss and atmospheric degradation. The research outcomes 
enhance the understanding of THz technology performance characteristics 
and serve as a foundation for future investigations aimed at optimizing THz 
communication to support extensive 6G network deployment (Song and Lee 
2022; Yang and Shafie 2024). 

 
4. Results 
The simulation outcomes demonstrate both the beneficial characteristics 
together with the boundaries that THz communication faces when pursuing 
super-fast data transmission speed for 6G systems. The collected data 
covers LOS NLOS together with changing humidity and temperature tests to 
understand THz communication behavior across different environmental 
conditions. The research data presents its main findings through supporting 
tables. 
 
4.1. Data Rate and Signal Quality Across Frequencies and Distances 
The data rate achieved under various frequency bands and transmission 
distances underscores the potential of THz communication for high-capacity 
6G applications. As expected, higher frequencies (closer to 10 THz) yielded 
significantly greater data rates; however, these gains came with higher path 
loss and signal degradation, especially over increased distances. The table 
below presents the data rate, SNR, and BER metrics for different frequencies 
and distances in both Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) 
conditions. This comparison highlights the trade-offs in performance as 
distance and environmental complexity increase. 
 
 

Table I. Data Rate, SNR, and BER Across Frequencies and Distances 

Frequency 
(THz) 

Bandwidth 
(GHz) 

Distance 
(m) 

Data 
Rate 

(Gbps) 

SNR 
(dB) 

SNR 
(dB, 

NLOS) 

BER 
(LOS) 

BER 
(NLOS) 

0.1 10 10 150 28 22 1×10−5 1×10−4 
0.1 10 50 85 24 16 5×10−4 1×10−3 
0.5 50 10 700 32 27 1×10−6 5×10−5 
0.5 50 50 380 27 21 8×10−4 2×10−3 
1.0 100 10 1500 38 31 2×10−7 3×10−5 
1.0 100 50 950 30 23 9×10−4 3×10−3 
5.0 500 10 5000 42 34 3×10−8 7×10−6 
5.0 500 50 2100 33 28 1×10−3 4×10−3 
10.0 1000 10 8500 45 36 1×10−9 2×10−7 
10.0 1000 50 5000 35 30 2×10−3 6×10−3 

 
As shown in Table I, data rates are highest at the 10 THz frequency band 

with a peak of 8.5 Tbps at a 10-meter distance in LOS conditions. However, 
signal attenuation becomes more pronounced as distance increases, 
particularly in NLOS conditions, where both the SNR and BER values indicate 
substantial performance degradation. These results emphasize that while 
THz frequencies offer remarkable data throughput, their effective range is 
limited by environmental factors. According to the research, for consistent 
network coverage 6G commercial implementations should integrate THz 
communication technology with lower-frequency bands. Figures displaying 
data over several frequency bands under both Line- of- Sight (LOS) and Non-
Line-of- Sight (NLOS) conditions demonstrate trends in Signal-to- Noise Ratio 
(SNR) and Bit Error Rate (BER). These graphs show frequency-based 
variations in signal quality and error percentages, which provide basic 
information to help one understand THz communication problems in practical 
situations. 
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applications (Shafie et al. 2023; You et al. 2020). 
Research comparing mmWave communication demonstrates the strength 

of THz technology for ultra-high-speed data transfer purposes. According to 
Serghiou et al. (2022), the high data rates achieved through THz 
communication must be complemented by the advantages of mmWave 
technology for optimal operations in 6G networks in regions with high 
atmospheric attenuation (Serghiou et al. 2022). 

This research provides a comprehensive method to analyze THz 
communication capabilities for 6G networks while addressing key challenges 
such as path loss and atmospheric degradation. The research outcomes 
enhance the understanding of THz technology performance characteristics 
and serve as a foundation for future investigations aimed at optimizing THz 
communication to support extensive 6G network deployment (Song and Lee 
2022; Yang and Shafie 2024). 

 
4. Results 
The simulation outcomes demonstrate both the beneficial characteristics 
together with the boundaries that THz communication faces when pursuing 
super-fast data transmission speed for 6G systems. The collected data 
covers LOS NLOS together with changing humidity and temperature tests to 
understand THz communication behavior across different environmental 
conditions. The research data presents its main findings through supporting 
tables. 
 
4.1. Data Rate and Signal Quality Across Frequencies and Distances 
The data rate achieved under various frequency bands and transmission 
distances underscores the potential of THz communication for high-capacity 
6G applications. As expected, higher frequencies (closer to 10 THz) yielded 
significantly greater data rates; however, these gains came with higher path 
loss and signal degradation, especially over increased distances. The table 
below presents the data rate, SNR, and BER metrics for different frequencies 
and distances in both Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) 
conditions. This comparison highlights the trade-offs in performance as 
distance and environmental complexity increase. 
 
 

Table I. Data Rate, SNR, and BER Across Frequencies and Distances 
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Data 
Rate 
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0.1 10 10 150 28 22 1×10−5 1×10−4 
0.1 10 50 85 24 16 5×10−4 1×10−3 
0.5 50 10 700 32 27 1×10−6 5×10−5 
0.5 50 50 380 27 21 8×10−4 2×10−3 
1.0 100 10 1500 38 31 2×10−7 3×10−5 
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5.0 500 10 5000 42 34 3×10−8 7×10−6 
5.0 500 50 2100 33 28 1×10−3 4×10−3 
10.0 1000 10 8500 45 36 1×10−9 2×10−7 
10.0 1000 50 5000 35 30 2×10−3 6×10−3 

 
As shown in Table I, data rates are highest at the 10 THz frequency band 

with a peak of 8.5 Tbps at a 10-meter distance in LOS conditions. However, 
signal attenuation becomes more pronounced as distance increases, 
particularly in NLOS conditions, where both the SNR and BER values indicate 
substantial performance degradation. These results emphasize that while 
THz frequencies offer remarkable data throughput, their effective range is 
limited by environmental factors. According to the research, for consistent 
network coverage 6G commercial implementations should integrate THz 
communication technology with lower-frequency bands. Figures displaying 
data over several frequency bands under both Line- of- Sight (LOS) and Non-
Line-of- Sight (NLOS) conditions demonstrate trends in Signal-to- Noise Ratio 
(SNR) and Bit Error Rate (BER). These graphs show frequency-based 
variations in signal quality and error percentages, which provide basic 
information to help one understand THz communication problems in practical 
situations. 
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unacceptable� For instance, a service may offer highly accurate data, but this 
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for investigating the dimensions of data quality in the field of open banking� In this 
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Figure  1. SNR Variations Across Frequency Bands in Line-of-Sight (LOS) and 

Non-Line-of-Sight (NLOS) Conditions for Terahertz Communication 
 

Figure 1 illustrates the SNR values at various THz frequency points for 
both LOS and NLOS conditions. The results demonstrate that, under LOS 
conditions, SNR consistently increases with frequency, reaching a maximum 
value at 10 THz. At every frequency, the LOS configuration exhibits superior 
SNR values compared to NLOS settings, highlighting the significant impact of 
losing direct line-of-sight on signal transmissions. Under LOS conditions at a 
frequency of 5 THz, the SNR reaches 40 dB, whereas NLOS locations exhibit 
an SNR of approximately 30 dB. These results indicate that high signal fidelity 
applications must prioritize LOS conditions, as they are essential at higher 
frequencies. 

