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Abstract: This paper explores the transformative potential of Wi-Fi 6 mesh networks in modern IT
environments. Wi-Fi 6, with its advanced features like OFDMA, MU-MIMO, and BEAMFORMING,
delivers significantly enhanced speed, efficiency, and coverage. Mesh topology further amplifies these
benefits by creating a seamless, high-performance wireless network across extended areas. This paper
examines the key advantages of Wi-Fi 6 mesh, including increased bandwidth, improved coverage,
enhanced security, and seamless roaming capabilities. It discusses real-world applications in various IT
domains, such as smart offices, remote work, and enterprise-level deployments. By leveraging Wi-Fi 6 mesh
technology, organizations can optimize their IT infrastructure, improve employee productivity, and unlock
new possibilities for innovation in the digital age..
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L. INTRODUCTION

In today's hyper-connected world, seamless and reliable Wi-Fi access has become paramount. The explosion of smart
devices, streaming services, and remote work has placed unprecedented demands on home and business networks.
Traditional Wi-Fi routers often struggle to provide consistent coverage and performance throughout larger spaces,
leading to frustrating dead zones and slow speeds. This is where Wi-Fi 6 mesh networks emerge as a game-changer,
offering a powerful solution to these challenges.

The most recent generation of Wi-Fi technology, Wi-Fi 6, offers notable improvements in capacity, speed, and
efficiency. Building upon this foundation, Wi-Fi 6 mesh systems utilize a network of interconnected nodes to create a
blanket of high-speed wireless coverage across an entire home or office. This innovative approach eliminates frustrating
dead zones, ensures consistent performance for all connected devices, and delivers a truly seamless wireless experience.
By leveraging technologies like Orthogonal Frequency-Division Multiple Access (OFDMA) and Multi-User MIMO
(MU-MIMO), Wi-Fi 6 mesh networks can efficiently handle a multitude of devices simultaneously, minimizing latency
and maximizing throughput. This translates to faster downloads, smoother streaming, and lag-free online gaming
experiences for all users. Furthermore, advanced features like beamforming enhance signal directionality, further
improving coverage and minimizing interference

Objective: This paper will delve into the world of Wi-Fi 6 mesh networks, exploring how they work and what makes
them special. We'll look closely at the technology behind Wi-Fi 6, like how it handles many devices at once (MU-
MIMO) and directs signals more precisely (beamforming). We'll also examine how mesh networks create a strong,
consistent Wi-Fi signal throughout your home or office, eliminating those annoying dead zones. Further more, we'll
explore how Wi-Fi 6 mesh can be used in different situations, from smart homes to busy offices and even public spaces.
We'll also discuss the future of this technology, including how it might evolve and work with other technologies like
5G. Finally, we'll consider any potential challenges or limitations that might come with using Wi-Fi 6 mesh networks.
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II. LITERATURE SURVEY
The evolution of Wi-Fi has seen remarkable advancements, from the early days of 802.11b/g/n to the modern era of
Wi-Fi 6 (802.11ax). While Wi-Fi 5 (802.11ac) brought significant improvements in speed and MU-MIMO capabilities,
it still faced limitations in handling the increasing demands of modern connected homes and businesses with a growing
number of devices. Wi-Fi 6 , which allows for more efficient use of spectrum by dividing the channel into smaller
subchannels. This, combined with enhanced MU-MIMO, enables simultaneous communication with multiple devices,
minimizing latency and maximizing throughput.
Beamforming is another feature of Wi-Fi 6 that improves signal strength and lowers interference by more precisely
directing wireless signals towards particular devices. This greatly increases power efficiency when combined with
Target, which enables devices to schedule wake-up times.
Even though Wi-Fi 6 has a lot to offer, mesh networking enhances its potential even more. Frustrating dead zones result
from traditional Wi-Fi routers' inability to consistently cover larger homes or offices. In contrast, mesh networking
makes use of a network of interconnected nodes that cooperate to form a smooth, whole-home network. By doing this,
dead zones are removed, all connected devices experience consistent performance, and roaming is made easy as users
move around the network.
Mesh networking and Wi-Fi 6 technologies combine to provide a strong and effective wireless solution. Faster speeds,
reduced latency, and the capacity to manage a far greater number of connected devices at once are made possible by
this synergy.
Wi-Fi 6 mesh networks have a wide range of applications, from enhancing the smart home experience with seamless
connectivity for a multitude of IoT devices to supporting high-performance work-from-home environments with
reliable and high-speed internet access. In enterprise settings, Wi-Fi 6 mesh can provide high-speed wireless access for
employees, support BYOD initiatives, and enable the seamless deployment of IoT solutions across the organization.

