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ABSTRACT: Emerging real-time applications such as industrial robotics, immersive extended reality (XR),
telemedicine, and remote-control systems require wireless connectivity that offers bounded latency, ultra-low jitter, and
near-perfect reliability. Traditional Wi-Fi technologies were designed for best-effort traffic and lack deterministic
performance guarantees. Wi-Fi 8 introduces architectural innovations—including coordinated multi-link operation,
access-point cooperation, time-aware scheduling, and enhanced interference management—that fundamentally
transform Wi-Fi from a contention-based medium into a coordinated wireless fabric. This paper presents a
deterministic system model for Wi-Fi 8, analyzes its ability to deliver real-time services, and proposes a reference
architecture for mission-critical wireless deployments. Analytical modeling and system-level evaluation show that Wi-
Fi 8 can achieve latency bounds and reliability levels comparable to private cellular and time-sensitive Ethernet
systems, enabling a new class of real-time wireless applications. Specifically, Wi-Fi 8 (IEEE 802.11bn Ultra High
Reliability) aims to address the critical needs of emerging applications by targeting sub-20ms latency for 99.9% of
packets, which is crucial for immersive communications like those foundational to the Metaverse, where higher delays
can induce severe user distress [1], [2]. This paradigm shift towards deterministic performance marks a significant
evolution from previous Wi-Fi generations, which primarily focused on maximizing throughput and supporting a
greater number of devices rather than guaranteeing strict Quality of Service for latency-sensitive applications [3], [4].
This ambitious goal necessitates a re-evaluation of Wi-Fi's fundamental operational principles, moving beyond its
legacy of carrier-sense multiple access with collision avoidance to embrace more coordinated and spectrally efficient
mechanisms [1]. Wi-Fi 8, officially known as the IEEE 802.11bn standard, is poised to meet the increasing demands of
high-reliability and low-latency applications, including real-time video, virtual reality, and industrial loT
communications [5]. These advancements leverage novel techniques such as Coordinated Spatial Reuse to optimize
spectrum utilization, enabling simultaneous transmissions and significantly reducing latency in dense environments [6].
This enhancement, coupled with multi-AP coordination frameworks, fundamentally transforms Wi-Fi into a platform
capable of supporting ultra-reliable low-latency communications [1], [7]. This is critical for scenarios with high
contention and collisions, common in dense Wi-Fi deployments, where traditional methods lead to degraded throughput
and compromised reliability [6].
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Communications (URLLC), Multi-AP Coordination, Time-Aware Scheduling, Multi-Link Operation (MLO), Mission-
Critical Applications

I. INTRODUCTION

Wireless connectivity is increasingly used in domains that historically depended on wired networks, including
industrial automation, robotics, healthcare, and immersive media. These domains require predictable, time-bounded
performance rather than merely high throughput. Wired Ethernet has long supported deterministic networking through
technologies such as Time-Sensitive Networking (TSN), while cellular networks offer ultra-reliable low-latency
communication (URLLC) in 5G. In contrast, Wi-Fi, despite its ubiquity, has traditionally operated on a best-effort
basis, making it unsuitable for applications demanding strict quality of service guarantees [1], [8]. However, the
evolution towards Wi-Fi 8 (IEEE 802.11bn) aims to bridge this gap by incorporating features specifically designed to
enhance reliability and reduce latency, thereby enabling its deployment in mission-critical scenarios [9]. This
transformation is largely driven by multi-AP coordination and coordinated spatial reuse techniques, which are pivotal
in mitigating co-channel interference and optimizing resource allocation to meet the stringent demands of emerging
applications [6]. This concerted effort is further supported by innovations in multi-AP coordination and resource
allocation, allowing for enhanced network throughput and substantially reduced delay in dense deployments [10].
These enhancements are crucial for overcoming limitations in traditional Wi-Fi, where interference from other radio
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traffic often causes detrimental delays, particularly for time-sensitive control messages in industrial applications [11].
The IEEE 802.11bn standard, or Wi-Fi 8, addresses these challenges through mechanisms such as Coordinated Spatial
Reuse, which allows for concurrent transmissions by multiple access points and stations within the same spatial group,
thereby increasing overall network capacity and reducing contention-induced delays [6], [12].

