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ABSTRACT: This research paper explores how wireless communication has played a key role in transforming
healthcare and bringing in a new era of personalized, linked, and data-driven medical services. With the proliferation of
wireless healthcare applications, ensuring the security and privacy of sensitive medical data has become paramount. We
discuss the potential of blockchain technology, to address challenges and to secure next-generation wireless healthcare.
We have elaborated how blockchain’s core characteristics, such as immutability and decentralization, can create a secure
and transparent environment for sharing and storing medical data. Additionally, this paper examines how emerging
technologies, like secure communication protocols and Homomorphic encryption, can be integrated with blockchain
in safeguarding medical data during transmission and improving overall connectivity in healthcare environments.
Furthermore, we discuss the challenges and opportunities associated with implementing blockchain technology in
real-world healthcare scenarios. By employing blockchain and physical layer security techniques, healthcare providers
can mitigate security risks, preserve patient privacy, and facilitate seamless connectivity, thereby fostering trust and
reliability in wireless healthcare systems. Finally this paper highlights the pivotal role of wireless technology in fostering
a new era of healthcare that is more patient-centric, efficient, and informed by data-driven insights.

KEYWORDS: Blockchain; 6G; internet of healthcare things (IoHTs); medical data; cryptography; physical layer
security (PLS); decentralized trust; HIPAA

1 Introduction
The healthcare industry stands on the precipice of a significant transformation driven by the conver-

gence of wireless technologies and the anticipated arrival of 6G wireless communication. 6G promises to
revolutionize wireless communication by offering unprecedented data rates, ultra-low latency, and massive
network capacity [1]. These advancements hold immense potential for enhancing the capabilities of next-
generation wireless healthcare. The high bandwidth offered by 6G will facilitate the seamless transmission
of real-time medical data, including high-resolution medical images, complex biosignals, and detailed
sensor data. This will enable remote patient monitoring with exceptional granularity, allowing healthcare
providers to make more informed decisions based on a more comprehensive picture of a patient’s health [2,3].
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The ultra-low latency promised by 6G paves the way for real-time remote surgery and other latency-
sensitive medical procedures. Surgeons will be able to perform complex procedures with minimal delay,
regardless of geographical boundaries, potentially improving access to specialized care for patients in remote
locations [4,5]. However, the increased connectivity and data sharing in wireless healthcare systems also
amplify the risks of data breaches, cyberattacks, and unauthorized access to sensitive patient information. A
detailed diagram of the conceptual architecture of the blockchain infrastructure network can be visualized
in Fig. 1.

Figure 1: Blockchain-enabled next-gen wireless healthcare: structural overview.

The healthcare industry is a prime target for cyber threats due to the high value of patient data and the
potential consequences of compromised information [6]. In an attempt to tackle these security issues and
guarantee that wireless healthcare systems are trustworthy, researchers have focused on new technologies
such as blockchain and the IoT with regard to healthcare. Blockchain, enabled through its autonomous and
scripted processes, secures data communication while enabling the sharing of data in a secured environment.
But the security concerns presented by healthcare over wireless will only be amplified in a 6G world, where
even more data is transmitted wirelessly and has to remain safe from tampering or unauthorized access. The
large number of connected devices within the 6G ecosystem will create a vast attack surface for malicious
actors [7]. Therefore, exploring the integration of blockchain and other security-focused technologies with
6G infrastructure becomes even more critical for securing next-generation wireless healthcare.

Blockchain technology emerges as a beacon of hope, offering a secure and reliable foundation for next-
generation wireless healthcare. Blockchain is a digital distributed ledger or database used to maintain records
of transactional data that maintains the chronological sequence in which certain economic transactions
have taken place across multiple computers within an open network. A blockchain that is secure means
every transaction on the chain can never be altered or deleted without being detected because they are
cryptographically secured. For most applications, this underlying immutability would be a critical point of
differentiation, especially in healthcare, where data integrity and auditability are crucial. The health industry
can benefit from the utilization of blockchain technology to create a safe and transparent location for the
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storage of sensitive patient data on wireless networks that include an audit trail [8]. When combining
blockchain with emerging technologies in wireless healthcare, it is important to recognize the inherent
security trade-offs. For example, the integration of blockchain with IoT devices enhances immutability
and auditability of patient data but can introduce latency and higher energy demands, which may hinder
real-time monitoring in critical care scenarios. Similarly, coupling blockchain with AI improves the ability
to detect anomalies and support predictive decision-making, yet it also raises concerns related to patient
privacy, as sensitive health data must be shared for model training. In the case of 5G networks, blockchain
strengthens secure data transmission across distributed infrastructures; however, scalability and interoper-
ability challenges may emerge, especially when multiple healthcare providers and legacy systems are involved.
These examples highlight that while blockchain significantly contributes to security and trust, its integration
with other technologies must be carefully managed to balance performance, efficiency, and patient safety.
The synergistic integration of blockchain, 6G, and IoHT is pivotal for next-generation wireless healthcare.
6G provides the foundational high-bandwidth, ultra-low-latency network (the transport layer) required
for real-time IoHT data transmission, such as remote surgery and high-resolution imaging. IoHT devices
(Internet of Medical Things (IoMT), wearables, and sensors) act as the data sources (the content generators),
continuously generating sensitive patient data. The blockchain layer serves as the immutable security and
trust backbone, cryptographically securing the data from these IoHT devices, validating transactions on
the 6G network, and providing transparent, auditable access control via smart contracts. This layered
approach ensures that the massive data volumes and mission-critical nature of 6G-enabled healthcare are
underpinned by robust, decentralized security, directly addressing the amplified cyber risks of a highly
connected ecosystem.

Fig. 2 illustrates the technical integration architecture of blockchain within next-generation wireless
healthcare systems. The figure emphasizes three core components: the distributed ledger, the consensus
mechanism, and smart contracts, which collectively establish the secure backbone of the proposed system.
The distributed ledger ensures that patient data and medical records are stored in an immutable and
decentralized manner, eliminating risks associated with single-point failures. The consensus mechanism
maintains integrity and synchronization across multiple healthcare nodes, guaranteeing that only valid
transactions—such as patient record updates or access requests—are recorded. Finally, smart contracts
automate healthcare processes, such as granting access rights, triggering alerts during emergencies, and
enforcing compliance with HIPAA/GDPR regulations. In addition, Fig. 2 contextualizes these components
within specific healthcare applications, including secure data sharing between hospitals, patient-centric
record management, and supply chain transparency for medical resources. This integration highlights how
blockchain is not used in isolation but rather as a layered infrastructure that interoperates with wireless IoMT
devices, clinical systems, and regulatory frameworks.

