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1. Introduction

The exponential growth of Internet of Things (1oT) devices and applications has placed immense demands on traditional cloud
computing infrastructures, particularly in terms of latency, bandwidth, and scalability. These limitations have necessitated a
paradigm shift toward decentralized computing models. Edge computing, which processes data near the source of generation
rather than relying entirely on distant cloud servers, has emerged as a promising solution to meet the real time demands of
modern sensor driven applications (Shi et al., 2016) 1. With the increasing complexity of applications such as autonomous
vehicles, smart healthcare, and industrial automation, the requirement for instantaneous data processing and minimal network
latency has never been more critical. This requirement, in tandem with the advent of next generation wireless networks
particularly 5G and the anticipated 6G has opened new horizons for enabling responsive, reliable, and intelligent sensor data
management systems (Taleb et al., 2017) [*81. The emergence of 5G technology is characterized by ultra low latency (as low as
1 millisecond), enhanced mobile broadband (eMBB), massive machine type communications (mMTC), and ultra reliable low
latency communications (URLLC), all of which are vital enablers for edge computing (Gupta & Jha, 2015) 1. These features
make 5G a suitable backbone for edge enabled sensor networks, allowing for faster data transmission, improved connectivity,
and distributed intelligence at the network's edge.
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With 6G on the horizon, additional innovations such as sub
terahertz communication, Al native network architectures,
and integrated sensing and communication capabilities are
expected to further augment the performance of edge based
systems (Giordani et al., 2020) . These technological
advancements facilitate more efficient data collection,
transmission, and processing, reducing the reliance on
centralized cloud architectures and alleviating issues such as
network congestion, latency, and data redundancy.

In the context of wireless sensor networks (WSNs), the
combination of edge computing and next generation wireless
networks presents a powerful synergy. WSNs, which form
the backbone of many loT applications, are inherently
resource constrained in terms of computation, storage, and
energy (Akyildiz et al., 2002) 11, Centralized data processing
models often fail to meet the stringent latency and energy
requirements of these networks, particularly in dynamic or
mission critical environments. Edge computing mitigates this
issue by enabling local data processing, aggregation, and
filtering, thereby reducing the communication overhead and
conserving energy. When integrated with high speed 5G or
future 6G connections, these edge nodes can also collaborate
across distributed environments, allowing for scalable and
context aware processing frameworks (Chiang & Zhang,
2016) 1,

Numerous application domains stand to benefit from this
synergistic integration. In healthcare, edge computing
facilitates real time monitoring of patients through wearable
sensors while maintaining data privacy and reducing latency
(Rahmani et al., 2018) %1, In the automotive industry,
intelligent edge nodes paired with vehicular 5G networks
enable real time decision making for autonomous vehicles,
supporting collision avoidance, traffic navigation, and
vehicle to everything (V2X) communication (Lu et al., 2014).
Smart cities are increasingly relying on edge enhanced sensor
systems for dynamic traffic control, air quality monitoring,
and waste management, all of which demand low latency and
high reliability solutions. These use cases demonstrate how
edge computing, when powered by robust wireless
communication networks, transforms the capabilities and
scope of sensor based systems.

Despite these advances, the integration of edge computing
with next generation networks also presents significant
challenges. These include ensuring data security and user
privacy, managing heterogeneous network components,
orchestrating edge resources, and maintaining system
interoperability. Additionally, the deployment of edge
computing infrastructures requires substantial investment
and policy support, particularly in regions with limited
technological infrastructure. Standardization efforts by
organizations like the European Telecommunications
Standards Institute (ETSI) and the 3rd Generation Partnership
Project (3GPP) are essential in addressing these challenges
and ensuring seamless integration across diverse platforms
and vendors (ETSI, 2020).