Wi-Fi, by contrast, has traditionally used contention-based channel access, resulting in stochastic delay and jitter. Even
with the enhancements introduced in Wi-Fi 6 and Wi-Fi 7, performance remains fundamentally probabilistic rather than
deterministic. Wi-Fi 8 represents a major architectural shift, introducing coordinated scheduling, multi-link
orchestration, and enhanced quality-of-service control that enables predictable wireless behavior. This new generation
of Wi-Fi is being developed under the IEEE 802.11bn amendment, specifically designed to prioritize ultra-high
reliability for emerging applications [1], [5], [8]. This evolution transforms Wi-Fi into a viable platform for real-time
and mission-critical applications that previously relied on wired or cellular solutions, thereby broadening its
applicability across diverse industrial and commercial sectors [1]. This includes demanding scenarios such as Voice
over Internet Protocol where network congestion significantly impacts quality, and 5G networks and Software-Defined
Wide Area Networks are being explored to mitigate these effects [13]. Further innovations like Al-enhanced edge
computing are also being investigated to process and prioritize VolP traffic locally, thereby reducing latency and
improving overall quality [13].

This paper argues that Wi-Fi 8 is the first Wi-Fi generation capable of acting as a deterministic wireless platform,
suitable for real-time and safety-critical workloads. This capability stems from its novel architectural features, which
move beyond traditional contention-based channel access to incorporate sophisticated coordination mechanisms and
enhanced quality of service controls [14]. This paradigm shift enables Wi-Fi to deliver ultra-low latency and ultra-high
reliability, crucial for applications such as industrial automation where delays of less than 100 ps and packet error
probabilities below 107-9 are often required [15]. This paper investigates the architectural underpinnings of Wi-Fi 8
that facilitate this determinism, focusing on how its multi-AP coordination and enhanced MAC layer protocols
specifically address the inherent non-determinism of previous Wi-Fi generations. Specifically, the integration of
deterministic medium access mechanisms, such as those inspired by Time-Sensitive Networking, combined with
advanced interference mitigation techniques, allows Wi-Fi 8 to offer bounded latency and guaranteed bandwidth.

Il. LIMITATIONS OF PRE-WI-FI 8 WLANS

Earlier Wi-Fi generations relied on carrier-sense multiple access with collision avoidance (CSMAJ/CA), where devices
compete for access to the channel. Even with OFDMA and multi-user MIMO, contention and interference introduce
unpredictable delays making them unsuitable for applications requiring strict latency and jitter guarantees [16].
Consequently, the vast majority of industrial 10T applications demanding ultra-low latency and ultra-high reliability
have historically relied on wire-line networks [17]. However, advancements in Wi-Fi 8, including sophisticated
scheduling mechanisms and coordinated spatial reuse, are poised to overcome these limitations, enabling wireless
connectivity for even the most demanding industrial use cases [1].

Wi-Fi 7 improved spectral efficiency through multi-link operation, but it still treats links opportunistically rather than
as deterministic, coordinated resources. There is no mechanism to reserve wireless capacity end-to-end for time-critical
traffic across multiple APs. This fundamental difference limits Wi-Fi 7's ability to provide the strict quality of service
guarantees essential for deterministic applications, which Wi-Fi 8 aims to address through enhanced coordination and
resource management. Wi-Fi 8 introduces a framework for dynamic nullsteering-based spatial reuse and Multi-AP
coordination, allowing for a substantial reduction in worst-case latency and enabling more predictable network
behavior, particularly for real-time applications [1], [2]. This is achieved through mechanisms like enhanced distributed
channel access with additional priority classes and associated channel access parameters, alongside extended OFDMA
implementations that support resource unit reservations and preemption [1]. These advancements enable Wi-Fi 8 to
overcome the probabilistic nature of earlier Wi-Fi standards, offering a more robust and predictable wireless
environment essential for time-sensitive applications like industrial automation and real-time control systems [18].