Blockchain plays an instrumental role in securing futuristic wireless healthcare at multiple levels. The
developers of blockchain themselves do not control the data or anything else in a project. A blockchain is
not like a usual centralized database in which all data is spread out at a single place, nearly to the extent
that it has this syndrome of one-point failure, because here decentralized networks (miners/full nodes) hold
different pieces of the pie. This ensures that there is no single point of failure—eliminating the potential
risk of a cyberattack to bring down the entire system. Also, if one node is compromised, the other nodes
have the data secured. By delivering a distributed on-chain approach like this, transparency and trust
in the entire healthcare life science value chain are insured, as all valid parties have timely access to an
auditable log of recorded patient data at their disposal [9]. If (for example) one of the nodes were to be
compromised by an attacker, this means that the other part should still stay secure. By building a certified
electronic health record (EHR), the healthcare system can provide accountability to the patients, as well as
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interoperability and trustworthiness by ensuring that all relevant stakeholders have equal access to reliable
information. Blockchain gives patients their health data powered by self-sovereign identity (SSI) solutions,
enabling patients to take charge of their medical records. Patients will subsequently have the ability to provide
authority to designated healthcare professionals, researchers, and other authorized authorities.

Figure 2: Integrated blockchain cloud architecture for EHR lifecycle management in healthcare.

The proposed blockchain-enabled model significantly surpasses traditional centralized systems by
fundamentally enhancing trust, efficiency, and privacy. Trust is established through the core characteristics
of immutability and decentralization, which eliminate a single point of failure and provide an unchangeable,
cryptographically secured audit trail for all data transactions. Efficiency is improved through the imple-
mentation of smart contracts, which automate critical administrative processes such as granting access
rights and triggering emergency alerts, minimizing human error and reducing the administrative burden
inherent in complex, multi-stakeholder healthcare systems. Crucially, privacy is elevated via a patient-centric
security paradigm; cryptographic protocols and fine-grained access control mechanisms, enforced through
HIPAA/GDPR-compliant smart contracts, empower patients with control over their health data and ensure
that sensitive information is only accessible by authorized parties for verifiable purposes.

The discernible nature of data access arises from the meticulous control that HIPAA-compliant APIs
provide to both clinicians and patients, hence promoting patient engagement in healthcare decision-
making [10]. The blockchain allows for secure and auditable data exchange between the stethoscope sensors
within a wireless healthcare network.

Smart contracts are self-executing and reside on the blockchain, with predefined conditions that trigger
a certain event or create an action. In the healthcare industry, smart contracts can help determine when
patient data is accessed and send automatic alarms in case of critical health events, along with enabling a
secure correspondence between hospital providers (healthcare services) and patients. By automating this
process, potential human error is lowered, and the overall administrative burden of healthcare processes is
also decreased by a lot. Blockchain technology enhances overall efficacy and scalability of wireless healthcare
networks. Distributed ledger technology, such as blockchains, enables healthcare entities to create secure and
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interoperable sharing platforms among multiple providers/systems. This ultimately leads to improved patient
outcomes and reduced costs when the naked data atomicity barrier is removed as a seamless coordination
of care. Information exchange can be achieved with less redundant entry of data by the many stakeholders
involved in caring for improving clinical communications [11]. Table 1 presents the existing surveys of
blockchain with technologies and their potential applications in wireless communicationstartlongtab

Table 1: A comprehensive overview of blockchain technologies and their potential applications in 6G.

Author Advantages Disadvantages

Blockchain for
5G/6G

The advantages for the integration of
blockchain technology with 5G/6G
networks include enhanced security

through decentralized and immutable
data storage, improved privacy by

protecting sensitive user data,
increased efficiency by streamlining

network operations, and greater
transparency by enabling auditable

and verifiable transactions.

One major limitation is the scalability
of blockchain networks, which can
struggle to handle the massive data
volumes and high transaction rates

associated with 5G/6G. The high
energy consumption of blockchain

networks and the complexity of
integrating them with existing
network infrastructure pose

significant hurdles.

Blockchain for AI

Blockchain technology can
significantly enhance the capabilities

of AI systems by providing secure,
transparent, and decentralized data

storage and processing. This can lead
to improved AI model training,

enhanced data privacy and security,
and increased trust in AI-powered

applications.

The scalability of blockchain networks
can be a limitation, especially when

dealing with large-scale AI
applications that require

high-throughput data processing.

Blockchain for AR
and VR

Blockchain technology can enhance
AR and VR experiences by providing a
secure and decentralized platform for
asset ownership, ensuring that digital
items and experiences are verifiable

and tamper-proof.

The scalability issues that can hinder
performance, particularly in

applications requiring real-time
processing. The complexity of

blockchain technology can create
barriers to entry for developers and

users unfamiliar with its mechanisms,
potentially slowing down adoption

rates.

Shadow deployment provides a valuable mechanism for testing new models and system upgrades in
wireless healthcare without disrupting live services, but it also introduces notable limitations and trade-
offs across technical and regulatory dimensions. From a system design perspective, sustaining parallel
infrastructures increases computational overhead, bandwidth consumption, and storage demands, which
may burden resource-constrained clinical settings. Synchronizing real-time patient data across production
and shadow environments can also create latency, data drift, and interoperability challenges, especially in
heterogeneous IoT-enabled healthcare systems. At the same time, compliance and governance issues emerge,
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as duplicating sensitive health data raises concerns under regulations such as HIPAA and GDPR regarding
privacy, consent, and liability in the event of errors. To ensure practical enforcement of HIPAA/GDPR
compliance within the proposed blockchain-enabled wireless healthcare framework, several mechanisms
are incorporated. First, smart contracts are used to embed regulatory rules and automatically enforce access
permissions, consent management, and data-sharing policies. Second, HIPAA-compliant APIs and GDPR-
aligned consent protocols provide fine-grained control over patient data access, with immutable audit trails
that make unauthorized or non-compliant activity immediately detectable. Third, role-based and attribute-
based access control (RBAC/ABAC) mechanisms are integrated into the blockchain to guarantee that only
authorized personnel can access or process sensitive health data. Fourth, decentralized identity (DID/SSI)
management systems empower patients to provide or revoke data access in compliance with GDPR’s right-
to-consent and right-to-erasure requirements. In addition, governance layers such as regulatory sandboxes
and ethics committees provide oversight for evolving blockchain-enabled healthcare systems. Collectively,
these mechanisms ensure that compliance is not only conceptual but also actionable and verifiable in
practice. Blockchain and related emerging technologies can mitigate some of these issues by ensuring
tamper-proof synchronization, immutable audit trails, and decentralized trust; however, challenges related
to scalability, throughput, governance, and institutional costs remain. Consequently, shadow deployment in
next-generation wireless healthcare requires a balanced strategy that considers not only technical feasibility
but also compliance, patient safety, and organizational capacity.