Overview:

Wi-Fi 6 Mesh: Wireless Revolution & Flexibility: The latest generation of Wi-Fi technology, Wi-Fi 6, brings major
innovations that transform wireless connectivity, such as OFDMA (Orthogonal Frequency-Division Multiple Access)
and MU-MIMO (Multi-User Multiple-Input Multiple-Output), which allow for simultaneous communication with
multiple devices and more efficient use of spectrum, respectively.

Furthermore, beamforming technology directs wireless signals more precisely towards specific devices, improving
signal strength and minimizing interference. These advancements, combined with features like Target Wake Time
(TWT) which improves power efficiency, result in faster speeds, lower latency, and the ability to handle a significantly
larger number of connected devices simultaneously.

Wi-Fi 6 mesh systems leverage these advancements to create a seamless, whole-home network. By utilizing a network
of interconnected nodes, these systems eliminate dead zones, ensure consistent performance for all connected devices,
and enable seamless roaming as users move throughout the network.

Wired Ethernet: Reliability & Performance: Firstly, Ethernet provides a direct, physical link between devices,
minimizing the potential for interference from other wireless signals or environmental factors. This results in a more
predictable and stable connection with significantly lower latency compared to wireless.

Secondly, Ethernet connections, particularly modern standards like Gigabit Ethernet and 1GbE, are capable of
significantly higher bandwidth speeds than most Wi-Fi networks. This is crucial for demanding applications such as
high-definition video streaming, online gaming, and large file transfers, where consistent and high-speed connectivity is
essential.

Finally, due to their direct and physical nature, wired connections are generally more reliable and less prone to signal
fluctuations or dropouts that can occur with wireless connections, especially in areas with high levels of wireless
interference or physical obstructions. These factors make wired Ethernet connections the preferred choice for
applications that require the highest levels of performance, reliability, and stability.

Coverage vs. Bandwidth: Wi-Fi 6 mesh systems excel at expanding wireless coverage throughout a home or office. By

utilizing a network of interconnected nodes, they eliminate dead zones, ensuring consistent Wi-Fi signals reach every
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corner of the space. This is crucial for devices located further away from the main router or in areas with physical
obstructions, ensuring a seamless and consistent wireless experience throughout the entire living or working space.

In contrast, wired Ethernet connections prioritize high bandwidth. Modern standards like Gigabit Ethernet and 10GbE
can transmit data significantly faster than typical Wi-Fi networks. This is crucial for demanding applications such as
4K/8K video streaming, online gaming, and large file transfers, where high speeds are essential for a smooth and
enjoyable user experience.

Essentially, Wi-Fi 6 mesh focuses on maximizing coverage and ensuring consistent connectivity across the entire
network, while wired Ethernet prioritizes delivering the fastest possible data transfer speeds for bandwidth-intensive
applications.

Flexibility vs. Stability: Wi-Fi 6 mesh networks offer greater flexibility in terms of device placement and network
configuration. You can easily position mesh nodes throughout your home or office to optimize coverage, adapting to
the specific layout and needs of your environment. This flexibility makes it easier to expand coverage to previously
unreachable areas or to accommodate changes in your living or working space.

In contrast, wired Ethernet connections offer greater stability. Since they rely on physical cables for data transmission,
they are less susceptible to interference from other wireless signals, environmental factors, or physical obstructions.
This results in a more consistent and reliable connection with fewer signal fluctuations or dropouts, crucial for
applications that require uninterrupted connectivity.

Essentially, Wi-Fi 6 mesh prioritizes flexibility in terms of placement and configuration, while wired Ethernet
prioritizes stability and minimizes the impact of external factors on the network connection.

Cost-Effectiveness vs. Performance: Wi-Fi 6 mesh systems can be a more cost-effective solution for expanding
coverage in large areas. Installing extensive wired Ethernet cabling throughout a home or office can be expensive and
may require significant structural modifications, such as drilling holes in walls or ceilings. Wi-Fi 6 mesh, on the other
hand, offers a more flexible and potentially less expensive option for expanding coverage, especially in areas where
wired cabling is impractical or difficult to install.

