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Chapter 12

Cybersecurity Challenges and Pitfalls
in 6G Networks

By Aristeidis Farao, Vaios Bolgouras, Apostolis Zarras
and Christos Xenakis

The transition from 5G to 6G networks aims to improve connection speeds and
intelligence levels. 6G is expected to support machine-type communications and
ultra-reliable low-latency communications while enhancing mobile broadband ser-
vices by integrating cutting-edge technologies. These advancements can potentially
transform sectors, including healthcare and autonomous transportation systems;
however, they bring security challenges. The open, distributed, and user-centric
nature of 6G—marked by numerous connected devices, decentralized networks,
and complex interactions between systems—makes traditional centralized security
models inadequate. This shift introduces a broader attack surface with increased
vulnerability to threats like API exploitation, data privacy violations, intercep-
tion risks, and insider attacks. Applying blockchain and Self-Sovereign Identity
(SSI) technologies is a promising approach to addressing the security concerns
associated with 6G. These technologies provide decentralized and cryptograph-
ically secure systems that match the changing requirements of 6G. Blockchain
technology ensures immutability, transparency, and tamper-proof record-keeping
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268 Cybersecurity Challenges and Pitfalls in 6G Networks

across the network. Through smart contracts, it enforces security measures and
validates API communications while safeguarding data integrity among the dis-
tributed nodes of 6G. In parallel, SSI supports managing identities where users pos-
sess authority over their verified identities, ensuring privacy protection and secure
access control, diminishing the likelihood of identity theft or unauthorized access.
The combination of blockchain and SSI addresses security issues in 6G. Incor-
porating blockchain and smart contracts can minimize the risks associated with
API vulnerabilities. This integration allows only authorized users and devices to
interact with APIs, while SSI provides verifiable credentials that confirm users’
identities and prevent unauthorized access to APIs. Although the 6G distributed
architecture expands the attack surface, it can be protected using the blockchain’s
decentralized security enforcement mechanisms, where nodes can effectively verify
each other’s settings and activities. Moreover, the immutability feature provided by
blockchain and the selective disclosure capabilities offered by self-sovereign identity
help protect the privacy and integrity of data, ensuring that confidential informa-
tion remains secure even when there are risks of interception. This chapter explores
how blockchain and self-sovereign identity can tackle the security issues in 6G,
analyzing how these technologies can shape a secure 6G infrastructure.

12.1 Introduction

The advent of the 6G marks a significant leap forward in telecommunications,
promising to reshape how industries, devices, and individuals connect and com-
municate. Building on top of 5G, 6G aspires to offer ultra-high speeds, ultra-
low latency, and ubiquitous connectivity, driving the development of futuristic
applications (e.g., autonomous vehicles). At this transformation’s backbone lies a
sophisticated and user-friendly Service-Based Architecture (SBA), which is open,
distributed, and user-centric, enabling seamless integration of devices and services
into a unified network. The open and distributed nature of the 6G network repre-
sents a paradigm shift from the relatively centralized architecture of previous gen-
erations. While this shift benefits flexibility, scalability, and support for a vast array
of use cases, it also exposes the network to new cybersecurity threats. By increasing
interconnectivity among network functions, services, and third-party applications,
the 6G SBA amplifies the risk of vulnerabilities across various network layers. Par-
ticularly, 6G networks will rely on Application Programming Interfaces (APIs) to
enable communication between disparate services and functions, opening up more
potential attack vectors. Thus, misconfigured or insecure APIs may be gateways
for attackers, allowing unauthorized access to sensitive data and critical network
infrastructure. Works on 5G SBA have already demonstrated the vulnerability of
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APIs [1–3], a risk that is expected to grow as 6G becomes more complex and inter-
connected significantly [4].