Blockchain mitigates some of the inherent weaknesses in centralized systems because its transactions
are auditable and no one is able to edit or update it without appropriate approval, all due to distributed
trust processes and cryptographic principles. In the paper, more robust security features are needed due to
increased use of Internet of Things devices, as shown by health service facilities. Blockchain is especially well-
suited for this purpose because it can foster cooperative trust and enable secure data interaction [12]. When
combined with complementary emerging technologies, blockchains have the ability to provide a scenario
for a completely safe and connected healthcare environment. One example is federated learning, in which
machine learning models are collaboratively trained on decentralized data sets to ensure the privacy of the
data. This approach ensures that private patient data is kept within certain organizations but also allows for
providers and medical researchers to utilize the anonymized population-based information [13].

To overcome blockchain’s transaction throughput and latency constraints in high-volume 6G healthcare
scenarios, mitigation strategies such as sharding (to enable parallel transaction validation), off-chain solu-
tions including state channels and side chains (to process frequent interactions without burdening the main
chain), and hybrid blockchain–edge/cloud architectures (to optimize resource allocation while ensuring
security) can be employed. These approaches collectively enhance scalability and responsiveness, making
blockchain viable for real-time, mission-critical healthcare data transmission.

Homomorphic encryption [14], which is used to enable calculations on encrypted data without
decrypting them, offers a much more secure level than encryption and is so highly recommended. With this
new method, healthcare professionals can analyze and share patient data with transfers without access to
sensitive meanings beneath the surface. Secure multiparty computation schemes facilitate safe collaborative
healthcare research and analysis by allowing multiple parties to compute a function over their private
inputs without revealing the actual details of these individual records. A significant literature [15–18]
has been published on the topic of blockchain-supported wireless communications. These publications
extensively discuss the fundamental principles, network structure, technologies that facilitate blockchain
implementation, research obstacles, and potential areas for future investigation. Furthermore, numerous
studies [19–21] have thoroughly examined the reciprocal integration of blockchain and AI. The integration of
blockchain and AI for wireless communications can significantly enhance network performance across many
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services and applications. Several literary works have provided summaries and evaluations of the subject
matter of the integration of blockchain and AI in wireless communications. In particular, very few studies
have focused on the simultaneous implementation of blockchain and AI for future wireless communications.
The research mentioned in reference [22] provided a limited discussion on the possibilities of combining
blockchain with machine learning (ML) in wireless communication systems. In a similar vein, the study
in [23] provided a concise overview of the use of reinforcement learning (RL)-empowered blockchains in
Industrial IoT (IIoT) networks. Despite its promising potential, the integration of blockchain into wireless
healthcare also faces notable challenges. Interoperability remains a key concern, as blockchain solutions must
seamlessly integrate with heterogeneous healthcare information systems and comply with diverse standards.
Furthermore, certain blockchain consensus mechanisms, particularly those based on proof-of-work, can
be energy-intensive, raising sustainability and cost-related issues. Scalability is another limitation, as the
high volume of real-time patient data may exceed the transaction throughput capacity of many blockchain
networks, leading to latency and performance bottlenecks. Addressing these challenges is essential to ensure
that blockchain adoption in healthcare is both practical and sustainable.

This paper examines the various security concerns faced by contemporary and future wireless healthcare
systems, with a particular focus on how advanced innovations, including blockchain technology, can address
these challenges. Here, in this rapidly changing environment of ecology, we present a holistic architecture
for enhancing connectivity and securing transmission. Our analysis focuses on a secure healthcare system
requirement in wireless networks of next generations and an exhaustive valuation of the pros and cons of
existing security measures. This paper presents a unified view on the recent state of research in terms of
security for next-generation wireless healthcare. It demonstrates the power of blockchain in modernizing
data protection and interconnectedness on this platform. This will enable a greater trust between stakeholders
and lead to an ecosystem that is not only stronger but also much more resistant, efficient, and patient-
first, allowing them to reap the benefits of connected healthcare without compromising security or violating
privacy constraints around sensitive health information.

1.1 Contributions
Our paper offers a thorough analysis and outlook on the prevailing stage of research on blockchain and

emerging technologies for 6G wireless communications in comparison to the studies that have been pub-
lished. We anticipate that this study will hold considerable importance in conducting more groundbreaking
research in this promising field. This research paper offers several novel contributions to the burgeoning field
of next-generation wireless healthcare security:

1. Holistic Security Framework: We propose a comprehensive security framework that moves beyond
simply applying blockchain to specific healthcare use cases. We present a holistic approach that considers
the interconnected nature of next-gen wireless healthcare ecosystems, addressing security challenges
across data transmission, device connectivity, and stakeholder collaboration.

2. Synergistic Integration of Emerging Technologies: Recognizing the limitations of standalone solu-
tions, we advocate for a synergistic integration of blockchain with other emerging technologies like
federated learning, homomorphic encryption, and secure multi-party computation. This integrated
approach enables a more robust and multifaceted security posture, addressing a wider range of
vulnerabilities and attack vectors.

3. Focus on Practical Implementation: This research goes beyond theoretical frameworks by providing
practical insights into the implementation challenges and opportunities associated with deploying
these technologies in real-world healthcare settings. We discuss considerations related to scalability,
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interoperability, regulatory compliance, and stakeholder adoption, bridging the gap between theoretical
concepts and practical deployment.

