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Abstract. With the massive number of devices being added to Inter-
net every day, the cloud infrastructure is struggling to serve them on
timely manner with the required quality of service. In addition, the sheer
volume of data that needs to be transported between the user devices
and the cloud servers is massive and poses bottlenecks on the network
infrastructure. In light of these challenges, Edge Computing is seen as a
solution that can serve the user devices with less latency and ease the
network congestion. Multi-Access Edge Computing (MEC) is one of the
prominent solutions proposed recently with the primary focus of mobile
cellular networks. However, a closer look at the user applications that
require Edge Computing shows that having the Edge Computing facility
at houses, offices or factories enable more effective operation and utiliza-
tion of the capabilities of Edge Computing. Furthermore, the emerging
WLANS such as Wi-Fi 6/6E/7, Li-Fi, and Optical Wireless Communica-
tion are addressing the indoor network capacity barriers that prevented
Edge Computing being deployed closer to the user. Therefore, in this
article, we introduce an Edge Computing architecture for wireless local
area networks (WLAN) which resides in user premises. The viability and
the performance of the architecture is evaluated with the use of Wi-Fi 6
WLAN network.
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1 Introduction

Edge Computing (EC) is being developed with a predominant focus on the
mobile cellular networks. These developments were called mobile edge comput-
ing, however, it was later standardized by ETSI as multi-access edge computing
(MEC) [39]. MEC is expected to provide low latency, highly reliable, and low
energy computational facilities for users who are connected to 5G/6G and beyond
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Fig. 1. Deployment of WLAN Edge Computing in household and industrial scenarios.

networks [34,35]. Furthermore, computing at the network edge reduces the con-
gestion in the backhaul networks and brings the cost for network operators down
[17].

There are a number of studies that explore the use of MEC in different
directions such as smart cities, virtual/augmented reality (VR/AR), Edge Intel-
ligence, unmanned aerial vehicles, vehicular networks, and Internet of Things
(IoT) [10,18,26,27,36,43-45]. Nevertheless, in order to reap the benefits of MEC,
a user needs to be connected to a cellular base-station, which can be a power
consuming and costly task for certain user devices such as IoT devices [11].
Moreover, there might be devices that do not have the capability to connect
to a cellular network or cannot be connected due to the network failures [42].
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Therefore, many devices that we find in houses, offices and factories that can
benefit from Edge Computing facilities do not get the opportunity to use it.
These devices are usually connected to a wireless local area network (WLAN)
such as Wi-Fi or Li-Fi.

A few Edge Computing architectures were proposed for indoor spaces using
WLANS. For instance, a 3-tier architecture called Home Edge Computing (HEC)
was introduced in [2] to decrease the latency of accessing the cloud resources in
applications such as AR/VR and Tactile Internet. This architecture is proposed
as an extension to MEC with an additional layer called the local data center
or home server. However, the proposed 3-tier architecture have to maintain a
constant flow of information with the cloud servers and intermediate nodes which
hinders the low latency operation of the HEC. Moreover, the home server is
transparent to the users and is completely managed by the Internet Service
Provide (ISP). Hence, the users do not get to add custom features, apps, and
capabilities to the home server.

Further, authors in [37] also introduced access edge cloud, where a server in
attached to the WLAN access points. However, the implementation gives more
emphasis on the metro edge cloud and the results are transparent of the par-
ticular WLAN technology. Further, the authors introduce a new TDMA-based
(time division multiple access) polling for the effective resource management in
the metro edge cloud. In [9], authors introduced EdgeAP, where a management
server orchestrates different applications in WLAN access points that are con-
nected to it. These applications are decided based on the user demand and the
users cannot have a fixed set of applications in a given access point. Therefore,
the EdgeAP architecture is similar to HEC proposed in [2].

Cloudlet Computing is also a similar concept where the cloud computing
capabilities are brought closer to the user [1]. However, similar to the previous
approaches, Cloudlet Computing is also managed by service providers. Hence,
the exact location of deployment, services that are running in the Cloudlet, and
hardware/software specifications are entirely determined by the service providers
[16]. Therefore, while Cloudlet Computing can enhance the performance of data
processing at the network edge, it does not yield the full autonomy that WEC
can provide the users.

In terms of applications of WLAN Edge Computing, authors in [44] high-
light that artificial intelligence (AI) in the network edge would play a key role
in future IoT and mobile computing landscape. While there are a number of
challenges in implementing Al in the edge, there are various techniques such
as federate learning, gradient compression, model compression and partitioning
that help enable the edge Al implementations. Moreover, providing Industrial
IoT as a Service (IToTaaS) is an upcoming trend in future manufacturing indus-
tries. IloTaaS provides storage and computational resources closer to industrial
plants and minimize the latency and risk of data breaches [4].

A common challenge with WLAN-based EC is that the WLANSs were not seen
as very reliable networks that can provide guaranteed connectivity and latency.
Hence, WLAN-based EC was not considered as a viable solution for providing
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computational facilities at the network edge. However, the latest versions of
the IEEE 802.11 standard series offers compelling solutions to these challenges
[13]. The IEEE 802.11ax standard which is better known as Wi-Fi 6 features
radical changes such as orthogonal frequency division multiple access (OFDMA)
that enables Wi-Fi to provide guaranteed access to all or a subset of its users
[22]. Moreover, Wi-Fi 6 comes with increased bandwidth support and it is set
to be expanded to 6 GHz range as well (Wi-Fi 6E) [12]. In addition to that
Wi-Fi 7 (IEEE 802.11be) is also underway with more features like multi-link
operation and time-sensitive networking to further enhance the capacity and
reliability of Wi-Fi links [8]. With these enhancements, the most recent and
upcoming Wi-Fi standards would provide guaranteed performance in terms of
latency and connectivity. The increased bandwidth can be used to easily facilitate
the increasing number of IoT devices or any other sensors connected to the
network.

