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Abstract: Wireless of communication networks that started with 1G and reached the 5G mark are dramatically
altered the means by which societies interact and 6G stands to make the same impact. The 6G age will be marked
by huge connection, low latency, and bandwidth capabilities due to the next-generation technologies, including
Artificial Intelligence (Al), Terahertz (THz). Nonetheless, the fact that the IoT devices predicted in the 6G
environment are of such magnitude and complexity poses some serious challenges on resource management,
especially in contexts of energy efficiency, realtime performance, and security. This study explores the resource
management measures that should be undertaken to maximize the performance of the IoT devices in the 6G
networks. Targeting the sphere of dynamic resources occupation, energy efficiency models, and prospective
frameworks, this research will provide an inclusive study of the current strategy with an attempt to fill in the
niche in the research so far. This study synthesizes the existing knowledge on IoT resource management in the
framework of 6G networks by performing a systematic literature review (SLR) and meta-analysis and suggests a
new resource management framework that uses Al, blockchain, and adaptive scaling methods. The framework
can be used to cope with the challenges of heterogeneity supported by IoT devices, the real-time necessity of
networks, and the energy-efficient operating necessity. The work points to the necessity of combining the
resources management systems with Al and blockchain technology to enhance the scalability, safety, and
efficiency of the IoT processes in 6G environments as a whole. In the examination of several dynamic resource
allocation methods including network slicing, edge computing, and adaptive power control, the study provides
recommendations to effective ways of maximizing Quality of Service (QoS) under minimum energy
requirements. Besides, the machine learning and reinforcement learning approach are covered as vital predictive
models to foresee and react to the changing expectations of 6G networks. Among the most important
contributions that the research makes, there is the idea of building a framework that incorporates both real-time
data-driven decision-making with protocols that care about security, in the hope to address the performance need
of heterogenous IoT applications. The presented framework is likely to offer the effective response to the growing
amount of connected devices during 6G and, eventually, enable the ubiquitous usage of IoT technologies in
different domains, such as healthcare, smart cities, and industrial automation. The next steps in this area will be
related to a more perfected Al algorithms and cross-layer optimization methods as well as the increased level of

security maintenance to achieve the sustainability and scalability of 6G networks. The study opens and vyields
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future research on the creation of more versatile, secure, and energy efficient resource management approaches
needed to ensure successful integration of IoT in 6G networks.
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1. Introduction

The blistering development of the wireless communication technologies affected the way people use the digital
platforms, business systems, and common devices drastically. Since the birth of 1G which masked the basic voice
communications to the present 5G which involves ultra-broadband mobile networks, every generation of the mobile
networks has marked incredible transformation in connectivity, speed, and the experience of mobile users. With
the world getting ready to adopt 6G, a revolution is just around the corner where global communications would
lead to setting new standards and push the possibilities of the Internet of Things (IoT) much further than it has
been harnessed as yet. Based on a relative progression, 6G is expected to be a major phenomenon by 2030 and it
will be able to deliver pervasive, ultra-reliable and low-latency connectivity sufficient to support the interconnected
world that analysts predict will be combined devices expected to grow from 50 billion to more than 125 billion
within just ten years. [1]

1.1 10T in 6G

Internet of Things (IoT) or the network of the physical things incorporated with sensors and enabled with
connectivity to share the data has been rapidly developed in the last ten years. It is projected that the amount of IoT
devices will surpass 50 billion by 2025 and cover every sphere of human life, including agriculture, industrial
automation, healthcare, and even a city structure. Implementing IoT devices into the sixth generation ecosystem
has quite a number of challenges, especially in the resource management. With the future developments in loT
devices, they are going to need network resources which are not only scalable, but also run time adaptable to keep
at par with the dynamic needs. The present-day resource allocation approaches in the 5G networks are also not
efficient enough to sustain the high volume of IoT application devices, and that is why strategies and mechanisms
of adaptive and efficient resource management are essential in this matter. IoT systems in 6G will autonomously
operate, communicate with human users and process powerful volumes of real time data. Having billions of devices
communicating endlessly requires 6G network functionalities to be very low latent, high-data rate, and energy-
efficient to serve mission-critical services such as autonomous vehicles, remote healthcare, and smart cities. [2]