4. Patient-Centric Security Paradigm: We emphasize a patient-centric approach to security, recognizing
the importance of empowering patients with greater control over their health information. Our pro-
posed framework prioritizes patient privacy and data ownership, ensuring that patients remain active
participants in safeguarding their sensitive health data.

5. Contribution to a Secure and Equitable Healthcare Ecosystem: Ultimately, this research contributes
to the development of a more secure, equitable, and patient-centric healthcare ecosystem. By addressing
the critical security challenges hindering the widespread adoption of next-gen wireless healthcare,
we aim to unlock the full potential of these transformative technologies, leading to improved patient
outcomes, enhanced healthcare accessibility, and a more sustainable healthcare system.

1.2 Paper Organization
Section 1 presents the research objectives and contributions of this paper. This introduces the concept of

blockchain and its potential applications in healthcare, which highlights the importance of secure data trans-
mission and improved connectivity. Section 2 discusses the current state of wireless healthcare technologies
and their limitations by exploring the challenges related to data security, privacy, and interoperability. This
also reviews existing approaches to address these challenges. Section 3 presents the proposed framework
for indulging blockchain to secure data transmission and improve connectivity in wireless healthcare.
Discusses the key components of the framework, including smart contracts, consensus mechanisms, and
cryptographic techniques. Also explains how the framework addresses the challenges identified in the
background section. Section 4 identifies the key challenges faced by wireless healthcare systems, such as data
security, privacy, interoperability, and connectivity, along with the potential negative consequences of these
challenges. Finally, Section 5 summarizes the key findings and contributions of the paper with reinforcement
and the importance of blockchain and other emerging technologies in securing next-gen wireless healthcare
by outlining potential future directions and recommendations.

2 Foundations of Blockchain Integration for Secure and Efficient Wireless Healthcare Systems

2.1 Artificial Intelligence
To enhance medical research, the industry will utilize technologies, including artificial intelligence,

to provide user- and customer-centric interfaces and data-driven methodologies for data processing and
improved outcomes [24]. A visual representation is shown in Fig. 3 provides a clear and concise overview of
the flow, which makes it easier for readers to understand the intricate relationships between different sections
of blockchain and AI in wireless networks. Healthcare practitioners will access the blockchain to examine
patient medical records, while AI will utilize various proposed algorithms, decision-making capabilities,
and extensive data sets. Consequently, the incorporation of the latest technological advancements will yield
enhanced service efficiency, diminished costs, and equitable healthcare inside the medical system. AI can
facilitate the identification and prioritization of individual patients for drug monitoring and growth, which
is essential for efficient medication manufacture and reduced deadlines. AI has been developed to emulate
the cognitive processes of clinicians in order to understand health trends and patterns. Data is collected from
multiple sources, including the patient, the radiologist, and images presented as unstructured data [25]. AI
can conduct complex computational functions and rapidly assess huge volumes of patient data. Nevertheless,
certain physicians remain apprehensive regarding the application of AI in healthcare, especially in roles that
could affect a patient’s welfare, due to the formidable capabilities of AI, which have shown that numerous
dynamic and cognitive tasks can be performed more rapidly than by humans [26].
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Figure 3: The integration of blockchain and AI technologies to enhance the security and efficiency.

With the advancements made in numerous industries, it appears plausible that the healthcare industry
will continue to be the first to experience the positive impact of AI on individual lives that extends beyond
usability. AI may identify indicators of Alzheimer’s disease in brain scans prior to physicians, as indicated
by a recent study published in Neurobiology of Aging, and comparative analyses of scans from healthy
brains and those impacted by Alzheimer’s disease are being performed using AI [27]. In chatbot counseling,
the emphasis on AI undermines the reciprocity and transparency essential in the connection between
mental healthcare patients and specialists. Chatbots can be utilized for purposes including setting up online
follow-up appointments with a patient’s doctor, and they can help customers with their treatment criteria
and billing. This utilization enhances [28] patient services and offers round-the-clock assistance with basic
applications such as scheduling, accounting, and various therapeutic tools, while reducing overall hospital
operating expenses.

A diagram illustrates the integration of blockchain and emerging technologies in healthcare in Fig. 4.
As IoT-enabled medical devices continuously generate massive streams of patient data, the challenge shifts
from simple data collection to meaningful interpretation. At this point, artificial intelligence becomes indis-
pensable, leveraging advanced analytics and learning algorithms to transform raw IoT data into actionable
insights that can improve patient safety and clinical decision-making. While AI offers powerful tools for
healthcare data analysis, its effectiveness is often constrained by latency and limited processing resources
at the device level. To overcome these barriers, Multi-Access Edge Computing (MEC) complements AI by
providing decentralized, near-patient computing power, thereby ensuring real-time analytics and secure
decision support in critical healthcare scenarios. Although MEC ensures timely and efficient processing,
the distributed nature of healthcare data across IoT, AI, and edge layers introduces new security and trust
challenges. Blockchain addresses these concerns by enabling tamper-proof, transparent, and verifiable data
transmission, thereby completing the secure foundation for next-generation wireless healthcare.
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Figure 4: The integration between blockchain and AI, enables real-time monitoring & anomaly detection.

2.2 Telehealth and Virtual Reality (AR and VR)
The design of blockchain in wired communication networks utilizes the complex machinery with

substantial communication resources, including allocated spectrum, transmission power, receiver sensitivity,
and the quantity of communication nodes [29]. Consequently, the deterioration of power and security
resulting from communication is negligible. However, this is not relevant to the rapidly evolving wireless-
connected digital society, which encompasses numerous wireless devices across industries such as finance,
healthcare, and supply chain, among others. Table 2 presents the security requirements for wireless commu-
nication in smart healthcare systems in medical hospitals along with wireless communication. Due to the
upcoming advantages of the 6G network, most of the information exchange occurs through wireless com-
munication [30]. AR (Augmented Reality) introduces new technologies into day-to-day lifestyle, merging
virtual and physical environments. AR enables the creation of interactive experiences that demonstrate how
medicines and medical devices interact with the human body. This disruptive technology offers healthcare
professionals the ability to find better results within the treatment [31]. Thus AR and VR (Virtual Reality) is
often combined in the discussions. AR integrates virtual objects into the real world. On the other hand, VR
immerses users entirely in a virtual world environment. We require less hardware, headsets, and learning
curves for AR when compared with VR.