Suitable deployment strategies are required as part of the THz 
communication framework for implementing 6G networks. Urban or indoor 
applications experience reduced SNR under NLOS conditions unless 
advanced technologies, such as intelligent reflecting surfaces, are integrated 
to mitigate these effects. These surfaces can redirect signals to compensate 
for SNR degradation in NLOS settings, thereby providing potential 
improvements in challenging communication coverage areas. 

 
Figure  2. Bit Error Rate (BER) Impact Across Frequency Bands Under Line-of-

Sight (LOS) and Non-Line-of-Sight (NLOS) Conditions in 6G Networks 
 

Figure 2 shows a logarithmic scale presentation of the BER values from 
different frequencies together with LOS and NLOS data for clarity. The signal 
integrity becomes substantially better as frequency rises because of LOS 
conditions. At 10 THz frequency the BER reaches its lowest point in LOS to 
achieve 10−9 values that enable HD video streaming and real-time augmented 
reality systems. The BER rates are substantially high in NLOS scenarios and 
especially notable at frequencies below 1 THz. Higher frequencies within 
NLOS result in better BER performance although the values remain higher 
than LOS conditions. The BER reaches about 10−3 when the frequency 
reaches 0.1 THz in non-line-of-sight conditions which might be inadequate for 
time-sensitive applications. Error-correction techniques together with 
adaptive modulation systems become essential for reducing transmission 
errors because THz communication frequently faces major obstacles at high-
frequency NLOS conditions. 

 
4.2. Signal-to-Noise Ratio (SNR) and Bit Error Rate (BER) 
The conducted SNR and BER assessments demonstrate how signal quality 
performs under environmental influence. Under THz communication 
conditions the SNR performance was stable in LOS situations until it declined 
considerably in NLOS transmissions and when humidity reached high levels. 
The BER showed the highest sensitivity to humidity because error rates 
increased substantially when conditions became humid. 
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�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�

Assessing the Importance of Various Dimensions of Data ...   |   Hassani et al.

3

Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)
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Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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Figure  1. SNR Variations Across Frequency Bands in Line-of-Sight (LOS) and 

Non-Line-of-Sight (NLOS) Conditions for Terahertz Communication 
 

Figure 1 illustrates the SNR values at various THz frequency points for 
both LOS and NLOS conditions. The results demonstrate that, under LOS 
conditions, SNR consistently increases with frequency, reaching a maximum 
value at 10 THz. At every frequency, the LOS configuration exhibits superior 
SNR values compared to NLOS settings, highlighting the significant impact of 
losing direct line-of-sight on signal transmissions. Under LOS conditions at a 
frequency of 5 THz, the SNR reaches 40 dB, whereas NLOS locations exhibit 
an SNR of approximately 30 dB. These results indicate that high signal fidelity 
applications must prioritize LOS conditions, as they are essential at higher 
frequencies. 

Suitable deployment strategies are required as part of the THz 
communication framework for implementing 6G networks. Urban or indoor 
applications experience reduced SNR under NLOS conditions unless 
advanced technologies, such as intelligent reflecting surfaces, are integrated 
to mitigate these effects. These surfaces can redirect signals to compensate 
for SNR degradation in NLOS settings, thereby providing potential 
improvements in challenging communication coverage areas. 

 
Figure  2. Bit Error Rate (BER) Impact Across Frequency Bands Under Line-of-

Sight (LOS) and Non-Line-of-Sight (NLOS) Conditions in 6G Networks 
 

Figure 2 shows a logarithmic scale presentation of the BER values from 
different frequencies together with LOS and NLOS data for clarity. The signal 
integrity becomes substantially better as frequency rises because of LOS 
conditions. At 10 THz frequency the BER reaches its lowest point in LOS to 
achieve 10−9 values that enable HD video streaming and real-time augmented 
reality systems. The BER rates are substantially high in NLOS scenarios and 
especially notable at frequencies below 1 THz. Higher frequencies within 
NLOS result in better BER performance although the values remain higher 
than LOS conditions. The BER reaches about 10−3 when the frequency 
reaches 0.1 THz in non-line-of-sight conditions which might be inadequate for 
time-sensitive applications. Error-correction techniques together with 
adaptive modulation systems become essential for reducing transmission 
errors because THz communication frequently faces major obstacles at high-
frequency NLOS conditions. 

 
4.2. Signal-to-Noise Ratio (SNR) and Bit Error Rate (BER) 
The conducted SNR and BER assessments demonstrate how signal quality 
performs under environmental influence. Under THz communication 
conditions the SNR performance was stable in LOS situations until it declined 
considerably in NLOS transmissions and when humidity reached high levels. 
The BER showed the highest sensitivity to humidity because error rates 
increased substantially when conditions became humid. 
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sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
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Since data quality has various dimensions beyond accuracy and privacy, 
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of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�

Summer 2025

1196

Table II. SNR and BER Across Humidity Levels at Different Frequencies 
Frequency 

(THz) 
Humidity (%) 

SNR (dB, 
LOS) 

SNR (dB, 
NLOS) 

BER 
(LOS) 

BER 
(NLOS) 

0.1 20 28 21 1×10−5 3×10−4 
0.1 90 18 12 5×10−3 2×10−3 
0.5 20 32 26 2×10−6 9×10−4 
0.5 90 21 15 1×10−3 4×10−3 
5.0 20 42 34 3×10−8 6×10−5 
5.0 90 30 24 2×10−2 5×10−2 

10.0 20 45 39 1×10−9 3×10−7 
10.0 90 33 28 4×10−2 9×10−2 

 
Table II demonstrates the Signal-to-Noise Ratio (SNR) and Bit Error Rate 

(BER) measurements of different frequencies while measuring through LOS 
and NLOS areas under humidity levels which clarify how moisture affects THz 
signal integrity and quality. 