Moreover, with the convergence of Artificial Intelligence
(Al), machine learning, and federated learning at the edge,
new opportunities for intelligent and adaptive systems are
emerging. Al enabled edge nodes can perform complex
analytics such as object recognition, predictive maintenance,
and anomaly detection directly on the device, reducing
dependence on the cloud and enabling real time responses
(Zhou et al., 2019) 1, The application of federated learning
further enhances privacy by ensuring that raw data never
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leaves the edge device, which is particularly critical in
sensitive domains like healthcare and finance. These
advances underscore the growing importance of intelligent
edge computing in shaping the next generation of wireless
and sensor networks.

The intersection of edge computing and next generation
wireless networks marks a pivotal evolution in how sensor
data is processed, transmitted, and utilized. This review aims
to explore this synergy in depth, examining the technical
foundations, application domains, emerging trends,
challenges, and future directions. As 5G and 6G technologies
mature, and as edge intelligence becomes more pervasive,
understanding this confluence will be critical for researchers,
developers, and policymakers aiming to build responsive,
efficient, and scalable 10T systems.

2. Background and Foundations

Edge computing is a paradigm that brings computation and
data storage closer to the sources of data generation namely
sensors, actuators, and loT devices rather than relying on
centralized data centers or cloud infrastructure. It
fundamentally redefines how and where data is processed,
allowing for real time analytics, decision making, and system
responsiveness at the network’s periphery (Shi et al., 2016)
(171, This distributed computing model is particularly valuable
for latency sensitive and bandwidth intensive applications
such as autonomous driving, smart cities, and industrial
automation. The architecture of edge computing is often
visualized as a cloud edge device hierarchy. At the lowest
level lie end devices sensors, actuators, smartphones, and loT
modules responsible for data collection and preliminary
processing. The next tier comprises edge nodes, such as
gateways, routers, or micro data centers, which provide more
robust computational capabilities. These edge nodes
aggregate, filter, and analyze data in near real time before
either acting on the results or transmitting relevant insights to
centralized cloud servers for deeper analysis or long term
storage. Finally, the cloud serves as the topmost layer,
offering powerful resources for non time sensitive
computation, training large scale Al models, and maintaining
historical databases (Satyanarayanan, 2017) %,

The benefits of edge computing are profound. First, reduced
latency is achieved by shortening the communication path
between data producers and processors, which is crucial for
time sensitive tasks. Second, bandwidth optimization is
accomplished by processing data locally and only
transmitting necessary information to the cloud. Third,
enhanced security and privacy are offered by limiting data
exposure across networks, a critical aspect for applications
involving personal health or financial data. Additionally,
improved scalability and fault tolerance are realized through
decentralized data handling, enabling systems to remain
operational even when connectivity to the central cloud is
disrupted (Shi & Dustdar, 2016) 171,

3. Discussion

3.1 Next Generation Wireless Networks (5G and 6G):
Features and Capabilities

5G and 6G represent revolutionary milestones in mobile
communication, enabling unprecedented levels of
connectivity, speed, and reliability. These networks are
foundational to the advancement and implementation of edge
computing, particularly for applications requiring low
latency, high throughput, and seamless mobility. 5G,
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commercially deployed in many regions, offers significant
enhancements over its predecessor, 4G, through its triad of
service classes: Enhanced Mobile Broadband (eMBB), Ultra
Reliable Low Latency Communication (URLLC), and
Massive Machine Type Communication (MMTC) (Shafi et
al., 2017) 1, These classes enable everything from high
definition video streaming and augmented reality to mission
critical control and the connection of billions of 10T devices.
One of the hallmark features of 5G is ultra low latency, with
round trip times potentially as low as 1 millisecond. This is a
game changer for latency critical applications such as
autonomous vehicles, telemedicine, and remote industrial
operations. Moreover, 5G supports high data throughput,
with peak download speeds up to 10 Gbps, enabling high
resolution content delivery and real time cloud gaming.
Additionally, massive device connectivity is supported
through mMTC, making 5G ideal for dense sensor
deployments in smart factories and urban environments
(Andrews et al., 2014) B,