Table 2: The critical security requirements for wireless communication in smart healthcare systems.

Technique Description

Data Confidentiality
Ensuring that sensitive patient data remains private and

inaccessible to unauthorized parties is paramount in smart
healthcare.

Data Integrity Maintaining the accuracy and reliability of healthcare data is
crucial for accurate diagnosis and treatment.

Authentication and
Authorization

Implements a robust authentication and authorization
mechanism to prevent unauthorized access to healthcare

systems and data.

(Continued)
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Table 2 (continued)

Technique Description

Channel coding Uses error-correcting codes to make the transmitted signal more
robust to noise and interference.

Non-repudiation Establish non-repudiation so that parties cannot deny their
involvement in a transaction or communication.

Interoperability
Enabling seamless communication and data exchange between

different healthcare systems and devices is essential for
providing comprehensive and coordinated care.

Compliance with
Regulations

Adhering to relevant healthcare regulations, such as HIPAA in
the United States and GDPR in the European Union, is crucial to

protect data security and patient privacy.

From the late 20s, data security has become a major concern for everyone, and blockchain becomes
handy in these situations. Blockchain is based on smart contracts to ensure reliable data transfer. The
blockchain algorithm ensures that every node in the system preserves identical transaction content and
sequence, which is the fundamental principle of blockchain technology [32]. Contact tracing involves several
reliable IoMT devices utilizing various wireless connectivity technologies, including Bluetooth, LoRA, near
field communication (NFC), 6G, and WiFi, to facilitate measurement through localization and positioning
algorithms. Trusted edge intelligence is strategically used to improve the accuracy of blockchain data when
connected with AR and VR. The blockchain-enabled system guarantees transparency in the storage and
utilization of signal data, together with the processing of information, while ensuring the privacy of all users
is protected [33].

There are several use cases of AR and VR in blockchain; in some domains their integration in healthcare
has opened many interesting opportunities for healthcare professionals. It is observed that when AR and
VR are added to blockchain-based solutions as emerging technologies, they improve the way users interact
with digital content [34]. The psychological effects of interacting with 3-D environments have enhanced
the effectiveness of education and training for healthcare professionals. Many avenues have been opened by
VR and AR technologies for virtual market research and real-time consumer feedback. Virtual simulations
allow designers to gauge reactions and preferences of different users while again helping them to provide
the best user interface. Although the number of integrated use cases is somewhat limited, there is clear
evidence that in the healthcare field, this technology is converging. Given the growth estimates and the
benefits, it is easy to imagine that many more applications will be developed in the near future, both in
software and hardware [35]. The uncertain nature of wireless networking technologies in ensuring the
robustness, manageability, and cost-effectiveness of virtual network functions has brought several challenges,
as indicated by Rethink Technology Ltd., research.

A detailed diagram of AI and VR/AR in a 6G wireless network in a healthcare network can be visualized
in Fig. 5. The ecosystem for the adoption of 5G and making innovation in 6G has been started by many
organizations on different levels. One of them is the Flagship research program in 6G, which is funded
and supported by the Academy of Finland and headed by the University of Oulu. The development of 6G
technology is still in its early phases, and considerable work will be required to realize the ultimate objective of
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6G [36]. The principal enablers of 6G wireless networks encompass edge intelligence, homomorphic encryp-
tion, blockchain technology, and photonics-based cognition; these elements are essential for optimizing user
experience in augmented and virtual reality environments.

Figure 5: The emerging technologies of AI and AR/VR in the 6G wireless network framework.

The integration of smart contracts within AR and VR environments presents a transformative paradigm
for secure data transmission and enhanced patient safety in next-gen wireless healthcare. Case studies
illuminate the profound potential of this convergence. For instance, in remote surgical training, smart
contracts can automate the licensing and secure sharing of high-fidelity AR/VR surgical simulations,
ensuring only authorized medical professionals access sensitive patient data and proprietary techniques.
Payment for these simulations could also be automatically disbursed upon completion and verification
of training modules, all immutably recorded on the blockchain. Another compelling example lies in VR-
based pain management therapies. Smart contracts could govern access to personalized VR therapeutic
environments, ensuring only prescribed patients receive the specific treatment protocols [37]. Furthermore,
they could securely record and timestamp patient engagement with these therapies, providing an auditable
and tamper-proof log for efficacy monitoring and insurance claims, thereby bolstering patient safety by
ensuring treatment fidelity and data integrity within these immersive healthcare applications.

Therefore, to address these challenges, a novel 6G architecture must be developed in the AR/VR
field. Other technology similar to AR and VR, i.e., XR technology, includes MR, AR, and VR, which
holds the potential to provide a fully immersive experience in 6G, surpassing the limitations of 5G’s lower
latency capabilities. MR, unlike augmented reality, introduces computer-generated graphical objects into
the physical world, seamlessly blending the line between the real and virtual worlds. Brain-Computer
Interfaces (BCI) are poised to revolutionize healthcare with the advent of 6G, alongside extended reality
applications. Both domains necessitate stringent requirements, including ultra-low latency, exceptionally
high data rates, and reliability, analogous to extended reality. Recent advancements have included Dynamic
Spectrum Management (DSM) techniques, including Spectrum Access System (SAS), Licensed Shared
Spectrum (LSA), and Dynamic Spectrum Access (DSA). These strategies enhance spectrum allocation,
sensing, and sharing, hence improving the efficiency of radio spectrum management in 6G networks [38].

To ensure clarity in understanding the end-to-end data movement within the proposed architecture
flow of healthcare information across the AR/VR, AI, and blockchain layers. Data acquisition begins with
immersive AR/VR-enabled medical interfaces and IoMT sensors, which capture real-time physiological and
contextual parameters from patients. This raw data is transmitted via secure wireless links to nearby edge
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computing nodes, where preliminary AI-driven analytics, such as anomaly detection and contextual filtering,
are performed to minimize communication overhead and enhance response time. The processed information
is then forwarded to advanced AI modules deployed in cloud or fog environments for deep analytics,
diagnostic support, and predictive modeling. Once validated, the outcomes are cryptographically hashed
and stored within the blockchain ledger, where immutable records ensure provenance, authenticity, and
traceability of all medical transactions. Each stage introduces distinct latency and security characteristics—
AR/VR and edge layers typically incur minimal latency (1–3 ms) due to local processing, AI analytics
introduce moderate computational delay (5–10 ms) depending on model complexity, and blockchain
storage/verification adds cryptographic and consensus-related latency (8–15 ms). To mitigate the latter,
optimization strategies such as sharding, off-chain computation, and hybrid blockchain-edge architectures
are employed. This structured flow not only ensures secure and efficient data transmission but also maintains
patient safety and compliance with privacy regulations throughout the entire digital healthcare ecosystem. A
detailed diagram of blockchain and emerging technologies in a healthcare network can be visualized in Fig. 6.