All frequency bands experience substantial SNR reduction based on rising 
humidity rates according to the provided data table. The LOS SNR value 
decreases from 28 dB to 18 dB at 0.1 THz when humidity rises from 20% to 
90%. THz signals experience much greater SNR reduction from 45 dB to 33 
dB when measured between environments of low humidity and high humidity 
conditions at 10 THz. Increased water vapor absorption becomes a factor that 
weakens signal strength in THz communications especially in situations with 
NLOS propagation due to the wave absorption and scattering effects of water 
vapor. 

The data shows that THz communication systems remain vulnerable to 
atmospheric condition changes which should be addressed when deploying 
practical systems. The combination of high humidity conditions may 
negatively impact stable high-SNR connections used for high-definition video 
streaming and critical IoT data transfers unless reflective surfaces or adaptive 
beamforming systems are implemented as corrective measures. 

BER experiences substantial elevation when humidity increases 
significantly in NLOS situations according to the presented data. The error 
rate rises to 9×10−2 at 10 THz operation with 90% humidity in NLOS scenarios 
thus rendering important applications that require high data reliability unsuited 
for this condition. Under the conditions of 20% humidity the 10 THz 
communication link in LOS produces a BER of 1×10−9 which demonstrates 

superior error performance. The findings demonstrate that NLOS conditions 
along with high humidity operate as an unacceptable combination at higher 
frequencies which results in excessive BER levels. 

Research indicates the necessity of improving error-correction 
approaches in THz systems because humidity affects the NLOS 
performance. Forward error correction (FEC) together with automatic repeat 
request (ARQ) technology provides a solution to minimize errors linked to the 
increased BER in such conditions. The implementation of these techniques 
needs proper management of latency because different application needs 
require different levels of latency control. 

 

4.3. Energy Consumption 
The assessment conducted latency alongside energy efficiency to evaluate 
THz communication suitability for 6G applications. Experimental results 
obtained from this study showed latency improvements happening at higher 
frequencies simultaneously with changes in energy consumption depending 
on environmental conditions. A graphical representation shows the 
connection between latency and energy efficiency under different Terahertz 
(THz) communication frequencies and distances and bandwidths to predict 
6G application performance levels. 

 
Figure  3. Latency and Energy Efficiency Across Frequencies, Distances, and 

Bandwidths in Terahertz Communication for 6G Applications 
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utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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10.0 20 45 39 1×10−9 3×10−7 
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Table II demonstrates the Signal-to-Noise Ratio (SNR) and Bit Error Rate 

(BER) measurements of different frequencies while measuring through LOS 
and NLOS areas under humidity levels which clarify how moisture affects THz 
signal integrity and quality. 

All frequency bands experience substantial SNR reduction based on rising 
humidity rates according to the provided data table. The LOS SNR value 
decreases from 28 dB to 18 dB at 0.1 THz when humidity rises from 20% to 
90%. THz signals experience much greater SNR reduction from 45 dB to 33 
dB when measured between environments of low humidity and high humidity 
conditions at 10 THz. Increased water vapor absorption becomes a factor that 
weakens signal strength in THz communications especially in situations with 
NLOS propagation due to the wave absorption and scattering effects of water 
vapor. 

The data shows that THz communication systems remain vulnerable to 
atmospheric condition changes which should be addressed when deploying 
practical systems. The combination of high humidity conditions may 
negatively impact stable high-SNR connections used for high-definition video 
streaming and critical IoT data transfers unless reflective surfaces or adaptive 
beamforming systems are implemented as corrective measures. 

BER experiences substantial elevation when humidity increases 
significantly in NLOS situations according to the presented data. The error 
rate rises to 9×10−2 at 10 THz operation with 90% humidity in NLOS scenarios 
thus rendering important applications that require high data reliability unsuited 
for this condition. Under the conditions of 20% humidity the 10 THz 
communication link in LOS produces a BER of 1×10−9 which demonstrates 

superior error performance. The findings demonstrate that NLOS conditions 
along with high humidity operate as an unacceptable combination at higher 
frequencies which results in excessive BER levels. 

Research indicates the necessity of improving error-correction 
approaches in THz systems because humidity affects the NLOS 
performance. Forward error correction (FEC) together with automatic repeat 
request (ARQ) technology provides a solution to minimize errors linked to the 
increased BER in such conditions. The implementation of these techniques 
needs proper management of latency because different application needs 
require different levels of latency control. 

 

4.3. Energy Consumption 
The assessment conducted latency alongside energy efficiency to evaluate 
THz communication suitability for 6G applications. Experimental results 
obtained from this study showed latency improvements happening at higher 
frequencies simultaneously with changes in energy consumption depending 
on environmental conditions. A graphical representation shows the 
connection between latency and energy efficiency under different Terahertz 
(THz) communication frequencies and distances and bandwidths to predict 
6G application performance levels. 
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may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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The Figure 3 displays latency measurements through the blue line that 
shows data at different frequency bands. The minimum latency duration of 1 
millisecond occurs at 10 THz frequency when bandwidth achieves 1000 GHz. 
Ultra-low latency requirements for real-time augmented reality and virtual 
reality together with autonomous vehicle communication find support within 
the THz frequency spectrum because latency drops at higher frequencies. 

Notably, lower frequencies (0.1 THz and 0.5 THz) exhibit higher latency, 
particularly at narrow bandwidths of 10 GHz to 50 GHz. When using 0.1 THz 
and a bandwidth of 10 GHz the system achieves its maximum latency of 15 
ms. The latency requirement for 6G technology use cases depends on broad 
bandwidth accessibility so this pattern demonstrates its crucial importance. 
The studied data indicates that THz communication systems need to combine 
high frequencies with broad bandwidths when the goal is quick data 
transmission to achieve minimum latency. 

The energy efficiency levels are shown on the red line by using mW/Gbps 
units. The power efficiency of a system improves at higher frequencies 
because there is a balance between operational speed and electrical power 
usage. At a frequency of 10 THz the system reaches its highest energy 
efficiency rate of 16 mW/Gbps whereas energy efficiency at 0.1 THz stands 
at 6 mW/Gbps. At present this data shows that boosting data rates through 
high frequencies requires additional power usage. 