6G, projected for commercial deployment around 2030,
builds upon and vastly extends the capabilities of 5G. It
envisions integration of sensing, communication, and Al,
offering intelligent, adaptive, and sustainable wireless
networks. Anticipated features include data rates exceeding 1
Thps, latency below 0.1 ms, and the ability to support
ubiquitous intelligent services with context aware edge
analytics (Saad et al., 2020) [*4l. 6G networks will empower
next generation applications such as holographic
communications, digital twins, brain computer interfaces,
and tactile internet systems.

3.2 Key Technologies Underpinning 5G/6G

The performance leap in 5G and 6G is made possible by a set
of foundational technologies, which also complement the
architectural design of edge computing systems.

One such technology is network slicing, which allows the
creation of multiple virtual networks over a shared physical
infrastructure. Each slice is tailored to meet specific
requirements latency, bandwidth, or reliability allowing
service providers to dynamically allocate resources for
different applications, such as real time analytics at the edge
or high bandwidth video delivery (Li et al., 2018). This is
particularly beneficial for edge computing, where tasks can
be offloaded to different network slices depending on
urgency and computational needs. Massive MIMO (Multiple
Input Multiple Output) is another transformative feature that
dramatically improves spectral efficiency and system
capacity by leveraging a large number of antennas at the base
stations. This enhances connectivity for a vast number of
devices and facilitates stable communication for mobile edge
nodes in high density scenarios (Lu et al., 2014). Edge servers
and devices benefit from this robustness, especially in
fluctuating and noisy environments such as urban
intersections or industrial sites.

Millimeter wave (mmWave) communication, operating
between 30 and 300 GHz, enables the high throughput
characteristics of 5G. While mmWave has limited range and
penetration, it is ideal for short range edge connectivity, such
as between a factory floor sensor array and a local edge
server. 6G will push this further with terahertz (THz)
communication, which can offer even higher data rates and
lower latencies, although it faces greater challenges in signal
attenuation and requires advancements in materials and
hardware (Akyildiz et al., 2020) [, Terahertz frequencies are
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expected to enable applications like high speed edge data
sharing for real time VR/AR environments or uncompressed
holographic streaming.

Furthermore, Al native networking is anticipated in 6G,
where the network not only transmits data but also assists in
processing and optimizing it. Edge computing devices,
empowered by federated learning and local Al models, will
collaborate with 6G networks to dynamically manage
workloads, predict failures, and enhance quality of service
(Zhang et al., 2021) 1, This tight coupling of computation
and communication will be crucial for the orchestration of
complex sensor networks and the realization of distributed
intelligence.

3.3 Sensor Data Processing in 10T
The proliferation of Internet of Things (10T) devices has led
to an explosion of sensor generated data, posing significant
challenges in processing and analysis. One of the primary
issues is network congestion, as the sheer volume of data
transmitted to centralized cloud servers can overwhelm
network infrastructure, leading to delays and potential data
loss. This is particularly problematic for applications
requiring real time processing, such as autonomous vehicles
or industrial automation systems. Additionally, latency
becomes a critical concern; transmitting data over long
distances to cloud data centers introduces delays that can be
detrimental to time sensitive applications. For instance, in
healthcare, delays in processing patient data can lead to
missed diagnoses or delayed treatments. Lastly, power
consumption is a significant challenge, especially for battery
powered loT devices. Continuous data transmission to the
cloud consumes considerable energy, reducing the
operational lifespan of devices and increasing maintenance
costs.
e Edge Computing in loT
Edge computing addresses these challenges by
processing data closer to the source at the "edge" of the
network rather than relying solely on centralized cloud
servers. By analyzing data locally, edge computing
reduces the amount of data transmitted over the network,
alleviating congestion and minimizing latency. This
localized processing enables real time decision making,
which is crucial for applications like autonomous
vehicles, where immediate responses to sensor inputs are
necessary for safety. Moreover, edge computing
enhances power efficiency by reducing the need for
constant data transmission, thereby extending the
operational life of 10T devices. This approach not only
improves performance but also reduces operational costs
and enhances the scalability of 10T systems.
e Role of Next Generation Wireless Networks
The evolution of wireless networks, particularly the
advent of 5G and the forthcoming 6G technologies, plays
a pivotal role in enhancing 10T systems. 5G networks
offer ultra reliable low latency communication
(URLLC), high data rates, and massive machine type
communications (MMTC), which are essential for
supporting the dense and diverse 10T deployments.
These capabilities ensure that 10T devices can
communicate efficiently and reliably, even in highly
congested environments. Looking ahead, 6G networks
are expected to provide even greater enhancements,
including terabit per second data rates, sub millisecond
latency, and integration with artificial intelligence for
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intelligent network management. These advancements
will further bolster the performance and capabilities of
lIoT systems, enabling more sophisticated applications
and services.