Figure 6: This diagram illustrates the integration of blockchain and emerging technologies.

2.3 IoT and Federated Learning
The most recent advancement in telecommunications is 6G communication, which is currently being

developed. With each new generation of communication comes adjustments to the operating standard,
norms, and communication framework. The bandwidth usage and allocation ratios for current-generation
devices are optimized, reflecting insignificant communication streams and a low risk of data breaches
through communication channels [39]. However, 3G, 4G, and 5G networks have limited resources and
infrastructure that fall short of the theoretical spectrum calculations. Computation ratio models need to
be validated through physical attribute mapping on devices commonly used in IoMT and IoT. IoT has
transformed the world, driving various technological trends from Industry 1.0 to Industry 5.0, as well as
advancements in AR/VR/MR, blockchain, and more [40].

Reports indicate that the IoT market in 2023 remained robust, with the number of connected IoT devices
reaching approximately 16.7 billion and IoT enterprise spending around 235 billion dollars. Furthermore,
while 5G focuses on ground-based communications, 6G will extend its reach to explore communications in
space and the deep sea. IOT with 6G wireless communication is transforming industrial revolution 5.0 in
every aspect of human life, including smart healthcare and smart education/training [41].
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New forms of IOT-enabled interaction are being explored, including holographic, five-sense, and even
brain-computer approaches, which will create new verticals in turn. IOT with powerful communication like
6G can improve smart healthcare systems. IoT-enabled applications will impose more stringent demands
on wireless communication networks [42]. IOT with 6G will greatly enhance smart education and training
systems, as innovations like holographic communications, five-sense communications, high-quality VR/AR,
mobile-edge computing, and AI will contribute to creating more interactive and user-friendly learning
environments for health professionals [43]. By demonstrating processes through holography and enabling
interaction with objects, this approach helps future doctors retain more information, reduce costs, and avoid
the risks associated with traditional training methods. Each data entry is time-stamped and encrypted in
Blockchain, making unauthorized alterations nearly impossible [44]. The speed and bandwidth provided by
6G networks were leveraged to facilitate rapid and reliable data transfer, enabling seamless communication
between devices and healthcare providers. As a result, patient monitoring, diagnosis, and treatment have
been improved [45]. IoT is scaling for many organizations, consumer giant Nestle announced 2.8 million
connected devices through the AWS IoT platform. IoT may no longer be the ‘cool’ buzzword it once was.
In 2023, companies shifted their focus to the potential of AI, but IoT continued to scale quietly in the
background. Meanwhile, the Nasdaq Composite, a key index for technology companies, rose by 43 percent
in 2023 after experiencing a 33 percent decline in 2022. Not only did investors celebrate the potential peak in
interest rates, but they also saw new opportunities in AI. In 2023, chip maker Nvidia saw a remarkable 246
percent gain, while Amazon, Microsoft, and Alphabet posted gains of 77 percent, 58 percent, and 57 percent,
respectively, each outperforming the Nasdaq. The global GDP growth for the year was 3.0 percent, stronger
than many had anticipated at the start of the year, though it still lagged behind the historical average by 0.8
percentage points. Hence, AI-enabled security protocols in healthcare are a promising feature of Reliance.

3 Securing Next-Gen Wireless Healthcare

3.1 Homomorphic Encryption
This section provides a summary of current research and approaches related to protecting patient

privacy in healthcare systems based on the IoT. In recent years, blockchain technology has been utilized
to safeguard the anonymity of remote data, bolstered by an integrity verification mechanism, within the
information management systems of IoT [46]. This approach did not rely on any external third parties.
The challenge was addressed by designing a system that leverages blockchain technology, bilinear pairings,
and a cryptographic framework. This enables the efficient verification of public batches of signatures. The
technology safeguards the confidentiality of data transmitted across IoT networks. Encryption techniques are
widely used for safeguarding individual privacy. Homomorphic encryption has been thoroughly examined as
a viable method for safeguarding data privacy in IoT healthcare applications. The homomorphic encryption
framework enables data proprietors to delegate data computations to untrusted parties while safeguarding
their privacy [47]. Table 3 represents the analysis of advantages of blockchain wireless communication in
healthcare system. Concerns of scalability and efficiency persist in relation to homomorphic encryption.
Data must be encrypted during blockchain data transmission. Outdated encryption methods used in
blockchain data transmission often result in data loss due to their vulnerability to decryption. Homomorphic
encryption is employed to safeguard data by allowing for the detection and correction of errors during
the encryption process, thereby ensuring data integrity [48]. Fully homomorphic encryption is a distinct
form of encryption. In contrast to the general homomorphic encryption algorithm, fully homomorphic
encryption permits the execution of any complex operation on encrypted data without necessitating the
decryption key. The complete computing procedure might be delegated to external parties. Blockchain, with
its inherent openness, traceability, reliability, and decentralized nature, ensures a high level of compatibility,
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confidentiality, and security in IoT applications [49]. Homomorphic encryption is utilized within the
framework to provide an additional layer of security for health data. Homomorphic encryption ensures
that the data remain encrypted during the training process, while blockchain provides decentralization and
transparency in calculations.

Table 3: Key benefits that blockchain technology offers to the healthcare industry.

Enhanced Data Security

Blockchain enhanced the data security in healthcare by
providing the decentralized and immutable ledger. This means
the patient’s data is distributed over the network, a number of
computers, and it is difficult for the eavesdropper to locate the

position of crucial data or information.

Streamlined clinical trials

Blockchain can streamline clinical trials by securely and
efficiently managing patient data, consent, and trial progress. It

enables real-time data sharing and analysis, accelerating the
development of new treatments and therapies.

Empowered Patients

Blockchain empowers patients by granting them control over
their health data. Patients can securely share their information
with authorized healthcare providers, researchers, and insurers

while maintaining privacy and ownership.