The discovery carries considerable importance for creating power-efficient 
network designs during 6G development. The advantage of high-frequency 
THz bands to minimize latency faces limitations when applied to critical 
applications that require energy efficiency such as battery-powered IoT 
devices along with remote sensors. Network components should use power 
management approaches with adaptable frequency selection protocols to 
determine energy usage limits according to their specific applications. THz 
communication deployment strategies for 6G networks will require balancing 
latency performance with energy consumption because of the dual analysis 
of these two parameters. High frequencies provide latency reduction at the 
expense of increased power consumption which highlights the critical need to 
develop sustainable resource management systems and energy-efficient 
hardware technology. The implementation of latency-aware communication 
protocols should choose THz frequencies operating at 10 THz along with their 
broad bandwidth. Edge computing together with low-power IoT solutions 

require energy efficiency more than latency so lower frequency ranges 
become advantageous. This visual representation demonstrates the critical 
need for network systems which can adjust their communication approach in 
accordance with THz-based 6G network requirements. Network operators 
should use real-time demand data to automatically adjust frequency together 
with bandwidth and power output therefore optimizing network performance 
across various application requirements. The ability to adapt will serve as the 
critical element for maximizing THz communication potential in satisfying 
data-heavy real-time solutions and energy-focused wireless network 
requirements moving into the following wireless network generation. 

 
4.4. Environmental Impacts on THz Propagation 
The performance of THz communication remains vulnerable to environmental 
effects such as humidity along with temperature and dust particles as well as 
physical barriers blocking the signal transmission. Environmental conditions 
greatly impact THz wave propagation, which can limit the operational range, 
particularly in open and urban areas where the atmosphere plays a significant 
role. As shown in the previous tables, high humidity leads to increased 
attenuation, significantly reducing the signal-to-noise ratio (SNR) and 
increasing the bit error rate (BER). The signal absorption from water 
molecules in humid environments degrades a signal transmission spanning 
50 meters especially at frequencies above 1 THz. 

Table III below illustrates the effect of varying humidity on SNR and BER 
at a distance of 50 meters different frequency bands. 
 

Table III. Impact of Humidity on SNR and BER Across Different Terahertz 
Frequencies in LOS and NLOS Conditions 

Frequency 
(THz) 

Humidity 
(%) 

SNR (dB, 
LOS) 

SNR (dB, 
NLOS) 

BER 
(LOS) 

BER 
(NLOS) 

0.1 20 24 18 5×10−4 2×10−3 
0.1 90 12 8 3×10−2 6×10−2 
5.0 20 33 25 1×10−3 4×10−3 
5.0 90 21 16 2×10−2 5×10−2 

10.0 20 35 28 3×10−3 7×10−3 
10.0 90 18 11 4×10−2 9×10−2 

 

The data in Table III shows Signal-to-Noise Ratio (SNR) and Bit Error Rate 
(BER) changes at various humidity ranges among different frequencies for 
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banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
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Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
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objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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The Figure 3 displays latency measurements through the blue line that 
shows data at different frequency bands. The minimum latency duration of 1 
millisecond occurs at 10 THz frequency when bandwidth achieves 1000 GHz. 
Ultra-low latency requirements for real-time augmented reality and virtual 
reality together with autonomous vehicle communication find support within 
the THz frequency spectrum because latency drops at higher frequencies. 

Notably, lower frequencies (0.1 THz and 0.5 THz) exhibit higher latency, 
particularly at narrow bandwidths of 10 GHz to 50 GHz. When using 0.1 THz 
and a bandwidth of 10 GHz the system achieves its maximum latency of 15 
ms. The latency requirement for 6G technology use cases depends on broad 
bandwidth accessibility so this pattern demonstrates its crucial importance. 
The studied data indicates that THz communication systems need to combine 
high frequencies with broad bandwidths when the goal is quick data 
transmission to achieve minimum latency. 

The energy efficiency levels are shown on the red line by using mW/Gbps 
units. The power efficiency of a system improves at higher frequencies 
because there is a balance between operational speed and electrical power 
usage. At a frequency of 10 THz the system reaches its highest energy 
efficiency rate of 16 mW/Gbps whereas energy efficiency at 0.1 THz stands 
at 6 mW/Gbps. At present this data shows that boosting data rates through 
high frequencies requires additional power usage. 

The discovery carries considerable importance for creating power-efficient 
network designs during 6G development. The advantage of high-frequency 
THz bands to minimize latency faces limitations when applied to critical 
applications that require energy efficiency such as battery-powered IoT 
devices along with remote sensors. Network components should use power 
management approaches with adaptable frequency selection protocols to 
determine energy usage limits according to their specific applications. THz 
communication deployment strategies for 6G networks will require balancing 
latency performance with energy consumption because of the dual analysis 
of these two parameters. High frequencies provide latency reduction at the 
expense of increased power consumption which highlights the critical need to 
develop sustainable resource management systems and energy-efficient 
hardware technology. The implementation of latency-aware communication 
protocols should choose THz frequencies operating at 10 THz along with their 
broad bandwidth. Edge computing together with low-power IoT solutions 

require energy efficiency more than latency so lower frequency ranges 
become advantageous. This visual representation demonstrates the critical 
need for network systems which can adjust their communication approach in 
accordance with THz-based 6G network requirements. Network operators 
should use real-time demand data to automatically adjust frequency together 
with bandwidth and power output therefore optimizing network performance 
across various application requirements. The ability to adapt will serve as the 
critical element for maximizing THz communication potential in satisfying 
data-heavy real-time solutions and energy-focused wireless network 
requirements moving into the following wireless network generation. 

 
4.4. Environmental Impacts on THz Propagation 
The performance of THz communication remains vulnerable to environmental 
effects such as humidity along with temperature and dust particles as well as 
physical barriers blocking the signal transmission. Environmental conditions 
greatly impact THz wave propagation, which can limit the operational range, 
particularly in open and urban areas where the atmosphere plays a significant 
role. As shown in the previous tables, high humidity leads to increased 
attenuation, significantly reducing the signal-to-noise ratio (SNR) and 
increasing the bit error rate (BER). The signal absorption from water 
molecules in humid environments degrades a signal transmission spanning 
50 meters especially at frequencies above 1 THz. 

Table III below illustrates the effect of varying humidity on SNR and BER 
at a distance of 50 meters different frequency bands. 
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10.0 20 35 28 3×10−3 7×10−3 
10.0 90 18 11 4×10−2 9×10−2 

 

The data in Table III shows Signal-to-Noise Ratio (SNR) and Bit Error Rate 
(BER) changes at various humidity ranges among different frequencies for 
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the neglect and lack of attention to the various aspects of data quality in the field 
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may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�
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Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) conditions. 
The data demonstrates that elevated humidity causes major SNR 

reductions which affect every frequency range. For instance, at 0.1 THz, SNR 
drops from 24 dB in low humidity (20%) to just 12 dB in high humidity (90%) 
in LOS conditions. The same humidity change causes the SNR to drop from 
35 dB to 18 dB at 10 THz frequency. Water vapor absorption causes SNR 
degradation during humidity increases because the process strongly reduces 
THz signal transmission quality. 