Beyond the inherent API vulnerabilities, the openness of 6G also raises concerns
about data privacy and interception [5, 6]. In this new architecture, data flows
more freely between network nodes, users, and third-party service providers. With-
out robust encryption protocols and strict access controls, sensitive information
could be susceptible to interception by malicious actors through man-in-the-middle
(MitM) attacks or unauthorized access points [7]. As more entities access different
components of the 6G network, the potential for data breaches and privacy vio-
lations rises. Another critical challenge that 6G’s distributed nature introduces is
expanding the network’s attack surface. Unlike 4G and 5G, which rely on cen-
tralized core networks, 6G distributes core network functions across multiple edge
nodes, cloud environments, and virtualized infrastructure. This decentralization is
crucial for delivering low-latency services and optimizing network efficiency, but
it also creates numerous potential points of vulnerability [8, 9]. Each edge node,
cloud server, or virtualized function becomes a cyberattack target. One of the most
pressing threats in this environment is the risk of Distributed Denial of Service
(DDoS) attacks. In such attacks, malicious actors flood specific nodes or network
functions with excessive traffic, causing widespread disruptions or even complete
network outages.

Moreover, the distributed nature of the 6G SBA complicates the enforcement of
consistent security policies across the network. In centralized architectures, security
protocols could be more easily implemented and managed from a single location.
However, each node or service may require individual security configurations in a
distributed environment. The shift toward a user-centric model in 6G also intro-
duces novel security concerns. With 6G, users will gain unprecedented control
over network resources and services, customizing configurations and privacy set-
tings to suit their needs. While this empowers users and enhances the overall user
experience, it also increases the likelihood of misconfigurations. Improperly con-
figured network slices, insufficient security settings, or weak authentication prac-
tices can create significant vulnerabilities [10]. In addition, 6G will significantly
increase the amount of sensitive personal data being transmitted and processed
across the network, raising critical privacy concerns. As more industries adopt 6G
technology—particularly sectors like healthcare, finance, and transportation—user
data will include highly sensitive information, such as health records and financial
transactions. This data must be adequately protected from unauthorized access or
misuse, requiring the implementation of cutting-edge privacy-preserving technolo-
gies such as blockchain and Self-Sovereign-Identity (SSI). Balancing robust privacy
protections with the seamless user experience that 6G promises will significantly
challenge network designers and regulators.
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12.2 Security Constraints and Vulnerabilities in 6G SBA
Core Network

The security constraints and vulnerabilities of the 6G SBA core network are vast
and multifaceted. This stems from the shift toward a more open, distributed,
and user-centric architecture, which introduces numerous complexities and risks.
As 6G becomes more advanced and interconnected, the potential attack surface
expands significantly, creating opportunities for cyber threats to exploit weaknesses
in the system. In analyzing these challenges, examining how API vulnerabilities,
distributed architecture, data privacy, and user misconfigurations contribute to the
overall security risks facing 6G networks is crucial.

12.2.1 API Vulnerabilities

The development of 6G introduces significant advances in network architecture,
but with it comes an increased reliance on APIs [11], which presents opportu-
nities and security challenges. APIs are critical for enabling the open and dis-
tributed nature of 6G, allowing different services, applications, and network func-
tions to communicate seamlessly [12]. However, this openness also makes APIs
prime cyberattack targets [13].

API vulnerabilities can arise from weak authentication mechanisms, inadequate
encryption, or insecure communication channels. The consequences of API attacks
include but are not limited to data exposure, compromised authentication mecha-
nisms, and service interruptions [14]. In the context of 5G and beyond, works have
already revealed that insecure APIs have been a point of exploitation [1, 4, 15], and
with 6G, these vulnerabilities are expected to be even more pronounced [16, 17]. In
particular, as APIs will serve as interfaces within the network and with third-party
services, the security challenges multiply, necessitating stringent security protocols
at every layer. API attacks can take various forms, such as MitM attacks, where
an attacker intercepts data during transmission between services, or API injection
attacks, where malicious code is inserted into the API request to manipulate data or
compromise the system. These threats underscore the importance of implement-
ing robust encryption, authentication, and access control measures. End-to-end
encryption is essential to ensure that data transmitted through APIs is protected
from eavesdropping or tampering, while strong authentication mechanisms, such
as OAuth or mutual TLS, can help prevent unauthorized access. Moreover, API
vulnerabilities can become even more concerning in distributed network environ-
ments like those seen in 6G, where services are spread across multiple edge nodes
and cloud infrastructures. Each API call made between services represents a poten-
tial point of failure.
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Figure 12.1. Cybersecurity attack in API.