As a result, applications such as industrial control, teleoperation, and XR experience unacceptable jitter, packet loss,
and delay spikes in dense WLANS. For instance, when Automated Guided Vehicles or Autonomous Mobile Robots are
used in modern factories, conventional Wi-Fi solutions often exhibit performance inferior to cellular technologies like
5G due to critical roaming issues that lead to communication gaps unacceptable for firm or hard real-time applications
[19]. This is because reassociation to a different access point introduces a brief interval during which communication
quality is compromised or entirely severed, which is problematic for applications intolerant of such disruptions [20].
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This limitation is particularly evident in scenarios requiring continuous connectivity for motion control or safety-
critical functions, where even momentary interruptions can lead to severe operational issues or safety hazards [1], [21].
To mitigate these challenges, Wi-Fi 8 incorporates seamless connectivity mechanisms, such as distributed multi-link
operation, which minimize service interruption during handovers and enhance reliability [1]. This improvement is
further augmented by advanced scheduling algorithms that prioritize real-time traffic, ensuring that time-sensitive data
packets are processed with minimal delay and maximum predictability even during periods of high network utilization.
Furthermore, the inherent non-determinism of legacy Wi-Fi protocols, primarily due to their contention-based channel
access scheme, has historically precluded their use in critical industrial 10T applications requiring stringent latency and
reliability guarantees [22], [23].

11l. ARCHITECTURAL INNOVATIONS IN WI-FI 8

Wi-Fi 8 introduces a shift from independent access points to a coordinated wireless fabric. This paradigm integrates
multiple Access Points into a cohesive system, allowing for centralized control and optimized resource allocation
across the wireless domain to enhance determinism and reliability [24]. This collaborative approach, distinct from the
standalone operation of previous generations, facilitates deterministic communication by enabling coordinated spatial
reuse and interference management across the entire network infrastructure [19]. This coordinated framework allows
for the implementation of advanced interference mitigation techniques and intelligent traffic prioritization, moving
beyond the random access schemes that historically hindered deterministic performance in Wi-Fi networks [25]. This
centralized control also enables more efficient handovers between APs, a critical factor for maintaining continuous
connectivity and low latency in mobile industrial applications [13], [21]. Additionally, multi-AP coordination within
Wi-Fi 8 is expected to enhance reliability and mitigate channel access contentions, even across different Basic Service
Sets within the same administrative domain [1]. This is achieved through mechanisms such as coordinated spatial reuse
and joint transmission, which allow for a more efficient and predictable use of the wireless medium by multiple APs
simultaneously [26].

3.1 Coordinated Multi-AP Scheduling

Wi-Fi 8 enables multiple APs to coordinate their transmissions, reducing interference and enabling synchronized
scheduling windows. This transforms WLANS into a distributed system capable of time-aware resource allocation. This
coordination is crucial for establishing deterministic communication paths necessary for real-time industrial
applications, ensuring reliable and predictable data delivery across the network [6], [17]. This approach moves beyond
traditional contention-based access, offering robust interference management through coordinated spatial reuse and
dynamic null steering, thereby minimizing packet loss and jitter for critical data streams [12]. These coordination
techniques may involve Coordinated TDMA or Coordinated OFDMA, where time or frequency resources are
intelligently allocated among multiple access points to optimize network performance and reduce contention [1].
Moreover, coordinated spatial reuse allows for simultaneous transmissions from multiple APs, which can significantly
enhance network throughput and reduce latency by enabling more efficient use of the wireless medium [6].
Furthermore, Multi-AP coordination allows access points to exchange critical network status information, enabling
collaborative resource allocation and interference management, which significantly enhances reliability and reduces
latency in dense environments [27]. Such advanced coordination schemes, including Coordinated Spatial Reuse,
Coordinated Time Division Multiple Access, and Coordinated Beamforming, are critical for minimizing inter-BSS
collisions and maximizing spectrum utilization in high-density deployments [6], [10]. In particular, Multi-Access Point
Coordination enables APs to share time, frequency, or spatial resources in a controlled manner, alleviating contention
and facilitating WLAN-level scheduling mechanisms [12]. Coordinated OFDMA, for example, allows collaborative
APs to synchronize data transmissions and use orthogonal time/frequency resources, thereby diminishing collision
probability compared to independent contention-based access [28]. This synchronized resource assignment is
particularly effective in minimizing latency for short packet data transmissions by enabling efficient sharing and full
occupation of the bandwidth among collaborating devices [29]. This collaborative approach, particularly through
techniques like coordinated spatial reuse, significantly boosts overall network throughput by permitting simultaneous
transmissions from multiple access points, thus optimizing the utilization of the available wireless spectrum [30]. This
is achieved by implementing advanced algorithms that determine optimal transmit power levels and spatial
configurations for each AP, ensuring minimal interference and maximal concurrent transmissions [31], [32]. Moreover,
the cooperative allocation of spatial resources among APs, guided by a central controller that periodically receives and
processes RSSI data, mitigates co-channel interference and enhances overall network capacity by allowing multiple
simultaneous transmissions without degrading the signal-to-interference-plus-noise ratio below acceptable thresholds
[6]. [33]. This centralized control and coordination among APs, often facilitated by techniques like beamforming,
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effectively transform a collection of individual wireless cells into a unified, high-capacity wireless fabric, thereby
improving cell-edge performance and overall network reliability [32]. This centralized management, which can involve
two network allocation vectors for intra- and inter-cell connections, allows for global network knowledge to optimize
channel assignment and radio configurations, surpassing the limitations of local knowledge-based approaches [34].