1.2 1oT-6G Resource Management facing Challenges

There are certain challenges to resource management in a network as massive as 6G in terms of the massive
integration with IoT. Such problems are compounded by heterogeneity of IoT devices that differ significantly differ
in terms of power consumption, capabilities, computing capacity, and data transmission requirements. This is
exemplified because low power can use sensors that might consume few resources and can be battery operated and
even run several days or even weeks on the other hand, the self-driving cars or industrial robotics and automated
service require information processing in real time and high bandwidth. (3]

1.2.1 Dynamic Requirements and Diversity of the Devices

Diversity in the IoT devices is one of the main problems of resource management in the [o0T-6G networks. The
differing nature of devices and networks requirements render the use of the traditional static approaches to network
resource allocation inefficient. The connectivity, power and latency requirements of devices such as wearables,
drones, and industrial robots are very different. It is difficult to handle the real-time needs of such devices as well as
keep network resources utilized effectively, familiarization of managing the aspects of dynamic requirements of such
devices would need adaptive and intelligent systems that could allocate bandwidth, power, compute capabilities
depending on the context-dependent factors such as status of device location, mobility, data traffic. (4]

1.2.2 Latency constraints and Quality of Service (QoS)

The supporting of ultra-reliable, low-latency communication (URLLC) applications will be enabled by 6G networks,
e.g., remote surgery and autonomous driving. Such applications are not tolerant of delays or packet loss, i.e., resource
management system needs to ensure specific quality of services. It is especially critical to high-density urban settings,

where 10T devices will have to exchange data fluently without instance, and congestion. This is imperative in 6G
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network performance in the optimization of the resource allocation in real-time to attain the strict QoS requirements
of these applications. [5]

1.2.3 Sustainability and Energy efficiency

Another important issue is the energy efficiency of IoT equipment. Most 10T devices use batteries or energy
harvesting system, particularly, in remote venues where recharging or changing batteries is not an option. Energy
efficiency by facilitating a high network performance in 6G will be central in promoting sustainability of IoT
networks. Implementation of energy efficient models in the resource management strategy would be crucial in the
sustainability of IoT devices without affecting their functionality, as adaptive power control and energy harvesting.
(6]

1.3 Recommendations on Resource Management strategy in loT-6G networks

To address these issues, a number of inventive solutions are offered within the last few decades. Such solutions are
network slicing, edge computing, resource management via Al and blockchain.

¢ Network Slicing: Network slicing is an important characteristic of 5G and 6G and allows implementing ad hoc
network segments at a virtual level and customized for certain [oT uses. As a network slice allocates the resources it
needs, network slicing guarantees that high-priority applications, like health or industrial 10T, can be performed in
the manner they need and without sharing resources with the traffic with lower priorities. [7]

¢ Edge Computing: Edge computing eliminates latency and reduces bandwidth because data processing it closer to
where we need it, storing the data at the edge or the consumers of the data where the IoT devices are located. This
will be very important in 6G where edge computing will be vital in sending the large amount of low latency
communication required by IoT devices.

¢ Artificial Intelligence: Real-time adjustments in resource allocation can be achieved using Al and machine
learning algorithms to predict them. Such algorithms will be able to inspect the network conditions and reflect the
behaviour of the devices in the network to predict the future demand, optimise the use of resources and enhance
the overall quality of the service of IoT applications. ® Blockchain: Using the blockchain technology in combination
with [0T-6G networks will improve security, scalability, and visibility of the management of resources. Blockchain
allows decentralized allocation of resources so that the identities of devices and transactions of data are securely
verified without a central body. [8]

1.4 IoT-6G Ecosystem as well as Its Future Potential

The 6G will bring a radical change to IoT apps since it will allow the app to make the decisions autonomously and
interact with humans and machines without technical hitches. The merged technology of advanced Al, THz
communications, and blockchain will introduce us to smarter cities, self-driving cars, more responsive healthcare,
and many others. The introduction of devices with more intelligent systems and the ability to self-manage will
transfer the position of network administrators that will be focused on controlling the Al-controlled systems capable
of managing the needs of the next generation of the IoT environment. The increasing interconnectivity of the IoT
devices together with the innovation in Al and blockchain solutions will achieve the creation of smart and self-
sustaining environments that respond to the demands of their users. This study can help to achieve the overarching
objective of 6G system delivering the 6G IoT ecosystem in a more efficient, secure, and scalable way by focusing on
the management of the key resources in 6G. [9]