The following are the most common cybersecurity attacks that can exploit APIs
(see Figure 12.1) in 5G and beyond networks [4, 19]:

• MitM Attacks: the attacker intercepts the data transmitted between differ-
ent network components, such as between the core network and third-party
applications. This can lead to data breaches, manipulation of messages, or ses-
sion hijacking. In 5G and beyond networks, as APIs are more widely used for
communication between network slices, edge computing, and other services,
MitM attacks can be more prevalent without proper encryption.

• API Injection Attacks: an attacker inserts malicious data or code into API
requests, leading to unintended behavior or compromising network services.
With the growing complexity of APIs in 6G, particularly those managing real-
time data flows and edge computing services, injection attacks could lead to
critical infrastructure disruptions.

• DoS and DDoS Attacks: an API is overwhelmed with a large volume of
requests, causing it to slow down or crash, making the service unavailable
to legitimate users. In a DDoS attack, multiple compromised devices (e.g., a
botnet) are used to flood the API. Given that networks support many devices,
including IoT and edge devices, APIs are particularly vulnerable to DDoS
attacks that target the availability of network functions. Unprotected APIs can
serve as easy entry points for such attacks, leading to disruptions in service.

• Broken Authentication and Session Management: APIs often manage authen-
tication and session tokens to verify users and services. If attackers gain access
to session tokens due to insecure APIs, they can hijack user sessions, imper-
sonate legitimate users, and gain unauthorized access to sensitive network
services. Broken authentication can occur if APIs fail to manage user cre-
dentials and tokens securely or if session expiration is not handled properly.
Where there are diverse and distributed access points across devices, the risk
of broken authentication increases.

• Cross-Site Scripting (XSS): attackers inject malicious scripts into an API
response, which can then be executed in the user’s browser. In scenarios
where APIs serve web applications or user interfaces, an attacker can exploit
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vulnerabilities in API responses to inject malicious code. This can lead to ses-
sion hijacking, redirection to malicious websites, or stealing sensitive data.
XSS is especially dangerous when APIs are exposed to third-party services, a
common feature in 6G networks.

• Replay Attacks: an attacker intercepts valid API requests and resends them to
the server, attempting to replicate valid actions or requests. Without mecha-
nisms like timestamps or nonce (a random number used only once), replay
attacks can exploit API sessions, such as resubmitting a payment request or
gaining repeated access to services. Replay attacks can be especially danger-
ous in 6G environments where real-time data transfers, such as autonomous
vehicle communication, rely on API exchanges.

12.2.2 Distributed Architecture and Increased Attack Surface

The distributed architecture of 5G and 6G networks significantly widens the attack
surface, presenting new cybersecurity challenges [5]. 5G and 6G adopt a decentral-
ized approach where core network functions are distributed across various edge
nodes. This transformation introduces operational advantages like lower latency,
enhanced scalability, and more flexible service deployment. However, it also opens
up many potential entry points for cyberattacks. As each node, server, and API
becomes a critical network component, attackers have more opportunities to exploit
vulnerabilities, disrupt services, or steal data [20].

In 6G, where services are widely distributed across edge nodes and cloud envi-
ronments, a DDoS attack targeting a key node could cause significant disruptions
to critical network services. As 5G and 6G networks rely heavily on edge comput-
ing to deliver low-latency services, particularly for various applications [21] (e.g.,
autonomous driving), the impact of a DDoS attack could be devastating. By tar-
geting the edge, attackers can disrupt data flow between devices and the cloud,
degrade service performance, or cause complete service outages [22]. Moreover,
6G will further increase reliance on edge infrastructure, meaning that the attack
surface for DDoS attacks will continue to expand. It has already been emphasized
that 5G/6G networks need robust DDoS protection mechanisms, including AI-
driven traffic filtering, anomaly detection, and adaptive firewalls [23, 24]. These
technologies can help detect malicious traffic patterns early and mitigate the effects
of DDoS attacks. AI and machine learning can analyze network traffic in real time,
identifying anomalies that may indicate an ongoing attack [25, 26].