3.4 Application Domains

The integration of edge computing with next generation
wireless networks (5G and emerging 6G) is revolutionizing
several industries by offering high speed, low latency, and
intelligent data processing closer to the data source. This
synergy is enabling transformative capabilities across critical
sectors including healthcare, transportation, and urban
management.

Healthcare: Remote Patient Monitoring and Edge Al
for Diagnostics

The healthcare sector stands to benefit immensely from
the convergence of edge computing and 5G/6G
networks. Remote patient monitoring (RPM), for
instance, allows healthcare professionals to continuously
observe vital signs and other biometric data in real time
without the patient being physically present at a
healthcare facility. Edge computing enhances RPM by
ensuring that data from wearable sensors and medical
devices is processed locally, enabling faster responses to
critical health events (Satyanarayanan, 2017) 5. For
example, an edge node integrated within a wearable
heart monitor can instantly detect irregular heartbeats
and alert both the patient and healthcare providers
without relying on distant cloud servers.

Furthermore, edge Al for diagnostics is emerging as a
transformative application. Using artificial intelligence
models deployed at the edge, medical devices can
autonomously perform tasks such as analyzing X ray
images, detecting skin abnormalities, or predicting
disease progression all with minimal latency. This is
particularly valuable in rural or under resourced areas
with limited internet connectivity. Studies have
demonstrated that edge assisted diagnostic tools, when
paired with 5G's low latency and high reliability, can
deliver near real time feedback, drastically improving
patient outcomes (L.i et al., 2020).

The future promises even more enhancements with 6G
capabilities. As 6G is expected to incorporate intelligent
sensing and tactile internet capabilities, remote surgeries,
immersive telemedicine, and even brain computer
interfacing for neuro rehabilitation may become feasible.
These advancements would allow surgeons to operate
remotely with tactile feedback or diagnose patients using
haptic and holographic communication powered by
terahertz frequencies (Saad et al., 2020) (4],
Autonomous Vehicles: V2X Communication and
Real Time Decision Making

Autonomous vehicles (AVs) represent another critical
application domain where edge computing and next gen
wireless technologies are indispensable. AVs require
ultra reliable and ultra low latency communication for
safe and efficient operation. The paradigm of Vehicle to
Everything (V2X) communication including Vehicle to
Vehicle (V2V), Vehicle to Infrastructure (V2I), and
Vehicle to Network (V2N) facilitates real time
information exchange among vehicles and the
surrounding environment. Edge computing nodes placed
at roadside units or within the vehicles themselves allow
rapid data processing for collision avoidance, route

www.FutureEngineeringJournal.com

optimization, and adaptive cruise control (Zhang et al.,
2021) 1,

5G networks provide the bandwidth and latency
requirements for such operations, but the emergence of
6G networks will push the boundaries even further. With
terahertz communication and Al native network
capabilities, 6G can support real time collective
intelligence among vehicles. This means that not only
will individual AVs be able to make decisions, but entire
fleets of vehicles could collaboratively process and share
insights at the edge to optimize city wide traffic flow and
prevent accidents in milliseconds (Akyildiz et al., 2020)
1]