High air moisture levels intensify communication failures as shown by BER 
analysis when links operate without direct line of sight. When transmitting 
signals at 10 THz while operating at 90% humidity the BER reaches 9×10−2 
which indicates transmission errors would be likely to occur. The BER differs 
dramatically between these humidity levels because the 20% humidity leads 
to 3×10−3 errors at the same THz frequency in LOS conditions. Error 
correction techniques must be implemented in THz communication systems 
to maintain data integrity because high BER levels occur frequently under 
humid conditions. 

Research data indicates that 6G networks enabled by THz communication 
will require substantial environmental adaptations because of their 
dependence on environmental factors. Modern modulation methods and error 
control systems possess essential functions in preserving satisfactory signal-
to-noise ratio and bit-error ratio values across different humidity 
environments. Network designs that connect THz technology to lower-
frequency bands help maintain reliable connectivity in 6G applications when 
operating in areas with high humidity levels. 

 
4.5. Performance of Modulation Techniques Across Frequencies 
THz waves possess special propagation features that need modulation 
techniques to achieve maximum data rates together with minimum error 
occurrence levels. The research evaluated Quadrature Amplitude Modulation 
(QAM) and Orthogonal Frequency Division Multiplexing (OFDM) based on 
their high frequency operability. Constraints allow QAM to show superior 
operational capabilities because this modulation scheme doubles spectrum 
efficiency levels. The ability of OFDM to manage multipath propagation better 
made it superior for outdoor and NLOS conditions compared to OFDM. This 
tables demonstrates QAM and OFDM performance evaluation at 5 THz when 

employed across 30- or 100-meter distances under different environmental 
conditions. 
 

Table IV. Modulation Technique Performance Across Frequencies 
Frequency 

(THz) 
Modulation 

Data Rate 
(Gbps) 

BER 
Latency 

(ms) 
Frequency 

(THz) 
0.5 QAM 380 2×10−3 3.0 0.5 
0.5 OFDM 420 7×10−4 2.8 0.5 
1.0 QAM 950 1×10−3 2.5 1.0 
1.0 OFDM 980 3×10−4 2.3 1.0 
5.0 QAM 2100 1×10−3 2.0 5.0 
5.0 OFDM 2200 4×10−4 1.7 5.0 

10.0 QAM 5000 2×10−3 1.5 10.0 
10.0 OFDM 5100 6×10−4 1.3 10.0 

 

From Table IV, we can see that OFDM consistently outperforms QAM in 
terms of BER, indicating a higher tolerance for THz-specific challenges such 
as multipath fading and atmospheric attenuation. Although the data rate 
difference is marginal, OFDM's lower latency and error rate make it more 
suitable for THz-based 6G applications where reliability and speed are 
crucial. Implementing OFDM in THz networks could thus provide a robust 
solution for demanding applications like autonomous vehicle communication 
or real-time virtual reality. 

THz communication technology delivers exceptional data rates yet exists 
in a vulnerable state due to environmental elements especially water in the 
atmosphere. New THz networks will require adaptable hybrid technologies 
because current scenarios demonstrate both high BER rates and significant 
signal signal losses. The combination of THz technology with mmWave or 
sub-6 GHz frequency bands can establish the required reliability levels for 
global 6G implementation. 

Studies show OFDM produces superior performance than QAM which 
demonstrates an optimal modulation technique direction for THz applications 
of the future. As the networks grow, 6G networks must include adaptive 
modulation techniques that track ambient factors for dynamic changes. Using 
tools built on machine learning, atmospheric variables might be predicted to 
adjust modulation settings, thereby optimizing THz system performance in 
real-time. 

Through THz network viability validation, the study provides essential 
support for high-frequency communication studies but also highlights 
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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crucial. Implementing OFDM in THz networks could thus provide a robust 
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because current scenarios demonstrate both high BER rates and significant 
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sub-6 GHz frequency bands can establish the required reliability levels for 
global 6G implementation. 
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modulation techniques that track ambient factors for dynamic changes. Using 
tools built on machine learning, atmospheric variables might be predicted to 
adjust modulation settings, thereby optimizing THz system performance in 
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significant technical problems that need to be resolved for general use. To 
achieve its transformative role in 6G and subsequent technologies THz 
requires ongoing advancements of hardware as well as energy-efficient and 
adaptive communication strategies. 

 

4.6. Hardware Requirements 
The practical implementation of THz communication necessitates critical 
hardware developments essential for its success. Issues of power efficiency 
and heat dissipation prevent traditional electronics used in mmWave 
technology from adopting THz frequency operations. The combination of 
graphene and silicon photonics presents potential solutions for the 
development of antennas and transceivers at THz frequencies, ensuring 
effective high-frequency operation. The energy-efficient operation of high-
frequency systems relies on graphene-based transceivers, which provide 
tunable capabilities due to their minimal power consumption. The integration 
of photonic elements in THz systems facilitates optimal interoperability with 
existing fiber optic networks, establishing continuous communications 
between fibers and THz wireless networks. Continued research and 
development must address remaining obstacles, including production costs, 
component interoperability, and manufacturing challenges of these systems. 
 

Table V. Challenges and Advancements in Material Science for THz Hardware 
Efficiency 

Challenge Current Solutions Material 
Advancements Expected Impact 

Heat Dissipation 
Passive cooling, 
limited efficiency 

Graphene, Carbon 
Nanotubes 

Improved thermal 
management and 

reduced heat 

Power Loss 
High power 
amplifiers 

Silicon Photonics, 
Metamaterials 

Enhanced power 
efficiency at high 

frequencies 

Compatibility with 
Fiber Optics 

Fiber-to-
waveguide 
converters 

Photonics 
Integration with 

Fiber 

Seamless data 
transmission at THz 

frequencies 
Manufacturing 

Cost 
Specialized, high-

cost materials 
Low-Cost Synthetic 

Materials 
Economical and scalable 

THz device production 

Environmental 
Stability 

Limited 
performance in 

variable climates 

Topological 
Photonics, 

Adaptive Materials 

Better signal integrity in 
diverse environments 

Bandwidth 
Flexibility 

Fixed band 
technologies 

Tunable 
Graphene-Based 

Transceivers 

Greater adaptability to 
varied communication 

needs 

Table V indicate that while significant strides have been made in THz 
hardware development, material challenges remain. Graphene’s natural 
ability to regulate heat generation will help reduce temperature output that 
heats up dramatically at THz frequency operation. Photonics integration with 
existing fiber optic networks enables them to form continuous data pathways 
through which information passes from rapid fiber platforms to THz wireless 
platforms. 