Moreover, the distributed edge computing environment, which brings network
services closer to the user, also increases the number of potential targets for attack-
ers. The more edge nodes that exist, the more points of vulnerability an attacker can
target [27]. Unlike a centralized system where security can be more easily managed,
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distributed architectures create a challenge in implementing and enforcing consis-
tent security policies across every node. Edge nodes may not have the same level
of security or processing power as centralized cloud systems, making them more
vulnerable to attacks. If an edge node is compromised, an attacker could access sen-
sitive data, disrupt services, or even infiltrate the broader network. Securing edge
nodes requires ensuring each node is properly configured, regularly updated, and
equipped with strong access control measures [28].

Implementing consistent security policies across a distributed architecture is a
significant challenge. In a 5G/6G network, different nodes and servers may be
owned or operated by different entities, each with its own security protocols. Ensur-
ing that security policies are enforced uniformly across these disparate infrastruc-
tures is crucial to maintaining the integrity of the overall network. This challenge is
compounded by the fact that 6G networks will support various services with vary-
ing security requirements [29]. Some services, like those handling sensitive data,
will require stringent security measures, including strong encryption, while others
may prioritize low-latency or high-throughput performance over security. There-
fore, orchestration tools are essential in ensuring that the right security policies
are applied to each part of the network, depending on the service it delivers [30].
Automated orchestration and management tools powered by AI can help address
this challenge by dynamically configuring and enforcing security policies across the
network. These tools can ensure that security measures such as encryption, authen-
tication, and access control are consistently applied across different network slices,
cloud environments, and edge nodes.

Finally, in 6G networks, many core network functions will be virtualized and
deployed as Virtualized Network Functions (also known as VNFs). On the one
hand, this approach offers greater flexibility and scalability; on the other hand,
it introduces new cybersecurity risks. Virtualization layers can become targets for
attackers who may attempt to compromise the hypervisor or exploit vulnerabilities
in VNFs to gain access to underlying network resources. This risk is particularly
pronounced in 6G, where VNFs are expected to handle increasingly complex tasks
(e.g., managing AI-driven services). Ensuring the security of VNFs requires robust
isolation mechanisms to prevent attackers from moving laterally within the network
and continuous monitoring for vulnerabilities at the virtualization layer [31].

12.2.3 Data Privacy and Interception Risks

In 5G and 6G networks, data privacy and interception risks are key concerns due
to the scale and complexity of the infrastructure. As mobile networks evolve to
accommodate a massive number of connected devices and the diverse services that
characterize 6G, ensuring the protection of user data becomes more challenging.
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The transition to SBA introduces new vulnerabilities and opens up various points
where sensitive data can be intercepted or exposed. These risks require comprehen-
sive security measures, as increased network nodes and distributed services magnify
the potential attack surface.

One of the primary privacy concerns in 6G networks is the sheer volume of
personal data transmitted and processed across the network [32]. As 6G enables
more advanced applications (e.g., autonomous vehicles), the data generated from
these services grows exponentially. Much of this data is personal or sensitive [33].
If improperly secured, malicious actors can intercept this data during transmis-
sion or be compromised at storage points across the network. In 6G, a distributed
architecture shifts much of the data processing to the network’s edge—closer to the
end-user devices [34]. While this reduces latency and enhances performance, it also
introduces more points of vulnerability. Each edge node becomes a potential target
for attackers looking to intercept data as it moves between devices and the core net-
work. In addition to edge nodes, network slices pose privacy risks if not properly
secured [35]. Network slicing allows operators to allocate virtualized resources to
different services or customers based on their needs, enabling faster, more tailored
service delivery. However, with multiple network slices running simultaneously,
each tailored for a specific use case, a security flaw in one slice could expose data
traversing the entire network. Attackers could potentially exploit vulnerabilities in
a low-security slice to gain access to more sensitive slices, compromising user data
or even intercepting critical information such as authentication credentials.

Beyond malicious attacks, data interception can also occur due to poorly imple-
mented security protocols or weak encryption standards. As more data flows across
diverse and distributed infrastructure, it is crucial that strong encryption protocols
are applied consistently [36]. Another layer of risk comes from quantum comput-
ing, which, although not yet widely available, could eventually break many of the
encryption algorithms currently in use. As 6G networks are expected to be opera-
tional well into the future, the post-quantum security of encryption methods must
be considered. Quantum computers could theoretically decrypt intercepted previ-
ously thought secure data, posing a significant future risk. The evolving nature of
6G networks also means that traditional identity and access management strategies
may not be sufficient to protect against data interception. As the number of devices
and users connecting to the network increases, ensuring that only authorized enti-
ties access data and services becomes more complex.