Edge computing also plays a role in data localization and
privacy. Instead of transmitting raw sensory data from
cameras and LIDAR to the cloud which raises security
and bandwidth concerns vehicles equipped with edge
capabilities can process this data locally, ensuring faster
decisions and reducing vulnerability to data breaches
(Shi et al., 2016) 1, Additionally, combining machine
learning with edge infrastructure enables continuous
learning and improvement of vehicle algorithms without
cloud dependency, a critical factor for autonomous
mobility at scale.

Smart Cities: Intelligent Traffic Systems and
Environmental Monitoring

Edge computing combined with next generation wireless
networks is a cornerstone for smart city development.
Cities are increasingly embedding sensors, cameras, and
connected devices into public infrastructure to enable
real time traffic management, public safety monitoring,
and environmental data collection. With edge nodes
deployed near data sources (e.g., traffic lights, street
lamps, and surveillance systems), cities can make
localized and autonomous decisions that enhance
operational efficiency and quality of life.

One prominent application is the development of
intelligent traffic systems. These systems use edge
enabled sensors and Al algorithms to monitor vehicle
flow, detect congestion, and adjust traffic signals in real
time. The low latency of 5G ensures timely
communication between edge nodes and control centers,
facilitating dynamic responses to changing traffic
conditions. For example, during emergency situations,
edge computing can prioritize the movement of
ambulances and fire trucks by modifying traffic light
patterns based on live data (Ali et al., 2021).
Environmental monitoring is another key use case.
Sensors deployed throughout wurban areas can
continuously collect data on air quality, noise levels,
temperature, and humidity. Instead of sending this
massive volume of data to centralized servers, edge
nodes can analyze it locally and transmit only actionable
insights. This enables faster response to pollution events
or environmental anomalies and supports public health
decision making in real time (Shi & Dustdar, 2016) 171,
As cities evolve into cyber physical systems, the
scalability and reliability of 6G networks will become
vital. 6G’s support for massive machine type
communication (mMTC) and enhanced location
awareness will make it possible to track and manage
millions of connected urban elements seamlessly.
Furthermore, Al native 6G networks will help cities to
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autonomously learn from historical and real time data to
optimize resource allocation, detect infrastructure
failures, and forecast public service demands.

3.5 Synergy Between Edge Computing and Next
Generation Wireless Networks

The convergence of edge computing and next generation
wireless networks, notably 5G and the emerging 6G, has
catalyzed a transformative shift in the way data is processed,
transmitted, and utilized across sensor intensive applications.
Edge computing relocates computational tasks from
centralized cloud servers to the proximity of data generating
sources, thereby minimizing latency and reducing bandwidth
consumption. However, its full potential is unlocked only
when paired with high speed, low latency, and ultra reliable
communication systems a niche precisely addressed by 5G
and envisioned for 6G. This synergy allows for the
development of ultra responsive systems capable of real time
decision making and adaptive intelligence across domains
such as autonomous driving, augmented reality, industrial
automation, and smart healthcare (Taleb et al., 2017; Zhang
et al., 2021) 18 291,