Reduced administrative costs

Blockchain can automate various administrative tasks in
healthcare, such as claims processing, billing, and insurance

verification. This reduces administrative overhead and frees up
resources for patient care.

This allows for outsourcing the entire computational process, potentially reducing the cost of data
encryption [50]. The data information on the blockchain is encrypted into ciphertext using a homomorphic
encryption algorithm. The smart contract on the blockchain can process encrypted data without revealing the
underlying plaintext information, thereby significantly enhancing user data privacy [51]. During the medical
insurance claim process, third-party data users receive solely the encrypted ciphertext of the patient’s EHR
insurance information, which remains indecipherable due to the Paillier homomorphic encryption scheme.
The insurance company also receives the encrypted EHR ciphertext but does not have access to the sensitive
EHR information. Despite the limitations of Paillier encryption, it still allows for additive and subtractive
homomorphic operations, thereby protecting patient EHR information propagated during data sharing and
analysis [52].

Integrating blockchain-based IoT with homomorphic encryption allows us to utilize the integrated
benefits of such advancements. Careful selection and utilization of their respective advantages will enable
us to develop more secure IoT smart devices in the near future [53]. Ignoring fast-developing trends and
emerging technologies such as blockchain and IoT has ceased to be a possibility since they are essential in
shaping the future. While blockchain-based IoT systems attempt to secure and protect IoT data, they still
face privacy concerns and vulnerabilities. Integrating blockchain-based IoT with homomorphic encryption
has considerable promise to improve IoT data security and privacy [54].

However, research on the integration of IoT, blockchain, and homomorphic encryption remains
restricted. Recent research suggests that the combination of blockchain and IoT creates a peer-to-peer
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system where interactions occur in an untrusted yet auditable environment. However, few proposed solutions
have focused on leveraging this technology to protect individual IoT data privacy from an end-to-end
perspective [55]. Compared to traditional methods, homomorphic encryption offers a solution to security
challenges in data sharing and model sharing with multiple data protection requirements. The development
of homomorphic encryption while safeguarding user privacy and data security remains an ongoing chal-
lenge. The blockchain serves as a distributed data storage, eliminating the single point of trust issue, while the
proposed smart contract functions as a data aggregation controller. By integrating homomorphic encryption
on top of the blockchain, individuals can handle the raw data disclosure problem and the single point of trust
issue and enable calculations on encrypted IoT data [56].

3.2 Digital Twins
The digital twin concept is increasingly prevalent across diverse fields, including medicine, logistics,

and engineering, serving as a digital representation of both potential and actual physical assets, processes,
individuals, locations, systems, and gadgets [57]. These replicas can be utilized for multiple reasons, including
analysis of current events and forecasting of intervention results. The extensive data on individual lives and
regular behaviors presents the potential for digital twins in healthcare, which could facilitate the study and
diagnosis of various illnesses, simulate therapies or medical treatments, and forecast their outcomes [58].
Predictions may be formulated for individuals or entire groups. The implementation of digital twins in
healthcare is intricately connected to the increasing accessibility of personal health data, as individuals may
easily collect information regarding their biomarkers, physical activities, and general well-being [59].

Blockchain ensures transparency and responsibility through encryption and regulatory procedures.
Every blockchain user is allocated to a public address, which is entirely transparent, enabling autho-
rized individuals to access their assets and transaction history. This guarantees an unparalleled degree of
accessibility in digital twins [60]. Blockchain-based access control governs all information pertaining to
digital twins, including laws and regulations, in a decentralized manner, facilitating autonomous operation.
Moreover, blockchain-based access control improves security via secure socket layer certificates assigned
to each digital twin, with certificate information administered on blockchains [61]. The creation of digital
twins on blockchain enables precise global identification and tracking. Blockchain enables digital twins to
securely access distributed data sets from several places without the need for third-party intermediaries.
Blockchain-based digital twins enhance record keeping, provenance tracking, and auditability by facilitating
straightforward access to and monitoring of digital twins data [62]. The complete history of digital twins,
from inception to the current state, may be delineated by blockchain technology. This precise provenance
monitoring can be employed to examine and identify fraud in any aspect of digital twins. Big data-driven
technologies process and analyze extensive data gathered from sensory sensors that monitor physical
assets, facilitating digital twinning. Blockchain technology, a developing and facilitating innovation, aims to
provide monitoring services for digital twins, resulting in improved security, transparency, reliability, and
immutability [63].

Recent developments in digital twins and 6G mobile networks have facilitated the IIoT. A variety of
edge intelligence applications, including intelligent transportation and smart cities, are expected to provide
high-quality services to users within the IIoT framework. Data processing utilizing AI algorithms underpins
the delivery of intelligent services within the IIoT architecture [64]. Notwithstanding these facilitating
technologies and recent advancements, the divergence between the results of data analysis and the accurate
depiction of the condition of their physical systems continues to provide a considerable challenge in the
formulation of resilient control algorithms for the physical systems. Within this framework, the digital
twin paradigm appears as a highly promising technology for 6G networks, facilitating near instantaneous
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wireless connectivity and exceptionally stable communication. Enabled by digital twins, 6G networks
may connect physical systems with the digital realm in real time to achieve resilient edge intelligence in
IIoT [65]. Federated learning parameters are documented on the blockchain rather than the parameter
server, considerably augmenting parameter security and strengthening the trustworthiness of user models.

4 Security Challenges in Blockchain Wireless Communication
The adoption of wireless communication technologies in healthcare has brought about significant

benefits, such as improved patient monitoring, remote patient care, and enhanced operational efficiency.
However, the increased reliance on wireless networks and connected medical devices has also introduced a
new set of security challenges that must be addressed. These challenges include:

1. Data Privacy and Integrity: Healthcare data are sensitive in nature (patient records, diagnostic infor-
mation, and biometrics), which needs stronger security to not let unauthorized personnel sneak into
the system.

2. Device and Network Security: Wireless medical devices and their networks are exposed to a variety of
cyber threats (eavesdropping, man-in-the-middle attacks, and device hijacking), jeopardizing patient
safety as well as data confidentiality.

3. Interoperability and Standardization: Non-standardized security protocols and the inability for devices
to effectively interoperate can leave a number of open doors from which sensitive data could be stolen
in transit or interfere with the seamless exchange of said information.