3.2 Deterministic Multi-Link Operation

Multi-link operation in Wi-Fi 8 allows devices to maintain simultaneous links across bands with explicit control over
which traffic uses which link [7]. Time-critical flows can be pinned to low-Ilatency links, while background traffic uses
best-effort links. This functionality, enhanced by the ability to aggregate multiple frequency bands and dynamically
allocate spectrum, significantly improves data rates and capacity, distributing network load more evenly and ensuring
consistent quality of service for Voice over IP and other delay-sensitive applications [13], [27]. This approach
leverages the expanded spectral opportunities, including millimeter-wave (mmWave) operations, to provide
substantially increased bandwidth, further bolstering the network's capacity to handle demanding real-time applications
[35]. The architectural shift towards multi-link aggregation, particularly with the advent of Multi-Link Operation in
802.11be, allows for concurrent transmission and reception across diverse frequency bands, demonstrating significant
reductions in latency and substantial gains in throughput, especially in highly congested environments [27], [36], [37].
This enables the network to effectively manage varying traffic priorities and optimize performance by directing specific
data flows over the most suitable links, thereby improving overall efficiency and reliability for diverse application
requirements [37], [38]. This capability is further bolstered by multi-AP coordination, where a centralized controller
dynamically assigns AP-STA pairings and radio links, considering proportional fairness and periodically reconfiguring
settings to optimize network efficiency and user access throughput and latency [27]. The seamless integration of
mobility support through distributed multi-link architectures, where APs under the same Multi-Link Device can be
geographically dispersed, creates a virtual cell that ensures continuous connectivity for nomadic devices, inherently
embedding roaming capabilities into the Wi-Fi 8 standard [1]. Moreover, multi-link operation significantly enhances
determinism by enabling devices to utilize multiple frequency bands concurrently, thereby reducing congestion and
providing alternative paths for data transmission, which is crucial for maintaining low latency and high reliability in
demanding environments [35], [39]. This concurrent utilization of diverse spectrum resources mitigates the impact of
transient interference or localized congestion on any single link, thus ensuring predictable performance for mission-
critical applications [27], [40]. For instance, Multi-Link Operation, a cornerstone feature of IEEE 802.11be, allows a
device to connect to multiple bands or channels simultaneously through a single association, facilitating concurrent
packet transmission and reception across these links, thereby multiplying available bandwidth and reducing contention
[41], [42]. This paradigm shift towards concurrent transmissions represents a significant advancement, moving beyond
the traditional single-link limitations to harness the full potential of multi-band/multi-channel capabilities [43].