The recent achievements demonstrate positive outlooks for THz hardware 
development. Research must persist to fulfill the requirements of high-
frequency ultra-fast data transfer in the 6G network. The continuous 
advancement of material science requires specific effort in pursuing scaled 
and inexpensive as well as durable component development. The table 
demonstrates existing breakthroughs in THz technology while identifying 
research directions that involve creating affordable materials with enhanced 
performance abilities. 

 
4.7. Integration with Existing Networks 
The integration of THz communication with existing 5G infrastructure 
encounters technical obstacles when delivering its potential high-speed data 
rates. The most practical network design approach will consist of combined 
5G mmWave and sub-6 GHz and THz frequency technology. The 5G 
backbone infrastructure would enable dense urban deployment of THz 
communication through its application in targeted hotspots and time-sensitive 
applications that require dramatic data speeds along with reduced latency. 
Such layering patterns between technologies makes THz systems work 
alongside current networks for improved operational performance alongside 
reduced expenses. 
 
4.8. Future Research Directions 
The findings of this study highlight several critical areas for future research. 
Atmospheric modeling must be enhanced to achieve precise predictions of 
THz propagation across different weather scenarios, as it represents an 
essential factor for widespread network deployment. Future research on 
advanced systems for error correction and machine learning applications for 
network optimization can develop reliable and efficient THz communication 
solutions. 
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significant technical problems that need to be resolved for general use. To 
achieve its transformative role in 6G and subsequent technologies THz 
requires ongoing advancements of hardware as well as energy-efficient and 
adaptive communication strategies. 

 

4.6. Hardware Requirements 
The practical implementation of THz communication necessitates critical 
hardware developments essential for its success. Issues of power efficiency 
and heat dissipation prevent traditional electronics used in mmWave 
technology from adopting THz frequency operations. The combination of 
graphene and silicon photonics presents potential solutions for the 
development of antennas and transceivers at THz frequencies, ensuring 
effective high-frequency operation. The energy-efficient operation of high-
frequency systems relies on graphene-based transceivers, which provide 
tunable capabilities due to their minimal power consumption. The integration 
of photonic elements in THz systems facilitates optimal interoperability with 
existing fiber optic networks, establishing continuous communications 
between fibers and THz wireless networks. Continued research and 
development must address remaining obstacles, including production costs, 
component interoperability, and manufacturing challenges of these systems. 
 

Table V. Challenges and Advancements in Material Science for THz Hardware 
Efficiency 

Challenge Current Solutions Material 
Advancements Expected Impact 

Heat Dissipation 
Passive cooling, 
limited efficiency 

Graphene, Carbon 
Nanotubes 

Improved thermal 
management and 

reduced heat 

Power Loss 
High power 
amplifiers 

Silicon Photonics, 
Metamaterials 

Enhanced power 
efficiency at high 
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Table V indicate that while significant strides have been made in THz 
hardware development, material challenges remain. Graphene’s natural 
ability to regulate heat generation will help reduce temperature output that 
heats up dramatically at THz frequency operation. Photonics integration with 
existing fiber optic networks enables them to form continuous data pathways 
through which information passes from rapid fiber platforms to THz wireless 
platforms. 

The recent achievements demonstrate positive outlooks for THz hardware 
development. Research must persist to fulfill the requirements of high-
frequency ultra-fast data transfer in the 6G network. The continuous 
advancement of material science requires specific effort in pursuing scaled 
and inexpensive as well as durable component development. The table 
demonstrates existing breakthroughs in THz technology while identifying 
research directions that involve creating affordable materials with enhanced 
performance abilities. 

 
4.7. Integration with Existing Networks 
The integration of THz communication with existing 5G infrastructure 
encounters technical obstacles when delivering its potential high-speed data 
rates. The most practical network design approach will consist of combined 
5G mmWave and sub-6 GHz and THz frequency technology. The 5G 
backbone infrastructure would enable dense urban deployment of THz 
communication through its application in targeted hotspots and time-sensitive 
applications that require dramatic data speeds along with reduced latency. 
Such layering patterns between technologies makes THz systems work 
alongside current networks for improved operational performance alongside 
reduced expenses. 
 
4.8. Future Research Directions 
The findings of this study highlight several critical areas for future research. 
Atmospheric modeling must be enhanced to achieve precise predictions of 
THz propagation across different weather scenarios, as it represents an 
essential factor for widespread network deployment. Future research on 
advanced systems for error correction and machine learning applications for 
network optimization can develop reliable and efficient THz communication 
solutions. 
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Research is required to develop advanced IRS alongside RIS platforms, 
which will control signal paths and enhance cellular signal strength in urban 
areas. Studies indicate that integrating RIS technology results in signal 
enhancement and increased range by mitigating high path loss effects in THz 
communication systems. 

The advancement of THz communication technology must uphold 
sustainability and energy efficiency standards. Technological research into 
energy-efficient THz devices, coupled with energy-harvesting integration 
methods, will help minimize operational expenses and environmental impacts 
of high-frequency communication systems. 

Under favorable conditions, this investigation demonstrated that THz 
communication networks could deliver ultra-fast data transmission 
capabilities reaching 8.5 Tbps. The wide-scale deployment of THz 
communication requires addressing crucial challenges stemming from 
environmental disturbances, hardware limitations, and intensive power 
usage. Future THz communication will necessitate scientific advancements 
in materials, error-correction, and intelligent surfaces, as these components 
are vital for meeting the network requirements of next-generation 
applications. 

Future research must focus on these problem areas to establish THz 
technology as a fundamental component of 6G networks, providing ultra-fast 
and near-instantaneous connections for emerging high-tech applications 
such as holographic communications and massive Internet of Things. 

 
5. Discussion  
This study proves that Terahertz (THz) communication presents high-speed 
data transfer capabilities necessary to support the advancing requirements of 
6G networks. To achieve the complete potential of THz communication 
additional improvements, need to be implemented that address the noted 
limitations. Our research outcomes conform with previous research findings 
in specific aspects yet highlight different obstacles linked to environmental 
effects and signal quality and hardware performance constraints. Studies 
show that THz communication technology demonstrates capacity to reach 
terabit-second data rates. Huq et al. (2021) highlighted the benefits of 
deploying THz-enabled networks for dense urban environments, noting the 
substantial increase in data capacity compared to millimeter-wave (mmWave) 

frequencies (Huq, Rodriguez, and Otung 2021). This study supports these 
findings, as the simulations demonstrated that THz communication could 
achieve data rates exceeding 8.5 Tbps under ideal conditions. The high data 
rates demonstrated performance deterioration in extended transmission 
distances as well as high humid environments but these factors received 
comparatively lesser attention in Huq’s 3D network models. 