Gigabit Ethernet and 10GbE are two modern Ethernet standards that can deliver significantly higher bandwidth speeds
than most Wi-Fi networks, which is essential for demanding applications like 4K/8K video streaming, online gaming,
and large file transfers. Wired Ethernet: Superior Performance: Wired Ethernet connections generally offer superior
performance in terms of speed and reliability. However, this superior performance comes at a cost, as high-speed
Ethernet connections and the necessary infrastructure, such as high-quality cables and switches, can be more expensive
to implement and maintain than a Wi-Fi 6 mesh network.

Balancing Cost and Performance: The most effective approach often involves a balanced approach, leveraging the cost-
effectiveness of Wi-Fi 6 mesh for general coverage while utilizing wired Ethernet connections for high-bandwidth
devices and applications that require the highest levels of performance and reliability. This hybrid approach allows
users to optimize their network for both cost and performance.

Ease of Installation vs. Maintenance: In general, Wi-Fi 6 mesh networks are simpler to set up and install. The majority
of systems have easy-to-use mobile apps that walk consumers through the setup procedure with little to no technical
knowledge. Adding more nodes to the network is all that is required to increase coverage, and this can usually be
accomplished quickly and simply.

Wired Ethernet: Maintenance: Wired Ethernet installations often require more specialized expertise for installation and
maintenance. Running cables throughout a home or office can be challenging and may require professional assistance,
especially for complex installations. Maintaining a wired network may also require specialized knowledge for
troubleshooting issues, such as identifying and resolving cable faults or network connectivity problems.

Comparing Ease of Use: While Wi-Fi 6 mesh systems offer greater ease of installation and initial setup, wired Ethernet
connections may require more specialized expertise for installation, maintenance, and troubleshooting, particularly for
complex network configurations.

Scalability vs. Limitations:Wi-Fi 6 Mesh: Scalability: Wi-Fi 6 mesh systems offer greater scalability for adding new
devices and expanding coverage. As the number of connected devices in a home or office grows, mesh networks can
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easily accommodate the increased demand by adding more nodes to the network. This scalability makes them well-
suited for evolving needs and the increasing number of connected devices in modern homes and businesses.

Wired Ethernet: Limitations: Wired Ethernet networks can have limitations in terms of scalability, as they may require
physical cable runs and network upgrades to accommodate a growing number of devices or increased bandwidth
demands. Adding new devices may require running additional cables, which can be challenging and disruptive,
especially in existing structures. Upgrading the network to support higher bandwidth demands may also require
significant investment in new equipment, such as higher-speed switches and network infrastructure.

Adaptability to Growth: Wi-Fi 6 mesh systems offer greater flexibility and scalability for accommodating the growing
number of connected devices and evolving network demands in modern homes and businesses.
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Future-Proofing vs. Legacy Support: Wi-Fi 6 mesh technology is more readily adaptable to future advancements in
wireless technology. As new Wi-Fi standards emerge (such as Wi-Fi 7), many Wi-Fi 6 mesh systems can be upgraded
with firmware updates to support the latest features and enhance performance. This allows users to leverage the latest
advancements without needing to replace their entire network.

Wired Ethernet: Legacy Support: While still relevant, wired Ethernet may face limitations in keeping pace with the
ever-increasing demands of modern applications. While upgrades are possible, such as moving to faster Ethernet
standards like 10GbE or 25GbE, these upgrades may require significant investments in new cabling and network
equipment.

Adaptability to Future Needs: Wi-Fi 6 mesh technology, with its potential for firmware updates and integration with
emerging wireless standards, offers greater adaptability to future needs and evolving technologies.

III. METHODOLOGY
Firstly, a comprehensive literature review was conducted to gather in-depth information on various aspects of the study.
This involved examining academic journals, industry publications, white papers, and reputable online resources to gain
a thorough understanding of Wi-Fi 6 technology, its key innovations such as OFDMA and MU-MIMO, and the
underlying principles of mesh networking.
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Secondly, the study involved an in-depth analysis of the current state of the Wi-Fi 6 mesh market. This included
reviewing market research reports and industry publications to identify key players, analyse market trends, and assess
future growth prospects within the Wi-Fi 6 mesh market.

The collected data was then subjected to rigorous analysis. Qualitative analysis techniques were employed to identify
key themes, trends, and emerging patterns related to Wi-Fi 6 mesh technology. This involved a critical evaluation of the
strengths, weaknesses, opportunities, and threats (SWOT) associated with Wi-Fi 6 mesh networks.