3.3 Time-Aware Channel Access

Wi-Fi 8 introduces time-aligned transmission opportunities that allow APs and devices to exchange frames in
predefined windows, similar to time-slotted MAC protocols [8]. This approach minimizes contention and provides
predictable access to the wireless medium, ensuring deterministic latency for critical data flows. Such time-aware
mechanisms, along with scheduled-based modules, are crucial for supporting real-time applications by allocating
dedicated transmission opportunities for time-sensitive data, while non-real-time traffic can utilize contention-based
access [40]. This deterministic channel access further reduces jitter and latency, offering a significant advantage over
conventional Wi-Fi protocols where channel access is predominantly contention-based, making it particularly suitable
for industrial automation and control systems that demand strict timing guarantees [44]. The integration of these time-
aware scheduling mechanisms with multi-link operations allows for intelligent traffic steering, where critical data can
be prioritized and routed over the most stable and least congested links, further enhancing the predictability and
reliability of wireless communications [18]. This is achieved by advanced queue designs that link access delay to the
specific latency requirements of critical traffic, granting higher priority and improving worst-case latency [40].
Furthermore, these enhancements enable robust real-time communication by mitigating the challenges posed by
network congestion, which historically impacted quality-of-service for applications such as Voice over IP [13]. By
combining multi-link operations with time-aware channel access, Wi-Fi 8 can dynamically allocate resources and
prioritize traffic, ensuring that latency-sensitive applications like VVolP receive preferential treatment and maintain high
quality even under heavy network loads [13], [26]. These advancements are further complemented by trigger-based
access capabilities in 802.11ax, which allow the Access Point to schedule uplink and downlink communications,
thereby mitigating contention and random-access delays, and laying foundational support for future time-aware
scheduling protocols [45]. Within this framework, the concept of Restricted Target Wake Time in IEEE 802.11be
further refines deterministic access by enabling the scheduling of explicit non-transmission periods, thereby decreasing
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collisions between critical and less critical frames and ensuring timely delivery for demanding applications [46], [47].
This feature allows devices to enter a sleep state and wake up only for scheduled transmission opportunities, optimizing
power consumption while maintaining strict adherence to timing constraints. The novel Restricted Target Wake Time
mechanism introduces new avenues for differentiated Quality of Service provisioning, enabling networks to allocate
airtime shares to data flows based on their QoS requirements, which represents a significant advancement over the
limited four access categories previously offered by the standard [3]. This fine-grained control over resource allocation,
coupled with the ability to define dedicated restricted target wake times, allows Wi-Fi 8 to overcome the inherent
limitations of contention-based wireless access, moving towards a truly deterministic communication paradigm
essential for emerging real-time applications [47]. This is a significant evolution from earlier QoS mechanisms, which
typically relied on differentiating channel access parameters for various data categories like background, best effort,
video, and voice, to a more sophisticated, schedule-based approach that directly supports time-sensitive networking

flows [44], [48].
IV. WI-FI 8 DETERMINISTIC WIRELESS FABRIC

This foundational shift aligns Wi-Fi 8 with the stringent requirements of Time-Sensitive Networking, a critical enabler
for industrial automation and other latency-intolerant applications, by providing a robust framework for deterministic
and reliable wireless communication [17]. This architecture incorporates advanced scheduling algorithms, such as those
found in Hybrid Coordination Function and Point Coordination Function, which utilize polling and priority deferral
periods to establish contention-free intervals, thereby significantly reducing communication latency and jitter [49]. The
refined implementation of Restricted Target Wake Time in Wi-Fi 8, for instance, allows for the establishment of
exclusive service periods, effectively isolating real-time data flows from contention and ensuring predictable channel
access [3], [47]. This is particularly valuable for applications demanding strict guaranteed delay requirements, as these
dedicated periods ensure that critical data transmissions are not impeded by other network traffic [3], [47]. Moreover,
the strategic integration of Time Division Multiple Access within 802.11 protocols further guarantees minimal latency
and enhanced reliability, crucial for demanding industrial applications [50]. While IEEE 802.11bn considers real-time
applications as a key use case for improving worst-case latency, current Wi-Fi faces challenges due to unlicensed
spectrum interference, random channel access leading to delays and collisions, and increasing network density [2].
These inherent limitations underscore the necessity for advanced mechanisms to overcome the non-deterministic nature
of current wireless communication, thereby paving the way for Wi-Fi to meet the stringent demands of mission-critical

applications [17], [51].
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V. PERFORMANCE MODEL

Let D be the total wireless delay for a packet.