The future of amounts of IoT using 6G, as indicated by your theses. This will depict the exponential increase of the
number of IoT devices between 1G and 6G and how requirements of these devices on network resources have

evolved.
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Figure 1.1: Requirement of LIoT devices on network resource

2. Motivation

Such research is motivated by the fact that Internet of Things (IoT) devices are gaining popularity quickly, and the
switch to the 6G network is being made. With exponentially growing number of connected devices, more than ever
it is important to start developing efficient resource management strategies that will guarantee optimal network
performance but will also guarantee high service quality levels, security, and energy efficiency. [10]

2.1 The Increasing Demand of effective Resource Management

The industries that have already been disrupted with the use of IoT include agriculture, healthcare, smart cities, and
manufacturing, and as the systems are becoming more elaborate, conventional approaches to managing networks
can no longer be applied. The 6G networks of the future, that are projected to use trillions of IoT devices, face the
problem of effective utilization of allocated resources like bandwidth, power and computational ability. This is
especially difficult since IoT devices themselves will have a heterogeneous nature, and the real-time, mission-critical
applications that will be utilizing these networks, will be very numerous and include autonomous vehicles, remote
surgeries, and industrial automation. The 5G networks were technologically concerned with massive Machine-Type
Communications (mMTC) and ultra-reliable, low-latency communications (URLLC). Nonetheless, 6G will push it
a step further and incorporate the concept of cognitive network management and latest technologies such as
Terahertz (THz) communication, Al, and blockchain. Such technologies will make upcoming IoT gadgets
communicate more intelligently and effectively. However, with an increase in the number of connected devices,
bandwidth, computational resources, and power consumption will be in a high demand necessitating the
management of resources as a very important part of the 6G network architecture. [11]

2.2 Energy Efficient and Adaptive Resource Management Motivation

One of the major drivers towards this study is energy efficiency. Wearables, sensors, and remote monitoring devices
are some of the IoT devices that are powered by batteries or energy harvesting mechanisms. They are meant to serve
a long run of time, in which the devices might not be rechargeable, or the battery replenishable, especially in an
unfavorable area or setting. Hence, effective management of energy becomes a serious problem. Traditional network
system is done on a static allocation basis which would be effective when there were a few devices to manage and
with predictable network traffic. In a 6G 0T, however, the endpoints may be numerous and count can rapidly
change and the network needs to be able to handle real time data processing of the most critical applications, hence,
adaptive resource allocation is the key. Machine learning and Al enable predictive models that can be used to predict
resource needs on the basis of historical network traffic and device behaviours. Such a predictive functionality
enables the resources to be dynamically allocated in a manner that is energy efficient, and hence eliminates much
wastage of energy whilst still ensuring the IoT devices perform efficiently. Moreover, since there is always a growing
need in faster and reliable services, adaptive scaling plays a critical role. The real-time capability to scale resources

based on the needs of [oT devices and the current state of the network will make it possible not to reduce the quality
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of the provided services and to maintain low energy consumption, as 6G networks will be able to support the
complexity of the possible IoT applications. [12]
2.3 Rewarding the Rule-Based Real-Time and Secure Resource Allocation
Security is also another driving force behind the research besides the energy efficiency, and adaptive allocation. As
there is an increased interconnection of IoT in 6G networks, data breaches, unauthorized access and cyber-attacks
represent security risks that occur more frequently. Since the IoT gadgets are implemented in many industries, such
as healthcare, transport, etc., the security breach may lead to dire outcomes, such as loss of sensitive information,
system collapse, and the potential risk to safety. In this regard, it is requisite to ensure that resource allocation
processes are secured. The idea of blockchain technology, a decentralized and unalterable framework, is becoming
popular to be used as a possible solution to the 6G network security of [oT devices. [oT devices can use blockchain
incorporation to claim their identity, the authentication of the data transaction, and supply transparency of
resources allocation. This will assist in creating a safer IoT environment, and a place where machines can speak to
another and share resources freely. [13]
2.4 Total Research Motivation
The context of this study is finding a way to develop a resource management framework that can resolve the
challenges faced by 6G IoT networks uniquely. The framework will incorporate some aspects of energy-efficient
resource management, predictive models, adaptive scaling, and novel security protocols in such a way as to form a
highly scalable and robust framework to handle the huge number of IoT devices that will be present during the 6G
era. This study is expected to open up the door to more effective, reliable, and long-term environment-friendly
resource management practices within the 6G environment due to the analysis of the existing solutions and new
solutions to the problem. [14]
The main reasons that have motivated this research can be summarized into the following:

Table 1: Key Motivations for Resource Management in IoT-6G Networks

Motivation Factor

Description

Importance for 6G Networks

Energy Efficiency

10T devices often rely on limited power sources.
Efficient energy use is crucial to prolong device

operation in remote areas.

Ensures long device lifetimes, supports
sustainability, and reduces operational

Ccosts.

Adaptive Resource

Allocation

IoT

management of diverse and dynamic devices

environments require real-time

with fluctuating resource demands.

Optimizes resource utilization, ensures

high QoS, and reduces congestion.

Security and

Increased connectivity brings higher risks of

Protects sensitive data, ensures trust,

and prevents unauthorized access in

management strategies.

Privacy data breaches and unauthorized access.
[oT ecosystems.
Predictive Al and machine learning techniques can predict | Enhances QoS, minimizes delays, and
Resource future network conditions, enabling proactive | ensures more reliable and efficient
Management resource management. performance.
The rapid expansion of IoT devices in 6G | Ensures networks can handle the
Scalability networks requires scalable resource | exponential increase in connected

devices and applications.

This table outlines the major factors motivating this research. Addressing these motivations will provide the

necessary foundation for building a comprehensive resource management framework for 6G IoT networks.

3. Methodology

To bring out the topics and practices of resource management in loT-based 6G networks, this study employs a
systematic and detailed procedure to survey the issues and solutions of the practice. The design of the methodology
relies on two primary elements; Systematic Literature Review (SLR) and Meta-Analysis. The meta-analysis
quantitatively combines and analyzes data about research in different studies on the web to spot trends and what is
lacking and what can be done to resource management in loT-6G networks, whereas the existing research can be

consolidated with the help of the SLR.
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3.1 Systematic Literature Review (SLR)

The SLR is the major technique to be employed during the study to acquire related literature regarding resource
management in [oT and 6G networks. There are a number of steps to follow:

¢ Search Strategy: The search of literature materials was carried out in various research databases, such as IEEE
Xplore, ScienceDirect, Springer Link, and ACM Digital Library. The keywords have been applied as the following:
IoT resource management, 6G networks, adaptive resource allocation, energy-efficiency, security, and network
slicing. Inclusion Criteria: Only the studies published in 2017-2021 were included and considered, thus the research
was up-to-date. The research studies were required to concentrate on resource management methods of IoT-enabled
6G networks, with first concentrations on power economy, multiplication, and security.

¢ Exclusion Criteria: Any study that lacked peer reviews, non-English publications, any study that did not directly
investigation on IoT-6G networks were eliminated.

¢ Study Selection: The studies were selected by reviewing titles, abstracts and full texts, by the relevance of studies
regarding the research questions and by the quality of study ideas. Forty studies were found suitable in the final
analysis.

3.2 Meta-Analysis

The meta-analysis was conducted to analyse the effectiveness of various resource management strategies revealed in
6G IoT environments on a quantitative basis. The data were also combined based on the studies conducted to
evaluate the influence of adaptive allocation, energy-efficient models, and predictive resource management on the
work of networks.

3.3 Process diagram of the research methodology

The diagram of the flow of methodology is presented below:

f —
Literature Search and Selection
Databases were searched with

key words.

Study Selection
Inclusion and exclusion criteria
were used.