The study by Raza et al. (2022) evaluated Intelligent Reflecting Surfaces 
(IRS) for THz communication and established that these surfaces significantly 
extend THz wave effectiveness by adapting signals around barriers to 
specified destinations (Raza et al. 2022). The experimental results verify the 
argument that using IRS solutions could reduce signal weakening during Non-
Line-of-Sight (NLOS) situations that create severe signal degradation. The 
research of Raza indicates IRS capabilities to handle propagation problems 
but our study showed that high-humidity conditions require additional hybrid 
solutions beyond IRS to preserve signal quality standards. 

Various adaptive technologies along with machine learning-based 
modulation standards and active frequency selection methods demonstrate 
potential in reducing environmental effects on THz wave communications. 
Real-time transmission parameters that adjust through intelligent algorithms 
respond to changes occurring in atmospheric conditions as well as 
temperature and humidity. Predictive algorithms enable THz systems through 
adaptive capabilities to optimize IRS setups and frequency selection while 
controlling power output levels to achieve stable signal performance 
regardless of environmental variations. RETT integration strengthens 
communication networks by providing stable connections across different 
operational settings. Research on adaptive technologies will help solve the 
obstacles which arise from environmental attenuation in THz frequency 
bands. Yang et al. (2020) introduced the concept of THz topological photonics 
for on-chip communication, emphasizing its potential to overcome limitations 
in traditional electronic circuits and improve scalability in compact 
communication systems (Yang et al. 2020). While topological photonics holds 
promise for short-range THz applications, our results suggest that 
implementing such solutions in large-scale 6G networks would require 
considerable advancements in material science and device engineering, as 
current hardware struggles with heat dissipation and energy efficiency at high 
THz frequencies. Therefore, while topological photonics is likely to benefit 
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specific use cases, such as on-chip data transfer, further research is needed 
to expand its applicability to broader network deployments. 

In terms of spectrum characteristics, Chaccour et al. (2022) discussed the 
defining features of THz wireless systems, noting their dual capabilities in 
communication and sensing (Chaccour et al. 2022). The study supports this 
duality, as we observed that THz frequencies are sensitive to environmental 
factors like humidity, making them suitable for environmental sensing. 
However, this also presents a limitation, as the absorption by atmospheric 
elements, such as water vapor, reduces signal strength over long distances, 
especially at higher frequencies. This trade-off between communication 
capacity and environmental sensitivity calls for innovative approaches to 
balance both functionalities within the same network infrastructure. 

Hall et al. (2023) emphasized the integration of deep learning at the 
physical layer to adapt THz communication systems dynamically, particularly 
in terms of error-correction and resource allocation (Hall et al. 2023). This 
aligns with our study's suggestion that machine learning could play a critical 
role in managing the complexity of THz environments. For instance, deep 
learning algorithms could be deployed to optimize IRS configurations 
dynamically, adjust modulation schemes based on environmental data, and 
predict optimal signal paths to reduce latency and power consumption. 
However, the challenge remains in developing models that can operate with 
the precision and speed required by THz systems in real-time. 

While Huq et al. (2021) acknowledge the data rate advantages of THz 
communication in urban settings, they do not fully address the environmental 
challenges that limit its range. This study builds upon Huq’s findings by 
illustrating how adaptive modulation and IRS can counteract high-humidity 
conditions, extending THz’s applicability across more varied environments 
(Huq, Rodriguez, and Otung 2021). 

Despite its promising potential, several limitations were identified in this 
study, echoing concerns raised by Akyildiz et al. (2022) regarding the 
practical challenges of THz communication (Akyildiz et al. 2022). First, 
atmospheric attenuation remains a significant barrier to THz wave 
propagation, particularly in high-humidity environments. As Pang (2023) 
noted, water vapor absorption is a well-known issue with THz frequencies, 
and our findings indicate that high-humidity conditions can reduce the SNR 
by as much as 12 dB, depending on frequency and distance (Pang 2023). 

While IRS can partially address this by redirecting signals, other solutions, 
such as hybrid networks that integrate mmWave frequencies, may be 
necessary to ensure reliable connectivity in diverse environmental conditions. 
Another critical limitation lies in hardware capabilities. Current transceivers 
and antennas are not fully optimized for THz frequencies, as many 
conventional materials exhibit high power loss and inefficiency at these levels. 
Shehata et al. (2023) suggested that photonics-aided THz systems could 
provide more scalable and robust solutions for 6G, particularly when 
integrated with fiber optics (Shehata et al. 2023). While this approach is 
promising, photonic components often entail higher costs and compatibility 
issues with existing electronic infrastructures, raising concerns about 
scalability and commercial viability. 

Driving energy usage for THz frequency operations proves to be an 
immense technical hurdle. The experimental results showed that energy 
efficiency decreases as the frequency increases particularly beyond 5 THz 
because power demands rise exponentially. A proper understanding of 
power-efficient hardware coupled with dynamic energy management systems 
becomes crucial for accommodating various requirements of high-frequency 
communications. THz systems must achieve additional enhancements to 
fulfill the sustainable criteria that will govern future 6G networks. 

Integration of network topology, which merges THz and mmWave 
frequencies to reduce their technological limitations, should next focus of 
study. By means of adaptive modulation creation and deep learning 
integration for real-time network optimization, THz communication systems 
may become more resilient. Researchers need further research on 
graphene's properties in conjunction with topological photonics to create 
effectively working THz frequency devices. 

When combined with THz communication systems, energy-harvesting 
technologies would eliminate power issues thereby enabling sustainable 
operations. If 6G technology is to fully realize, laws must provide necessary 
support for the development of 6G networks to mix innovations with THz 
spectrum allocation systems. THz communication will become clear as the 
main 6G basis with essential ultra-fast data transmission capacity for 
developing digital technologies. 
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6. Conclusions 
Terahertz (THz) technology has been investigated as a crucial component of 
6G networks due to its potential for rapid data transmission. Researchers 
have examined its susceptibility to environmental conditions, hardware-
specific challenges, and significant power consumption constraints. Research 
simulations and theoretical modeling indicate that THz communication 
technology can efficiently achieve data speeds exceeding several terabits per 
second. This makes it suitable for 6G applications requiring high bandwidth, 
such as real-time holography, massive IoT networks, and augmented reality 
immersion features. However, the scalability of THz communication 
necessitates addressing several technological challenges to render it a 
practical option. 