12.2.4 User Misconfiguration and Insider Threats

The introduction of 6G networks, with their advanced capabilities such as ultra-low
latency, high-speed data transfer, and massive connectivity, presents transformative
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potential for various industries. However, the complexity of these networks also cre-
ates numerous security vulnerabilities that must be addressed. While much atten-
tion is paid to external threats (see above), user misconfigurations and insider threats
remain significant and often underestimated risks. The aftermath of such a threat
includes but is not limited to unintentional data breaches. In the context of 6G,
the challenges posed by user misconfigurations and insider threats will likely grow.

The most common vulnerability in modern networks is human error, often mis-
configurations [37]. This risk is heightened in complex, decentralized networks like
6G because the architecture requires multi-layered configurations, each with its own
set of protocols and security mechanisms. Misconfigurations can occur when set-
tings related to network access, data encryption, or firewall rules are incorrectly
applied, inadvertently creating backdoors for cyberattacks [38–42]. In addition,
The SBA and network slicing inherent to 6G present additional risks. In SBA,
individual services are separated into microservices, each requiring its own config-
uration and security settings [43]. The entire network’s security posture may be
compromised if any of these services are misconfigured. Additionally, network slic-
ing, which allows for creating multiple virtual networks on top of a single physical
infrastructure, requires precise configuration to ensure each slice is properly isolated
and secure. A single misstep in the configuration process [43] can expose sensitive
data across different network slices or grant access to unauthorized entities, causing
potentially widespread damage. Cloud misconfigurations [44] account for 15% of
initial attack vectors in security breaches—the third most common initial attack
vector in breaches. On average, these types of data breaches take 186 days to iden-
tify and yet another 65 to deal with. Misconfigurations like this cost companies
around 3.86 million dollars in total costs [45]. Besides the unintentional miscon-
figurations, insider threats pose a serious risk to 6G networks. These occur when
individuals with authorized access to the network misuse their privileges, either
intentionally to cause harm or unintentionally through negligence [46]. The poten-
tial for insider threats is substantial in 6G, where millions of devices and users will
be connected. Insider threats are particularly dangerous because they often come
from trusted individuals with legitimate access to sensitive areas of the network,
making detection more difficult.

12.3 Candidate Technologies

At this point, we present the technological pillars that jointly can provide a robust
solution for the 6G network ecosystem. The proposed solutions have been designed
on the grounds of well-established technologies (i.e., Blockchain, Smart Contracts,
and SSI) with proven security properties.
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12.3.1 Blockchain

Blockchain [47] is a decentralized, distributed ledger technology that enables
secure, transparent, and immutable record-keeping of transactions across multiple
participants without the need for a central authority or intermediary. Blockchain
networks can be public, private, consortium, or hybrid. Public blockchains are
decentralized and open to anyone, with no central authority, where anyone can
participate in the consensus process. On the other hand, private blockchains are
restricted and governed by a single organization, making them more centralized
and suitable for enterprise use where control over participants is needed. Consor-
tium blockchains are semi-decentralized, where a group of organizations collec-
tively manage the blockchain, offering a balance between openness and control,
often used in industries like finance or supply chains. Finally, hybrid blockchains
combine elements of both public and private models, allowing certain data to be
publicly accessible while keeping sensitive information private, enabling flexibility
and control in specific use cases like healthcare or government services.

Blockchain’s security is underpinned by cryptographic techniques such as hash-
ing and digital signatures. Every participant on the blockchain network has a pair
of public and private keys used to sign and verify transactions. These digital signa-
tures ensure that only the rightful owner of a private key can authorize a transaction,
providing a robust form of authentication. In addition, blockchain networks rely
on consensus mechanisms [48] to validate transactions. These mechanisms ensure
that only legitimate transactions are added to the blockchain and that the network is
resilient to attacks. For 6G networks, which are expected to handle vast amounts of
data and devices, blockchain’s security features can help authenticate devices, secure
data exchanges, and ensure that communication between network nodes remains
tamper-proof. The consensus mechanism is the process by which blockchain net-
works agree on the ledger’s state. These mechanisms are critical to ensuring that the
blockchain remains decentralized and secure. Consensus mechanisms ensure that
all nodes in the network agree on the transactions being added to the blockchain,
thus maintaining the system’s integrity.