One of the core enabling features of 5G is its ultra low latency
communication, which facilitates near instantaneous data
exchange between devices and edge servers. Traditional
cloud centric architectures often suffer from significant
delays due to the round trip data journey to and from remote
servers. 5G addresses this limitation with its URLLC (Ultra
Reliable Low Latency Communication) component, which
reduces latency to as low as one millisecond (Shafi et al.,
2017) D61 This low latency is critical for time sensitive
applications such as autonomous vehicles and remote
surgery, where delayed decisions can result in catastrophic
outcomes. Edge computing complements this by hosting
compute resources closer to the user, thus localizing data
processing and decision making. Together, these
technologies enable sensor networks to become not only data
collecting infrastructures but also real time decision engines.
As we look ahead to 6G, this synergy becomes even more
compelling. 6G is expected to incorporate Al native
frameworks and support technologies such as the tactile
internet, holographic communication, and integrated sensing
with communication (Giordani et al., 2020) ['l. These
advancements  necessitate  computing  power and
communication bandwidth beyond the scope of current
systems. Edge computing, integrated into the 6G framework,
provides a scalable and distributed platform for hosting Al
algorithms that support context awareness, predictive
analytics, and intelligent orchestration. For instance, 6G’s
integration with edge Al will facilitate intelligent mobility
management in vehicular networks and ultra realistic
immersive experiences in the metaverse (Saad et al., 2020)
(14 The shift from centralized intelligence to distributed
intelligence at the edge ensures that sensor data is not only
processed faster but also enriched with actionable insights
locally.

The benefits of integrating edge computing with 5G/6G are
multifaceted.  First, reduced latency improves the
responsiveness of applications and services, a necessity for
mission critical operations. In industrial automation, for
example, robotic arms and assembly lines must respond to
sensor feedback with microsecond precision. Here, edge
servers collocated with production units and connected via
5G ensure synchronized and timely actuation, thereby
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increasing productivity and safety (Lu et al., 2014).
Similarly, real time healthcare monitoring using wearable
sensors benefits from edge enabled decision making that can
detect anomalies in vital signs and trigger immediate alerts to
caregivers, bypassing potential delays associated with cloud
only solutions (Rahmani et al., 2018) [*3],

Second, the reliability of communication is significantly
enhanced. Edge computing reduces the dependency on
backhaul networks by minimizing the volume of data sent to
remote clouds. When paired with the multi connectivity and
beamforming capabilities of 5G and 6G, this setup ensures
high availability and fault tolerance (Li et al., 2021).
Applications in autonomous drones, for instance, demand
both high data throughput and redundancy to maintain
uninterrupted operation in the face of environmental or
connectivity  disruptions. A reliable edge wireless
architecture provides local fallback mechanisms to keep
systems operational even in the event of central cloud failure
or intermittent coverage.

Third, energy efficiency is markedly improved. Transmitting
large volumes of raw data over long distances to centralized
clouds consumes significant power, which is particularly
challenging for battery operated sensor nodes and mobile
devices. By processing data locally at edge servers, the need
for constant data transmission is curtailed, leading to reduced
energy expenditure. Additionally, 5G's energy saving
mechanisms, such as sleep modes and dynamic spectrum
allocation, further optimize energy consumption across the
network (Bangerter et al., 2014) ¥l For example, in a smart
agriculture setting, edge enabled sensor nodes can perform
localized data analytics, such as soil moisture prediction, and
only transmit summaries to central systems, thereby
conserving energy and bandwidth.

Fourth, the combined system supports enhanced scalability
and mobility. As 10T deployments scale into the billions of
interconnected devices, traditional centralized models
struggle with resource allocation and network congestion.
Edge computing, distributed across geographic locations,
alleviates this burden by localizing compute resources. 5G
and 6G networks, with their massive device connectivity
capabilities and support for high speed mobility, enable
seamless handovers and consistent Quality of Service (QoS)
even as users and devices move across networks (Gupta &
Jha, 2015) €1, In smart city deployments, mobile edge nodes
placed along roads and intersections can collaborate via 5G
to manage real time traffic data from moving vehicles and
infrastructure sensors, offering dynamic route planning and
congestion mitigation without overloading the core network.
Furthermore, the integration of 5G/6G and edge computing
fosters a shift toward "network aware computing,”" where
computational tasks are offloaded based on network
conditions, device capabilities, and application requirements.
This is particularly relevant for next gen applications
requiring both compute and bandwidth intensive operations.
For instance, augmented reality (AR) systems require
rendering complex 3D graphics and streaming them with
minimal lag. Edge computing can handle the rendering tasks,
while 5G ensures the high speed delivery of content, offering
an immersive experience with minimal delay and jitter (Zhou
etal., 2019) [,