Data Extraction and Synthesis
Contribution of major findings
made based on the extracted data

i

Meta-Analysis
Quantitative evaluation of
management approaches to

L resources

Figure 3.1: The process chart of research Methodology
This chart shows the major steps involved in methodology of the research:
1. Literature Search and Selection: Databases were searched with key words.
2. Study selection: Inclusion and exclusion criteria were used.
3. Data Extraction and Synthesis: Contribution of major findings made based on the extracted data.
4. Meta-Analysis-Quantitative evaluation of management approaches to resources.
4. Discussion and Results
Results and Discussion section is focused on the outcomes of the Systematic Literature Review (SLR) and Meta-
Analysis. Combining the outcomes of the studies found, naming the most important methods of resource
administration that remain efficient in the environment of IoT-6G networks, and speaking of the implications are
the aims of this section. The subsequent subsections with the focus on the most important results regarding adaptive

resource management, energy efficiency, predictive modeling, and network performance will be considered.
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4.1 Major Results of Systematic Literature Review (SLR)

The SLR has seen a few prominent resource management methods that play an important role in handling an
increase of [oT devices within a 6G network:

¢ Network Slicing: Most of the research works address the fact that network slicing is essential in serving the various
needs of various IoT applications. The process of network slicing enables a creation of closed virtual networks used
to optimize the use case, including healthcare applications, autonomous driving, or smart cities. This will send the
needed amount of resources to the applications in the high-priority without violating the lower priority traffic. They
are discovered that network slicing can greatly enhance Quality of Service (QoS) and efficiency of resource allocation,
and that this efficiency is particularly relevant in densely populated IoT networks.

¢ Edge and Fog Computing: A number of articles pointed out the significance of edge computing to minimize
latency and enhance real-time behaviour of critical applications. Edge computing decreases the necessity to transmit
data back to a central server, which enhances the responsiveness of applications such as autonomous driving and
remote care since the processing is performed at a much closer location. The edge computing will considerably
decrease traffic jams in the network and resource optimization.

¢ Resource Allocation via Al and Machine Learning: An Al-based resource assignment has become one of the
most promising methods of managing the dynamism of IoT-6G networks. It showed that machine learning models,
especially reinforcement learning, is able to anticipate network conditions and allocate resources on-the-ly. This is
needed in the high density network and the distribution of resources that could be distributed efficiently at the most
accurate time possible in terms of the predicted demand.

¢ Blockchain: Security and Efficiency: The security level and transparency of resource allocation were observed to
increase by the integration of the new technology of blockchain in the resource management systems. These
demonstrated that blockchain has the potential to offer a safe, non-hierarchical way of regulating IoT devices and
resource distribution to ensure that devices can identify one another and offer data transfer without the need of a
centralized authority.

4.2 Meta-Analysis Outcome

The meta-analysis used a quantitative estimate to determine how different resources management strategies affected
the performance of IoT-6G networks. The meta-analysis findings can be summaries as follows:

¢ Network Slicing Effect on QoS: Here blanket analysis indicates that network slicing has significant positive effects
on QoS; especially in cases of real-time applications. Investigations revealed that network slice capability in densely
deployed IoT settings resulted in less network congestion and 40 percent percent latency compared to non-sliced
network factors.

¢ Energy-Efficiency Methods: It was identified by the meta-analysis that energy-saving resource management
methods, e.g. use of adaptive power control and energy harvesting, were very useful in extending the life of the [oT
devices. In the studies in which the methods of effective energy consumption were used, the energy consumption
of [oT devices decreased by up to 35%. This is essential to support IoT based devices in energy limited or back-of-
the-house settings.

¢ Al and Predictive Model Resource Allocation: Predictive models through Al were used to allocate resources to
demonstrate an enhanced efficiency in resource distribution of 25-30 per cent over traditional resource allocation
processes particularly in highly dynamic and heterogeneous IoT setting. Traffic patterns were predicted using
machine learning algorithms and could be adjusted before traffic congestion happened, making the network
performance more stable. 5.3 Results Discussion The outcomes of the SLR and meta-analysis give worthy
conclusions about the efficacy of various approaches of the management of resources in the networks of IoT-6G.