Blockchain [49] works by creating a chain of blocks, each containing a list of
transactions. Every block is cryptographically linked to the previous block, form-
ing an unalterable chain of records. This cryptographic linkage, combined with
the distributed nature of blockchain, provides enhanced security, transparency, and
trust. The most defining feature of blockchain is its decentralized nature. Unlike
traditional centralized databases that rely on a single entity to manage and vali-
date transactions, blockchain networks operate on a peer-to-peer basis. Each node
in the network maintains a copy of the entire blockchain, ensuring that the sys-
tem remains operational even if some nodes go offline or attempt to manipulate
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data. Decentralization removes the need for intermediaries, reducing costs and the
potential for manipulation or fraud. Another critical feature is the use of smart con-
tracts [47, 49]. These are self-executing contracts with the terms of the agreement
directly written into code. They automatically execute and enforce the contract’s
terms when predefined conditions are met. Smart contracts enable automation of
transactions and processes, reducing the need for intermediaries and enhancing
efficiency. In 6G networks, smart contracts could manage resource allocation, auto-
mate service provisioning, or enforce network security policies, providing real-time,
trustworthy execution without human intervention.

Another critical feature is immutability, which refers to the fact that once data is
recorded on the blockchain, it cannot be altered or deleted. This is achieved through
the use of cryptographic hashing. Each block in the chain contains a unique crypto-
graphic hash of the previous block, linking them together to ensure any attempt to
alter the data in a block would require changing all subsequent blocks. Such a task
would require controlling more than 50% of the network’s computing power [50]
This feature is critical for applications that require reliable and tamper-proof records
(e.g., supply chain management, where tracking the origin and authenticity of
products is mandatory). In 6G networks, immutability could be used to maintain
accurate logs of data exchanges, device authentication, or even service provisioning.
In addition, Blockchain promotes transparency by making all transaction data visi-
ble to every participant in the network. Each node maintains a complete copy of the
ledger, and the transactions are verified by the consensus of the network participants
before being added to the blockchain. While public blockchains are fully trans-
parent, where all transaction details are viewable, permissioned blockchains used
in enterprises can restrict access to certain information, allowing for a more con-
trolled form of transparency. This transparency builds trust between participants,
even when they do not know or fully trust one another. In telecommunications and
6G, blockchain can create a transparent environment for managing decentralized
resources, such as network slices, or for enabling seamless, trust-based interactions
between devices in IoT ecosystems.

12.3.2 Self-Sovereign-Identity

Self-Sovereign Identity [47], also known as SSI, is an example of a decentralized
identity management system. Thanks to this, individuals or organizations can take
ownership of and control their digital identities. As an additional benefit, SSI makes
it easier to engage in selective attribute disclosure, a method for minimizing the
disclosure of personal information. Additionally, it provides features that protect
users’ privacy, such as anonymity and the inability to be linked to an individual.
With SSI, no central authority keeps ownership of users’ data, which eliminates the
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Figure 12.2. SSI functionalities.

requirement to provide it to other people when they request it. The user is the one
that carries their data, and because of the encryption and distributed ledger technol-
ogy that underpins it, the user can make assertions about its identity, which other
entities can verify with cryptographic certainty. With the help of SSI, stakeholders
in the 6G networks can exchange verified data in a way that is both automated and
respectful of their privacy. This technique eliminates the need for manual data ver-
ification processes, which not only helps to prevent the disclosure of confidential
information but also saves time. SSI is built on the foundation of Verifiable Creden-
tials, also known as VCs. VCs were defined by the World Wide Web Consortium
(W3C) as tamper-evident credentials with authorship that can be cryptographically
confirmed [51]. This proposal was published as a formal recommendation. VCs
can enhance interoperability and selective disclosure of information pertaining to
its holders.