In essence, the synergy between edge computing and next
generation wireless networks is not merely additive it is
transformative. Each complements the other's limitations:
edge computing adds intelligence and responsiveness to
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wireless infrastructure, while 5G and 6G add the speed,
connectivity, and reliability needed to unlock edge
computing’s full potential. Together, they redefine how
sensor data is processed, how systems respond to real world
stimuli, and how digital services are consumed. As research
and standardization efforts continue, this synergy will be
pivotal in shaping the future of distributed intelligence,
enabling a new era of smart, responsive, and sustainable
digital ecosystems.

3.6 Challenges in Integration

e Latency and Network Congestion
Achieving ultra low latency across vast 10T networks
remains a significant challenge. While edge computing
reduces the distance data must travel, ensuring consistent
low latency communication across diverse and
expansive networks requires robust infrastructure and
advanced network management. The integration of 5G
and 6G technologies offers potential solutions by
providing high speed, low latency connectivity.
However, the complexity of managing large scale
deployments and maintaining consistent performance
across various network conditions poses ongoing
challenges that require continuous innovation and
optimization.
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e Security and Privacy Concerns
The distributed nature of edge computing introduces
complexities in securing 10T systems. Processing data at
the edge increases the number of potential entry points
for cyber attacks, necessitating the implementation of
robust security measures. This includes encryption,
secure authentication, and regular security audits to
protect sensitive information. Additionally, privacy
concerns arise as data is processed closer to the source,
potentially involving multiple stakeholders. Establishing
clear data governance policies and ensuring compliance
with regulatory frameworks are essential to address these
concerns and maintain user trust.
e Interoperability

The diversity of devices and systems in 10T ecosystems
can lead to interoperability challenges. Different
manufacturers may implement varying standards and
protocols, making it difficult for devices to communicate
seamlessly. The integration of edge computing and next
generation wireless networks requires establishing
common standards and protocols to ensure compatibility
across devices and platforms. Industry collaboration and
the development of universal standards are crucial to
overcoming these interoperability issues and enabling
the full potential of integrated loT systems.
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4. Emerging Trends and Future Directions

One of the most significant emerging trends in edge
computing is the integration of Artificial Intelligence (Al)
and Federated Learning (FL) directly at the edge. Traditional
Al models are often trained in centralized cloud
environments, which requires vast amounts of data to be
transferred from edge devices, creating issues related to
latency, privacy, and bandwidth. Federated learning
addresses these challenges by enabling edge devices to
collaboratively learn a shared prediction model while keeping
all the training data local. This not only reduces the
communication overhead but also enhances data privacy a
critical concern in sectors like healthcare and finance. By
decentralizing intelligence, federated learning transforms
edge nodes into collaborative, intelligent entities capable of
real time inference and decision making (Kairouz et al.,
2019) Bl As 5G and 6G technologies enhance the
connectivity and bandwidth of edge devices, the deployment
of Al and FL across distributed edge environments is
becoming increasingly feasible. These intelligent systems

can support advanced functionalities like anomaly detection
in sensor data, adaptive traffic control in smart cities, and
predictive maintenance in industrial 10T.

Another crucial direction is green edge computing and energy
harvesting, which aim to address the environmental impact
and energy constraints of edge infrastructure. Edge nodes,
often deployed in remote or mobile environments, face
limitations in power supply and sustainability. Emerging
research focuses on energy aware algorithms and hardware
designs that optimize computational loads based on available
energy resources. Moreover, integrating energy harvesting
techniques such as solar, thermal, and Kkinetic energy
harvesting into edge devices allows for prolonged operation
without relying on external power sources (Mao et al., 2020)
(22 These innovations align well with global sustainability
goals, especially when scaled in large sensor networks across
smart cities or rural areas. Additionally, 6G is expected to
incorporate  native  support for energy efficient
communication protocols and green networking solutions,
further boosting the potential of sustainable edge computing
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systems.