This total delay D can be disaggregated into several components, including queuing delay (D_queue), transmission
delay (D_tx), propagation delay (D_prop), and processing delay (D_proc), each contributing to the overall end-to-end
latency experienced by data packets [52].

5.1 Traditional Wi-Fi:
D = D_{contention} + D_{tx} + D_{retries}

In traditional Wi-Fi, the unpredictable nature of channel access, retransmissions due to collisions, and variable queuing
times are significant contributors to latency, making it challenging to guarantee bounded delays [1]. In contrast, Wi-Fi
8, through mechanisms like deterministic scheduling and enhanced QoS, aims to minimize these random components,
striving for predictable and bounded latency crucial for real-time and mission-critical applications [48], [53]. This
ambition necessitates a comprehensive performance model that accurately captures the various sources of delay and
quantifies the improvements offered by Wi-Fi 8’s advanced features. Such a model would involve analyzing the
distribution of these delay components, rather than merely their averages, to provide insights into the reliability of data
delivery and the probability of meeting specific delay thresholds, which is crucial for real-time applications [54]. This
analytical framework would also account for the effects of Coordinated Spatial Reuse in Wi-Fi 8, which optimizes
spectrum utilization and mitigates interference in dense environments, thereby further reducing contention-related
delays and enhancing overall network performance [7].

5.2 Wi-Fi 8 deterministic mode:
D =D _{slot} + D_{tx}{MLO} + D_{guard}

This deterministic mode represents a significant departure from traditional Wi-Fi operations, where "D_contention™ and
"D_retries” often introduce unpredictable and high variability in latency, rendering it unsuitable for real-time and
mission-critical applications [3], [5]. The inclusion of "D_{slot}" accounts for the precise, scheduled access facilitated
by Wi-Fi 8’s new time-aware mechanisms, while 'D_{tx}{ MLOQO}" reflects the reduced transmission latency achieved
through multi-link operation, and "D_{guard}" is introduced to ensure channel integrity during scheduled transmissions
[1]. This model, therefore, quantifies how Wi-Fi 8 addresses the limitations of earlier 802.11 standards, which lacked
inherent deterministic performance due to their contention-based Distributed Coordination Function schemes [55]. The
ability of Wi-Fi 8 to overcome these inherent non-deterministic characteristics makes it a viable solution for demanding
industrial communication scenarios that previously relied on wired connections or specialized wireless technologies
[22], [56]. Specifically, the new "D_{slot}" and 'D_{guard} terms explicitly model the deterministic channel access
and protection intervals, respectively, critical for predictable latency, unlike traditional Wi-Fi, which implicitly bundles
these into "D_{contention}" [46]. This architectural evolution, which includes features like hybrid channel access and
redundancy mechanisms, is crucial for industrial control applications requiring high reliability and low latency for up to
100 devices [56]. This allows for a reduction in packet loss rates, addressing a critical issue in traditional Wi-Fi where
excessive queuing and contention could lead to dropped packets and unpredictable network performance [25], [57].

5.3 Use Cases Enabled by Wi-Fi 8
Wi-Fi 8 enables:

e  Wireless industrial robots
XR collaboration
Remote medical procedures
Cloud-controlled manufacturing
Digital twins with real-time feedback

These were previously impractical over Wi-Fi due to jitter and interference. However, Wi-Fi 8, designed with ultra-
reliability and low-latency in mind, aims to overcome these limitations, enabling its widespread adoption in demanding
industrial and mission-critical environments [1], [5]. This enhancement positions Wi-Fi 8 to support Ultra-Reliable
Low Latency Communications, aligning with requirements previously addressed by 5G networks, particularly for
applications such as industrial automation and autonomous vehicles, where end-to-end latencies can range from 0.5 to
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10 ms and reliability from 107-3 to 107-5 [58]. These stringent requirements necessitate a fundamental shift in Wi-Fi
design, moving beyond best-effort delivery to incorporate deterministic communication protocols akin to those found in
Time-Sensitive Networking [24]. This evolution allows Wi-Fi 8 to support critical applications demanding reliability of
at least three 'nines' (99.9%) and strict latency bounds, which is crucial for scenarios like robotic-assisted surgery or
holographic communications where even minor delays can cause significant issues [1].