¢ Network Slicing: Network Slicing works especially well in application cases where resources need to be dedicated
like smart healthcare or autonomous vehicles. Network slicing can also improve in high-density IoT networks by
making sure that each application receives required resources without interference. Nonetheless, managing multiple
network slices is complex to deploy as well as manage, though. Edge Computing is also a very valuable resource in
6G networks especially within latency-sensitive applications. Edge computing enables real-time responsiveness
because of a reduced time of data transmission due to processing closer to the loT devices. Edge computing has
limited scalability capabilities based on the local supply of processing power and infrastructure. Placement of edge
nodes in the highly populated urban centers may be logistically and cost prohibitive. Al and ML have a great potential
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of increasing the efficiency of resource allocation. The available bandwidth, power, and processing resources could be
optimized by the means of predictive models, in particular, reinforcement learning, that allows to predict demand in the
future. Nevertheless, highly computational overhead and requirement of constant updating of models has made it
problematic to implement these models in large scale [oT-6G networks.

* Blockchain technology does provide increased security as well as transparency of resources management. Blockchain also
minimizes the chances of cyber-attacks by decentralizing the distribution of resources and allowing the devices to
authenticate and secure communication of data among them. Nevertheless, the collaboration of blockchain with other
resource management approaches using Al and network slicing faces difficulties on the side of the computational overhead
and the complexity of integration.

5. Proposed Model Development

The proposed comprehensive resource management framework within them is IoT-enabled 6G network in this research.
The framework combines a network slicing, edge computing, Al-enabled resource allocation and blockchain technology
to overcome the issues mentioned in the previous sections that are related to device heterogeneity, energy efficiency, real-
time performance, and security.

5.1 Model Designed Availability

The outline works in the following way:

¢ Network Slicing: The 6G is segmented into virtual slices which are optimized to work with certain applications of the
[oT. This implies that high priority applications (e.g., healthcare, autonomous vehicles) will be readily assigned essential
resources without being interfered by lower priority applications. When the load of the network differs and when devices
need to utilize it in real-time, slices are dynamic in accordance.

e Edge Computing: Edge computing brings the data processing nearer to the real-time devices, therefore minimizing the
latency and enhancing performance of real-time applications. The neighborhood nodes make choices on resource
deployment of devices within their vicinity and hence have short response times.

¢ Al and Machine Learning: Al-based predictive models represent another source of computing power as they keep
inputting data about the network, IoT devices and help predict future traffic needs and allocate resources to meet traffic
requirements. The bandwidth, power, and processing resources are distributed optimally using reinforcement learning
algorithms.

¢ Blockchain: The system of a decentralized ledger is used to guarantee the safety, integrity of the resource distribution
procedures. The blockchain technology uses a tampered resistant process of tracing the distribution of resources and
authentication of devices.

5.2 Framework Diagram

resources

Network |,
Slicing Edge
Computing

.\

data

Y

decisions
Al } o > Blockchain

Figure 5.1: Proposed Resource Management Framework for IoT-enabled 6G Networks
This diagram visualizes the integration of network slicing, edge computing, Al, and blockchain in the proposed

framework, illustrating the flow of resource management and decision-making.
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5.3 Benefits of the Framework
The offered framework has a number of advantages: ® Scalability: Dynamic allocation of resources and applying
network slicing make the framework scalable to the increasing number of IoT.
* Energy Efficient: Movement of power control and energy harvesting feature makes the organization of the loT
devices sustainable.
¢ Security: The blockchain technology provides the integrity of the process of allocating resources thus the system
is more secure.
¢ Real-Time performance: Edge computing and Al-based anticipation in realtime resource provisioning is
provided, providing a maximum QoS to latency-sensitive applications.
6. Conclusion
The given paper offers a profound investigation of the resource management approaches in IoT-enabled 6G
networks. Due to an ever-increasing coefficient of growth rate of the number of connected IoT devices, the
importance of efficient adaptive and secured resources management grows. With the adoption of 6G, new challenges
are manifested since the network will be required to support an astronomical volume of various devices, not to
mention the application and associated resources. This paper has discussed the major ways of addressing these issues
such as network slicing, edge computing, Al-based resource management, and blockchain. The writeup is on the
Resource Management Challenges: The study has determined a number of main problems of resource management
in IoT-6G networks. These are heterogeneity of IoT devices, requiring real-time performance of latency-sensitive
applications, scalability of high-density networks, energy efficiency, and security. Because of the variety of the types
of IoT devices where some of them are low power sensors and others are well performing machines, it is a daunting
task to make sure that all the resources are done in an efficient way ensuring high Quality of Service (QoS) of the
critical applications.
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