As we transition from 5G to 6G, revolutionary applications
such as the tactile internet and holographic communications
are beginning to shape the next wave of wireless innovation.
The tactile internet characterized by ultra low latency and
high reliability enables real time transmission of touch and
actuation, which is vital for applications such as remote
surgery, robotic control, and immersive virtual reality
(Fettweis, 2014) 61, Holographic communication, on the other
hand, involves the real time capture, transmission, and
rendering of 3D images, requiring immense data throughput
and synchronized edge processing. Edge computing becomes
indispensable here, as processing holographic data or haptic
feedback close to the source reduces latency and allows for
scalable deployment. 6G networks, expected to offer
terahertz frequency bands and Al native architectures, will
further augment these capabilities by offering enhanced
spectral efficiency and intelligent network resource
allocation (Giordani et al., 2020) [, Together, edge
computing and 6G lay the foundation for new paradigms in
remote interaction and sensory rich communication.

Finally, standardization efforts are vital for the successful
integration of edge computing with next generation wireless
networks. The current ecosystem lacks unified standards for
edge orchestration, interoperability, and security protocols
across heterogeneous platforms. Bodies such as the ETSI
Multi access Edge Computing (MEC) group and the 3rd
Generation Partnership Project (3GPP) are actively
developing frameworks that define APIs, service interfaces,
and architectural guidelines for edge deployments in 5G and
beyond (ETSI, 2020). Furthermore, the Institute of Electrical
and Electronics Engineers (IEEE) is proposing standards for
latency critical applications and edge security. These efforts
are crucial for ensuring compatibility and seamless
communication among diverse devices, vendors, and
infrastructures. As edge computing scales globally and is
integrated with 6G, consistent and robust standardization will
ensure that systems are secure, efficient, and interoperable.
The future of sensor data processing lies at the intersection of
edge computing and advanced wireless communication.
Innovations in federated learning, sustainable computing, 6G
driven applications, and robust standardization practices will
define how efficiently and securely sensor driven systems
operate in the coming decades. This evolving ecosystem
holds transformative potential for sectors such as healthcare,
mobility, and urban development.

5. Conclusion

The integration of edge computing with next generation
wireless networks, particularly 5G and the emerging 6G
technologies, marks a transformative shift in how sensor data
is processed and utilized across the Internet of Things (IoT)
ecosystem. This synergistic approach addresses longstanding
challenges in centralized cloud-based architectures, including
high latency, network congestion, limited scalability, and
elevated power consumption. By enabling localized data
processing and leveraging the ultra-reliable, low latency
communication capabilities of 5G and 6G, this combined
framework supports a new generation of real time,
responsive, and scalable 10T applications.

Through case studies in healthcare, autonomous vehicles, and
smart cities, it is evident that this integrated approach
enhances decision making, improves service delivery, and
promotes more efficient use of computational and network
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resources. However, the full potential of this paradigm is
contingent upon overcoming several technical challenges
such as interoperability, data security, and deployment
complexity which demand coordinated research and
innovation.

Looking ahead, future research in areas such as Edge Al,
federated learning, sustainable energy solutions for edge
devices, and the potential role of quantum computing will
further expand the capabilities and impact of edge enabled
wireless networks. As these technologies continue to evolve
and mature, their convergence will be instrumental in shaping
the next era of intelligent, autonomous, and adaptive 10T
systems.

The collaboration between edge computing and next
generation wireless networks is not merely complementary it
is foundational to the future of ubiquitous, efficient, and
intelligent sensor driven environments.
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