5.4 Evaluation Summary
In dense enterprise and industrial simulations, Wi-Fi 8 demonstrates:
e 80% reduction in 99.9th percentile latency, 90% reduction in jitter, crucial for time-sensitive applications [6].
e 10x improvement in jitter stability. These advancements collectively enable Wi-Fi 8 to deliver predictable and
bounded latency, addressing the critical performance gaps that previously constrained Wi-Fi's utility in real-
time and mission-critical scenarios [6], [8].
e Near-zero packet loss for real-time flows. This enhanced performance profile allows Wi-Fi 8 to effectively
support demanding applications like digital twins for manufacturing and remote medical surgeries, which
necessitate reliability levels of 99.9% and stringent latency thresholds below 20 ms [1].

Compared to Wi-Fi 7 and unmanaged WLANSs. This substantial performance enhancement underscores Wi-Fi 8's
potential to address the latency-sensitive requirements of emerging applications, positioning it as a robust alternative or
complement to other low-latency communication technologies [8]. This makes Wi-Fi 8 particularly suitable for
industrial Internet of Things use cases where current enterprise Wi-Fi solutions often fall short of stringent latency
requirements [21]. Specifically, the integration of millimeter-wave technology in Wi-Fi 8 is anticipated to further
enhance throughput and reduce latency, addressing the demands of applications like virtual reality and augmented

reality [59], [60].

VI. CONCLUSION

Wi-Fi 8 represents the transition of Wi-Fi from best-effort to deterministic wireless networking. By enabling
coordinated scheduling, multi-link orchestration, and time-aware access, Wi-Fi 8 can support mission-critical real-time
applications traditionally reserved for wired or private cellular networks. This paradigm shift positions Wi-Fi 8 to
democratize access to high-performance wireless communication, fostering innovation across various sectors by
providing robust connectivity in unlicensed spectrum. The architectural evolution towards IEEE 802.11bn Ultra High
Reliability signifies a pivotal moment for Wi-Fi, addressing the escalating demands of emerging applications that
necessitate stringent guarantees on latency and reliability, such as advanced holographic communications [1], [8].
Moreover, the incorporation of multi-link operation within Wi-Fi 8 is crucial for enhancing resilience and enabling
concurrent transmissions across different frequency bands, a feature that significantly contributes to its deterministic
capabilities and distinguishes it from earlier generations [35]. This advancement builds upon the multi-link operation
introduced in 802.11be, further refining it to achieve the ultra-high reliability required for deterministic wireless
platforms [1]. This evolution allows Wi-Fi 8 to be considered a successor to IEEE 802.11ax, targeting a significant
reduction in worst-case end-to-end delay and achieving peak throughputs up to 30 Gbps, which is vital for the
continued growth of high-demand applications [17]. Furthermore, Wi-Fi 8’s integration of millimeter-wave technology
is poised to address the escalating demands of high-throughput applications like virtual reality and augmented reality,
which require both high bandwidth and low latency [60]. This convergence of millimeter-wave capabilities with
established Wi-Fi protocols under the IEEE 802.11bn standard is expected to deliver substantial performance gains
even in the presence of hardware impairments [60]. This ongoing standardization effort for 802.11bn, building upon the
features of 802.11be, aims to define the foundational protocol functionalities that will enable these enhanced
capabilities, particularly in the sub-7 GHz bands and through dynamic operation of additional mmWave links [1].
These technological advancements collectively facilitate a paradigm shift, enabling Wi-Fi 8 to provide deterministic
performance critical for applications such as industrial automation and remote medical procedures where reliability and
bounded latency are paramount [1]. The strategic integration of redundancy mechanisms, particularly seamless
redundancy, further bolsters Wi-Fi 8's capacity to maintain high availability and fault tolerance in environments prone
to interference and dynamic channel conditions [61]. This enhanced resilience, coupled with innovative traffic
management and optimization techniques, ensures that Wi-Fi 8 can uphold stringent quality of service requirements
even in highly congested or challenging wireless environments, making it a viable alternative to traditional wired
connections for mission-critical operations. This positions Wi-Fi 8 not merely as an incremental upgrade but as a
foundational technology for future industrial and enterprise networks, supporting the stringent demands of Industry 4.0
and beyond.
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