To ensure the security of these transactions, countermeasures have been applied in terms of
traditional ones (i.e., encryption and access control) with their limited capacity to maintain integrity
over centralized approaches that are pushed for halving emergent technologies such as blockchain.

4.1 Role of Blockchain in Securing Next-Gen Wireless Healthcare
Decentralization, transparency and immutability of the blockchain make it a potential solution to solve

different security issues related to next-generation wireless healthcare [66] Their reference to the advantages
of blockchain in securing wireless healthcare are related as follows: Benefits of Blockchain for Wireless
Healthcare

1. Decentralized Data Management: A blockchain-based system allows the storage and management of
healthcare data on a decentralized network, reducing single-point failure risk as well as modulating
security against cyber threats.

2. Secure Data Transmission: Blockchain’s cryptographic mechanisms (e.g., hashing and digital signatures)
can preserve the integrity and confidentiality of data communication over a wireless connection,
preventing unauthorized access and tampering with it.

3. Tamper-Proof Auditing: The immutability of blockchain provides an auditable, transparent, and
tamper-resistant record for healthcare data exchanges, enabling traceability of the source and ensur-
ing accountability.

4. Patient Empowerment: Blockchain-based systems, being the key to the achievement of patient empow-
erment, enable patients to gain better control over their health data and share this information privately
and securely with healthcare providers, as well as be an active part of the data exchange protocol.
Additionally, blockchain integration into next-gen wireless healthcare may promise its overall security,
but combined with other emerging technologies, the application of blockchain can foster its security
and quality. Table 4 represents the different IoHT International Projects and Grants funded by different
international agencies in healthcare.
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Table 4: Definition of acronyms and notations.

Acronym
Notations Definition Acronym

Notations Definition

AI Artificial Intelligence AR Augmented Reality

APIs (Application Programming
Interface) BCI Brain-Computer Interface

DSM Cyber Physical Systems DSA Dynamic Spectrum Access

EHR Electronic Health Record HIPPA Health Insurance Portability
and Accountability Act

IoHT (Internet of Healthcare Things IIoT Industrial Internet of Things
IoT Internet of Things IoMT Internet of Medical Things

LoRA Long Range LSA Long Term Evolution
ML Machine Learning NFC Near Field Communication
PLS Physical Layer Security SSI self sovereign identity

SAS Spectrum Access System 6G Sixth Generation Wireless
Technology

4.2 Synergistic Integration of Emerging Technologies
To address the complex security challenges in next-generation wireless healthcare, a synergistic inte-

gration of blockchain with other emerging technologies is crucial [67]. A roadmap for secure wireless
healthcare must integrate legal and ethical considerations alongside technical solutions. Key priorities
include ensuring compliance with data protection laws such as HIPAA and GDPR, clarifying data ownership
and liability in blockchain-enabled systems, and establishing enforceable guidelines for smart contracts.
Ethically, frameworks for transparent consent management and equitable access should be embedded to
protect patient autonomy and prevent disparities in care. Finally, adaptive governance models—such as
regulatory sandboxes and ethics committees—can provide ongoing oversight as technologies and healthcare
practices evolve. Some key technologies that can be co-opted with blockchain include:

1. Federated Learning: Federated learning enables collaborative model training without the need to
share sensitive patient data, mitigating privacy concerns and enhancing the security of AI-driven
healthcare applications

2. IoT and Edge Computing: Merging blockchain with IoT devices and edge computing can establish
a firm, decentralized base for the acquisition of data from wireless medical equipment that is used
in healthcare.

3. Homomorphic Encryption: Homomorphic encryption allows data to be processed while still in
encrypted form, which has given a new way of secure sharing and analysis in healthcare.

4. Quantum-Resistant Cryptography: As quantum computing advances, the integration of quantum-
resistant cryptographic algorithms can future-proof blockchain-based healthcare systems against
emerging threats.

By leveraging the synergies between blockchain and these complementary technologies, we can create
a robust and secure ecosystem for next-generation wireless healthcare, addressing the critical security
challenges and paving the way for a more patient-centric, equitable, and sustainable healthcare system.
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5 Conclusion
This paper has addressed the significant role of blockchain and new technologies in safeguarding

next-generation wireless healthcare systems. Blockchain offers a potential opportunity for safeguarding the
confidentiality, integrity, and availability of sensitive patient data by addressing the challenges of data privacy,
security, and interoperability. The amalgamation of blockchain with developing technologies, including edge
computing, IoT, and AI, can significantly strengthen the security and efficacy of wireless healthcare networks.
Edge computing may minimize latency and enhance data processing speeds, whereas IoT equipment can
facilitate real-time monitoring and data acquisition. AI can be employed for data analysis, anomaly detection,
and predictive maintenance. The integration of blockchain and new technologies offers a viable pathway for
enhancing the security and dependability of wireless healthcare systems. Utilizing these technologies, we can
establish a more secure, efficient, and patient-centric healthcare environment.

Future research should prioritize enhancing the scalability and interoperability of blockchain networks
within the healthcare ecosystem. While current blockchain solutions offer robust security, their ability to
handle the immense volume of real-time data generated by ubiquitous wireless IoMT devices and diverse
healthcare providers remains a challenge. Investigating advanced consensus mechanisms, sharding, and off-
chain solutions will be crucial to ensure seamless and efficient data transmission. Furthermore, pursue a
simulation-based model to empirically validate the proposed architecture; developing standardized protocols
and APIs for integrating blockchain with legacy healthcare systems is paramount to fostering true interoper-
ability, enabling a holistic view of patient data across disparate institutions. Another critical direction involves
exploring the synergistic combination of blockchain with machine learning (ML). This fusion can facilitate
intelligent data analysis on secure, immutable records for predictive diagnostics, personalized treatment
plans, and drug discovery, all while maintaining patient privacy through techniques like federated learning.
Research is also needed to define clear regulatory frameworks and ethical guidelines for the deployment of
these technologies in healthcare, addressing concerns around data ownership, consent management, and the
legal implications of automated smart contracts in clinical settings. Finally, the development of user-friendly
interfaces and robust user authentication methods for both patients and healthcare professionals will be vital
for widespread adoption, ensuring that the enhanced security and efficiency offered by these technologies
are accessible and intuitively integrated into daily healthcare practices.
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