An issuer, a user, and a verifier are the three types of participants actively involved
in the SSI framework (see Figure 12.2). Two fundamental features constitute the
SSI: (i) the issuance of VC and (ii) the verification of VC. VC Issuance is the initial
functionality that allows the user to obtain a VC from the issuer while acting in the
holder’s role. VC consists of tamper-evident claims and information that provide
cryptographic proof of the authenticity of its issuer. Claims are statements a holder
makes, such as the holder’s birth year. Every VC is issued on the Decentralized Iden-
tifiers (DIDs) of its holder and issuer, serving as a public key within the blockchain
ecosystem. A DID is a globally unique identifier. It is made up of a string of let-
ters and numbers and is directly associated with a pair of public and secret keys
simultaneously. Using the private key, the holder can access and manage their data.
The holder is the only entity who should be aware of the private key, and its infor-
mation should never be disclosed to any other individual. Concerning DIDs, the
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private key enables holders to demonstrate ownership and authorize authorization
to share particular data. Blockchain, on the other hand, is a distributed ledger that
maintains the public key that is connected with the DID of the VC’s issuer public
key. This public key can be safely shared with anybody to send and receive data.
VCs that have been issued are stored in a secure manner in a digital identity wal-
let. This wallet is the location (for example, a mobile app) where holders maintain
their VCs [52]. It is not possible to host these just within cell phones; rather, certain
implementations permit their hosting within trusted computers.

The second functionality is VC Verification, in which the holder (acting as the
prover) must demonstrate to the verifier that he holds accurate attributes without
necessarily exposing the values included within those attributes. Establishing that
the corresponding user is, in fact, in control of the provided identity is how this
objective is accomplished through the utilization of zero-knowledge proofs. The
verifier must check the Blockchain to view the VC’s issuer (i.e., the DID of the
VC’s issuer) to validate the legitimacy of the venture capital. This can be done
without the need to contact the issuer. When presenting a VC, the prover has the
ability to choose which claims to reveal and which to keep hidden. An additional
benefit of SSI is that it can accomplish unlinkability because the user uses a unique
DID for each presentation.

12.4 Facing the Challenges

Blockchain and SSI technologies hold tremendous potential in addressing the
cybersecurity challenges faced by 6G networks. These next-generation networks
bring unprecedented speed, connectivity, and automation but also present new
vulnerabilities, including identity management, data privacy, and system integrity.
Security becomes an essential concern as 6G networks aim to create an open,
distributed, and user-centric environment. In this section, we will explore how
blockchain and SSI can be used to tackle the key cybersecurity challenges inher-
ent in the evolving landscape of 6G networks.

12.4.1 Addressing the API Vulnerabilities

API vulnerabilities have been a persistent security issue in modern networks and
are expected to pose even greater risks in 6G. APIs are essential communication
bridges between applications, devices, and services in highly interconnected and
distributed environments. As 6G networks introduce more open and decentralized
interfaces, poorly secured APIs could become prime targets for attackers, enabling
them to intercept sensitive data, manipulate services, or execute malicious code.
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On the one hand, Blockchain’s inherent decentralization and transparency can
significantly enhance the security of API interactions in 6G networks. By using a
distributed ledger, Blockchain can verify and record every API transaction, ensur-
ing that each interaction between devices or services is cryptographically signed and
time-stamped. This means that unauthorized modifications to API requests and
responses can be easily detected, as all interactions are recorded in an immutable
ledger accessible to network participants. Blockchain also offers the potential for
smart contract-based APIs. Smart contracts can enforce predefined rules and secu-
rity policies on API transactions. These contracts can automatically ensure that only
authorized devices, applications, and users can access certain APIs. This would elim-
inate many common API vulnerabilities, such as unauthorized access, excessive data
exposure, and parameter tampering, often exploited in traditional networks.

On the other hand, SSI is crucial in securing API access by providing a decentral-
ized approach to identity management. In an SSI model, users and devices control
their own cryptographically verified identities without needing a central authority.
In the context of APIs, SSI can ensure that only authenticated and authorized enti-
ties gain access to the network’s APIs. By integrating SSI, 6G networks can ensure
that each API request is associated with a verifiable, cryptographically secure iden-
tity. This eliminates the risk of unauthorized devices or users accessing sensitive
APIs, as each API request must be accompanied by verifiable credentials stored in
decentralized identity wallets. Furthermore, since users have complete control over
their identity data, the risk of identity theft or impersonation through compromised
API endpoints is minimized.