The primary obstacle to THz wave propagation is strong environmental 
absorption, particularly in high humidity conditions, which degrades 
transmission quality. Under Non-Line-of-Sight (NLOS) scenarios, THz wave 
absorption by ambient water vapor restricts operational distances and 
diminishes signal quality. Although Intelligent Reflecting Surfaces (IRS) 
combined with enhanced modulation techniques have shown limited 
effectiveness in mitigating these stability challenges, further advancements 
are required for broader environmental deployment. Additionally, the 
hardware limitations of THz communication continue to pose significant 
challenges. Alongside energy system efficiency, the high-power loss 
associated with THz frequencies in existing materials adversely affects 
system performance. According to the literature, economically viable 
production techniques for graphene and photonic components are essential 
to overcome these operational constraints. 

Research findings reveal an interaction between power efficiency 
performance metrics and information speed, as measured by system 
responsiveness. High-frequency signals enhance transmission speed and 
reduce round-trip time; however, their power consumption becomes 
significant when operated over long distances. The development of power 
management systems that automatically adapt their operations based on 
different application requirements and environmental factors presents a 
promising area for further research. Hybrid power allocation across the THz 
band and the mmWave network enables operators to optimize system 
performance without exceeding budgetary constraints for energy costs. 

The future development of THz communication necessitates research into 
multiple technological areas to overcome existing implementation challenges. 
By integrating THz and mmWave frequencies, network systems can harness 
the benefits of both technologies, surpassing individual limitations. Dynamic 
signal modulation techniques and THz wave-specific coding methods could 
enhance signal integrity through improved environmental adaptation. Deep 
learning algorithms and artificial intelligence hold significant potential to 
optimize networks in real-time by adapting to continuously changing THz 
channel conditions. 

Materials science and device engineering must focus on developing 
components that meet the specific requirements of THz frequencies. The 
exploration of topological photonics and reconfigurable intelligent surfaces 
offers potential tools for extending THz signal propagation and coverage 
capabilities. The advancement of efficient next-generation THz devices for 
network applications will rely on creating materials with adjustable 
performance attributes, low energy inputs, and high-frequency compatibility. 

The main contribution of this research lies in its extensive evaluation of 
THz communication's dual operation between high-speed data rates and 
solutions to physical limitations and environmental challenges. By merging 
simulated data with theoretical insights, the research establishes directions 
for advancing THz communication while delineating current system 
boundaries. These findings contribute new knowledge to the field of THz 
technologies and guide future research efforts aimed at overcoming identified 
obstacles. 

While THz communication faces numerous challenges, it holds 
transformative potential for wireless networks, significantly extending their 
capabilities. The future success of THz communication hinges on researchers 
devising effective solutions to address atmospheric propagation, power 
consumption, and hardware requirements. Multidisciplinary collaboration and 
innovation will drive THz technology to become an essential component for 
6G and beyond, resulting in reliable and high-speed global communication 
systems. 
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sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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6. Conclusions 
Terahertz (THz) technology has been investigated as a crucial component of 
6G networks due to its potential for rapid data transmission. Researchers 
have examined its susceptibility to environmental conditions, hardware-
specific challenges, and significant power consumption constraints. Research 
simulations and theoretical modeling indicate that THz communication 
technology can efficiently achieve data speeds exceeding several terabits per 
second. This makes it suitable for 6G applications requiring high bandwidth, 
such as real-time holography, massive IoT networks, and augmented reality 
immersion features. However, the scalability of THz communication 
necessitates addressing several technological challenges to render it a 
practical option. 

The primary obstacle to THz wave propagation is strong environmental 
absorption, particularly in high humidity conditions, which degrades 
transmission quality. Under Non-Line-of-Sight (NLOS) scenarios, THz wave 
absorption by ambient water vapor restricts operational distances and 
diminishes signal quality. Although Intelligent Reflecting Surfaces (IRS) 
combined with enhanced modulation techniques have shown limited 
effectiveness in mitigating these stability challenges, further advancements 
are required for broader environmental deployment. Additionally, the 
hardware limitations of THz communication continue to pose significant 
challenges. Alongside energy system efficiency, the high-power loss 
associated with THz frequencies in existing materials adversely affects 
system performance. According to the literature, economically viable 
production techniques for graphene and photonic components are essential 
to overcome these operational constraints. 

Research findings reveal an interaction between power efficiency 
performance metrics and information speed, as measured by system 
responsiveness. High-frequency signals enhance transmission speed and 
reduce round-trip time; however, their power consumption becomes 
significant when operated over long distances. The development of power 
management systems that automatically adapt their operations based on 
different application requirements and environmental factors presents a 
promising area for further research. Hybrid power allocation across the THz 
band and the mmWave network enables operators to optimize system 
performance without exceeding budgetary constraints for energy costs. 

The future development of THz communication necessitates research into 
multiple technological areas to overcome existing implementation challenges. 
By integrating THz and mmWave frequencies, network systems can harness 
the benefits of both technologies, surpassing individual limitations. Dynamic 
signal modulation techniques and THz wave-specific coding methods could 
enhance signal integrity through improved environmental adaptation. Deep 
learning algorithms and artificial intelligence hold significant potential to 
optimize networks in real-time by adapting to continuously changing THz 
channel conditions. 

Materials science and device engineering must focus on developing 
components that meet the specific requirements of THz frequencies. The 
exploration of topological photonics and reconfigurable intelligent surfaces 
offers potential tools for extending THz signal propagation and coverage 
capabilities. The advancement of efficient next-generation THz devices for 
network applications will rely on creating materials with adjustable 
performance attributes, low energy inputs, and high-frequency compatibility. 

The main contribution of this research lies in its extensive evaluation of 
THz communication's dual operation between high-speed data rates and 
solutions to physical limitations and environmental challenges. By merging 
simulated data with theoretical insights, the research establishes directions 
for advancing THz communication while delineating current system 
boundaries. These findings contribute new knowledge to the field of THz 
technologies and guide future research efforts aimed at overcoming identified 
obstacles. 

While THz communication faces numerous challenges, it holds 
transformative potential for wireless networks, significantly extending their 
capabilities. The future success of THz communication hinges on researchers 
devising effective solutions to address atmospheric propagation, power 
consumption, and hardware requirements. Multidisciplinary collaboration and 
innovation will drive THz technology to become an essential component for 
6G and beyond, resulting in reliable and high-speed global communication 
systems. 
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Since data quality has various dimensions beyond accuracy and privacy, 
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may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
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information may not be current for the intended activity, or it may be accurate but 
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sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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