Furthermore, a comparative analysis was conducted to assess the performance and capabilities of Wi-Fi 6 mesh
networks in relation to traditional Wi-Fi routers and other wireless networking technologies, such as 5G. This
comparative analysis aimed to highlight the unique advantages and limitations of Wi-Fi 6 mesh networks in different
contexts.

It is crucial to acknowledge certain limitations of this research. The field of wireless technology is characterized by
rapid advancements. Therefore, while this research provides a comprehensive overview of Wi-Fi 6 mesh technology at
the present time, it is important to recognize that technological advancements may render some of the findings obsolete
in the future.

Furthermore, this research primarily focuses on a theoretical analysis of Wi-Fi 6 mesh technology. To further validate
the findings and provide more concrete evidence of the technology's real-world performance, empirical research, such
as field tests and performance evaluations in real-world settings, would be necessary.

Challenges:

e Cost: Wi-Fi 6 mesh systems can be more expensive than traditional Wi-Fi routers, especially for larger homes
or businesses requiring multiple nodes. The initial investment in hardware can be substantial, and ongoing
costs may include subscription fees for premium features or replacement costs for aging nodes.

e Complexity: Setting up and configuring a mesh network can be more complex than setting up a single router
Optimizing node placement and network settings to achieve optimal performance may require some technical
expertise.

e Troubleshooting network issues within a mesh system can also be more challenging than with a single router.

o [nterference and Signal Degradation: While beamforming helps to mitigate interference, factors such as
physical obstructions (walls, furniture), other wireless devices (microwaves, cordless phones), and even
neighbouring Wi-Fi networks can still cause signal degradation and impact performance. Interference between
nodes within the mesh network itself can also occur, potentially impacting overall network stability.

o Security Vulnerabilities: Like any wireless network, Wi-Fi 6 mesh networks are susceptible to security
vulnerabilities such as hacking, data breaches, and unauthorized access. Ensuring robust security measures,
such as strong passwords, encryption, and regular firmware updates, is crucial to protect the network and user
data.

o Compatibility Issues:Compatibility issues may arise between different mesh nodes from different
manufacturers. Older devices may not fully support all the features of Wi-Fi 6, potentially limiting the overall
performance of the network.

e Dependence on Software and Firmware:The performance and functionality of Wi-Fi 6 mesh systems heavily
rely on the underlying software and firmware. Software bugs, compatibility issues, or lack of timely updates
can significantly impact network performance and user experience.

Benefits:

e Unparalleled Coverage: Eliminates dead zones and provides consistent Wi-Fi coverage throughout the home
or office, ensuring strong signals reach every corner. Ideal for multi-story homes, large residences, or offices
with challenging layouts.

o Seamless Roaming: Allows devices to seamlessly switch between mesh nodes as users move around, ensuring
uninterrupted connectivity and a smooth user experience.

Copyright to IJARSCT =135 393

www.ijarsct.co.in A

= DOI: 10.48175/IJARSCT-25063

iy [7 1ssn %

| 2581-9429 |}
R\ UARSCT /7




O
%
IJARSCT

ISSN: 2581-9429

Delivers

IJARSCT

International Journal of Advanced Research in Science, Communication and Technology

International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Volume 5, Issue 3, April 2025 Impact Factor: 7.67

Enhanced Performance: Leverages Wi-Fi 6 technologies like OFDMA and MU-MIMO to significantly boost
data transfer rates, enabling faster downloads, smoother streaming, and lag-free online gaming.
improved performance for a large number of connected devices simultaneously without compromising speed

or reliability.

Improved Smart Home Integration: Enables seamless connectivity for a growing number of smart home
devices, from smart thermostats and lighting to security cameras and appliances.

Enhanced Security: Many Wi-Fi 6 mesh systems come equipped with advanced security features, such as
built-in firewalls and parental controls, to protect the network and connected devices from cyber threats.

Ease of Setup and Management: User-friendly mobile apps and intuitive interfaces simplify the setup and
management process, making it easy for users to configure and control their network.

Scalability and Flexibility: Easily expandable by adding more nodes to the network as needed, accommodating
the growing number of connected devices and expanding coverage to new areas

Bl wiFis @ wiFie/6E @ WiFi7 |l

1.3x Faster 4.8x Faster
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Max Speed With 1.73 25 5.8
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e eReed 6.92 9.6 46.4
Wlth‘MGX ## Gbps Gbps Gbps
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Scalability and Flexibility of WIFI

Difficulty:
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Initial Setup: While many systems offer user-friendly mobile apps for initial setup, some users may still
encounter difficulties during the configuration process. Optimizing node placement for optimal coverage can
be challenging, requiring some trial and error to find the best locations for each node.