12.4.2 Securing Distributed Architecture and Mitigating
Increased Attack Surface

One of the defining characteristics of 6G networks is their distributed architecture,
which significantly expands the network’s attack surface. With numerous devices,
edge nodes, and services distributed across the network, traditional security models
that rely on centralized control are ineffective.

In a blockchain-based system, there is no single point of failure; instead, security
is enforced collectively by all participants in the network. This decentralized secu-
rity model is particularly effective in environments like 6G, where data and devices
are spread across multiple nodes. Each 6G device or edge node could participate in
the blockchain network, where security policies, configurations, and access controls
are transparently managed and enforced through consensus. Using Blockchain’s
peer-to-peer validation, network participants can collectively verify the authenticity
of each device, transaction, and service in real time, ensuring that no compromised
device can subvert the network’s integrity.
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In traditional networks, a central authority manages identity verification, which
becomes a bottleneck in decentralized environments. However, SSI can eliminate
this bottleneck by giving each user and device control over their own VCs, which
can be securely stored and shared without relying on a centralized authority. In 6G
networks, SSI enables decentralized authentication across all devices and nodes,
ensuring that only verified participants can access network resources and perform
transactions. As SSI credentials are cryptographically secure, they can be validated
by any party in the network, preventing unauthorized access. SSI also allows for
granular access control, where devices and users can selectively share specific cre-
dentials to gain access to particular services. This reduces the attack surface, as
entities only expose the minimal necessary information to perform a transaction,
making it harder for attackers to exploit the system.

12.4.3 Addressing Data Privacy and Interception Risks

Data privacy and interception risks are heightened in 6G networks due to the
sheer volume of sensitive data being transmitted across the network. In addition
to the potential for data breaches, there is the risk of eavesdropping, where attack-
ers intercept data as it moves between devices, edge nodes, or applications. Given
the reliance on edge computing and multi-access edge networks, data no longer
resides in centralized data centers but is processed closer to the user, increasing its
vulnerability to interception.

Blockchain’s immutability and encryption mechanisms offer strong guarantees
for ensuring the integrity and confidentiality of data in 6G networks. By recording
each data transaction in an immutable ledger, Blockchain ensures that any attempt
to modify or tamper with data is immediately detectable. This is particularly valu-
able in 6G environments where data might traverse multiple edge nodes before
reaching its final destination. Furthermore, Blockchain can facilitate data encryp-
tion, ensuring that only authorized entities can access the transmitted information.
Even if an attacker intercepts the data in transit, they cannot decrypt it without the
proper cryptographic keys, which are securely managed through blockchain-based
key distribution systems.

Next, one of the key features of SSI is its focus on data minimization and user
control over personal information. In an SSI framework, users can selectively share
only the necessary attributes required to perform a transaction, minimizing the risk
of data exposure. This feature is invaluable in the context of 6G networks, where
personal data is constantly being transmitted between devices, applications, and ser-
vices. SSI allows users to control what information is shared and with whom, using
cryptographically verifiable claims. This ensures that even if an attacker gains access
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to the transmitted data, they cannot infer sensitive information, as only minimal
and necessary data points would be revealed.

As 6G networks introduce unprecedented connectivity, speed, and decentral-
ization, they also bring cybersecurity challenges. Blockchain and SSI technologies
offer powerful solutions to address these issues by providing decentralized, crypto-
graphically secure frameworks for managing identities, securing data, and enforcing
security policies. Blockchain’s immutability, transparency, and distributed consen-
sus mechanisms make it an ideal solution for securing API interactions, enforc-
ing decentralized security policies, and maintaining data integrity in 6G networks.
Meanwhile, SSI empowers users and devices with control over their identities,
reducing the risk of unauthorized access and protecting personal data through selec-
tive disclosure and cryptographic proofs. Together, these technologies offer a robust,
decentralized security architecture that aligns with the distributed, open nature of
6G networks. By integrating Blockchain and SSI, 6G networks can become more
resilient, secure, and privacy-preserving, laying the foundation for a safer and more
trustworthy digital future.
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