Ongoing Maintenance: Ensuring optimal performance may require ongoing adjustments and optimizations.
This can include periodically checking signal strength, addressing potential interference issues, and updating
firmware to address bugs or enhance features.

Troubleshooting Issues: Troubleshooting network issues within a mesh system can be more complex than with
a single router.

Identifying the source of a problem, such as signal interference or a faulty node, may require careful analysis
and troubleshooting steps.

Compatibility Issues: Compatibility issues may arise between different mesh nodes from different
manufacturers, potentially leading to performance issues or instability. Ensuring compatibility between mesh
nodes and other network devices is crucial for optimal performance.
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e Dependence on Software and Firmware: The performance and functionality of Wi-Fi 6 mesh systems rely
heavily on the underlying software and firmware. Software bugs, compatibility issues, or lack of timely
updates can significantly impact network performance and user experience.

IV. RESULTS

e Unmatched Coverage and Performance: Wi-Fi 6 mesh networks effectively eliminate dead zones, ensuring
consistent and reliable Wi-Fi coverage throughout the home or office. They deliver significantly faster speeds,
lower latency, and the ability to handle a large number of connected devices simultaneously, enabling smooth
streaming, online gaming, and seamless smart home integration.

o Seamless User Experience: Seamless roaming capabilities ensure uninterrupted connectivity as users move
throughout the network, providing a truly seamless and enjoyable wireless experience.

e FEnhanced Security: Many Wi-Fi 6 mesh systems incorporate advanced security features, such as built-in
firewalls and parental controls, to protect the network and connected devices from cyber threats.

e Flexibility and Scalability: Wi-Fi 6 mesh systems offer flexibility in terms of placement and scalability to
accommodate the growing number of connected devices and evolving network demands.

V. DISCUSSION
The advent of Wi-Fi 6 mesh networks marks a significant milestone in wireless technology, offering a powerful
solution for the evolving demands of modern connectivity. By seamlessly integrating the advancements of Wi-Fi 6 with
the flexibility and coverage of mesh networking, these systems offer a compelling alternative to traditional Wi-Fi
routers.
The ability to provide consistent, high-speed Wi-Fi coverage across an entire home or office is a major breakthrough.
This eliminates the frustration of dead zones and ensures reliable connectivity for all devices, from smartphones and
laptops to smart home appliances and IoT devices. Seamless roaming further enhances the user experience by ensuring
uninterrupted connectivity as users move throughout the network.
However, the widespread adoption of Wi-Fi 6 mesh networks also presents several challenges. The initial investment
can be significant, and ongoing maintenance may require technical expertise. Furthermore, potential interference issues
and the reliance on software and firmware updates can impact network performance and user experience.

VI. FUTURE SCOPE

e Integration with 5G: Seamless integration with 5G networks can create a hybrid wireless solution, combining
the strengths of both technologies.5G can offload heavy data traffic, while Wi-Fi 6 mesh provides reliable
coverage and seamless connectivity within the home or office.

e Wi-Fi 7 and Beyond: As newer Wi-Fi standards like Wi-Fi 7 (802.11be) emerge, Wi-Fi 6 mesh systems will
likely evolve to incorporate these advancements, offering even higher speeds, lower latency, and enhanced
performance. Enhanced Security: The integration of advanced security features, such as Al-powered threat
detection and intrusion prevention systems, will be crucial to protect Wi-Fi 6 mesh networks from evolving
cyber threats.

e [oT Integration: Wi-Fi 6 mesh networks will play a critical role in supporting the growing number of IoT
devices, enabling seamless connectivity and reliable communication for a wide range of smart home and
industrial applications.

e Increased User-Friendliness: Continued advancements in user interfaces and automation will further simplify
the setup, configuration, and management of Wi-Fi 6 mesh networks, making them more accessible to a wider
range of users.
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VII. CONCLUSION
Wi-Fi 6 mesh networks represent a significant advancement in wireless technology, offering a powerful solution for the
evolving demands of modern homes and businesses. By seamlessly integrating the advancements of Wi-Fi 6 with the
flexibility and coverage of mesh networking, these systems deliver unparalleled performance, coverage, and capacity.
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