Visible light communication, Li-Fi, optical wireless communication are also
widely explored for WLAN deployments due to its high capacity and privacy [31-
33]. The IEEE 802.11 standards expand into the optical region of the electro-
magnetic spectrum with the latest IEEE 802.11bb light communication standard
[23]. Hence, now it is possible to build visible light communication links that com-
ply with the IEEE 802.11 standards, which encourages a heterogeneous WLAN
ecosystem with much higher capacity and link reliability.

Therefore, is it evident that the development of emerging WLANSs paves the
way to support the WLAN-based EC with their ability to provide guaranteed
access [13,14], higher throughput and bandwidth. Therefore, exploring the com-
bination of EC and emerging WLANS is a timely contribution that can improve
how the devices that are connected to WLANS can utilize EC facilities.

In that regard, this article presents a novel architecture for deploying WLAN-
based EC (WEC) systems in households and industrial settings. The WEC sys-
tem implementation in both scenarios are shown in Fig. 1, which will be explained
in detail in Sect. 2. With this architecture, the following contributions are made
in the article.

— We introduce a novel edge computing architecture where the edge computing
device is connected to the household/industrial WLAN. The architecture is
a flexible and scalable solution as the user can determines the specifications
of the edge computer depending their requirements.

— We introduce an app-based ecosystem where the user installs the applica-
tions (apps) they require and these apps will execute the functions related to
different services.

— We evaluate the performance of the proposed architecture using Wi-Fi 5 and
Wi-Fi 6 networks to demonstrate that emerging WLANs such as Wi-Fi 6
networks enables smooth operation of edge computing at the WLAN edge.

The rest of the article is organized as follows. The proposed architecture is
presented in Sect. 2. The Sect. 3 introduces key applications for WLAN EC and
their requirements. The performance evaluations and analyses are presented in
Sect. 4. Finally, Sect. 5 concludes the paper.
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2 Proposed Architecture of the WLAN-Based Edge
Computing

This section will demonstrate the need for WLAN-based Edge Computing using
a simple networking scenario and present the proposed architecture for WLAN-
based Edge Computing. Furthermore, the last subsection will go into the details
of the construction of the Edge Computer.
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Fig. 2. Impact of offloading traffic to on-premises Edge Computers.
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2.1 The Need of Edge Computing in WLAN

Consider the scenario given in Fig. 2 where a network which has 10 user premises
with 110 Mbps of peak demand each. All houses are connected to a router with
1 Gbps uplink capacity and the user premises are connected to the router using
100 Mbps links. T'wo experiments were done with and without WLAN-based EC
facilities at user premises. In the first experiment, it is assumed that 100% of the
peak demand is send to the remote node. As shown in the delay and throughput
plots shown in Fig. 2, the delay and throughput of users suffer when the total
network load is close to the peak (1 Gbps). On the other hand, if 30% of the
peak demand can be served on-premises, the traffic that needs to be transported
in the core network reduces and the results are reflected in Fig.2. The overall
network metrics experience a significant improvement in the latter case.

2.2 WLAN-Based Edge Computing Architecture

The proposed novel WLAN-based Edge Computing architecture is shown in
Fig. 1. The proposed architecture can be equally applied to household and indus-
trial scenarios to carry out different tasks. The architecture features a WLAN
access point and it is connected to an edge computer. Edge computers can be
built using general-purpose computers, single-board computers such as Rasp-
berry Pi, or more advanced miniature computers such as NVIDIA Jetson Nano
[5]. The user devices are connected to the access point via emerging WLAN tech-
nologies while the edge computer can be connected via WLAN or wired (Eth-
ernet) connections. As shown in the industrial scenario in Fig. 1, there could be
multiple access points to serve the coverage area. However, they are connected a
single edge computer which is more powerful than a household edge computer.

2.3 Architecture of WLAN-Based Edge Computer

The architecture of the WLAN-based Edge Computer is shown in Fig.3. It
consists of all the components of a general-purpose computer such as hardware,
operating system, drivers, libraries and software applications. In addition to that,
the WEC is connected a WLAN access point via Ethernet or WLAN.

The hardware components of the WEC are mainly the central processing unit
(CPU), graphics processing unit (GPU), memory, storage, network interfaces and
other peripherals to communicate with the external sources. Depending on the
user requirements certain components might have high-end specifications. For
instance, an industrial WEC that controls robots might need high performance
CPU and GPU whereas a household WEC might need more storage capacity.

The operating system of the WEC will manage the hardware and software
that run on top of it. The libraries installed in the operating system play a key
role in facilitating the applications. Depending on the requirements of the appli-
cations, users can install libraries such a machine learning and GPU. In Fig. 3,
dashed entities represent industrial WEC components. For instance, industrial
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Fig. 3. The proposed architecture of the WLAN edge computer.

robot control would require libraries such as simultaneous localization and map-
ping (SLAM) [21].

The applications are installed by the user based on their requirements. For
instance, if the user needs their Netflix account to cache latest movies in the
WEC, they can install the Netflix application and configure it. Similarly, if the
user wants to run a certain machine learning surveillance on their CCTV (closed
circuit television) feed and send alert, they can install a CCTV application in the
WEC and forward the CCTYV feed to the WEC. Installation of applications is
done by the management interface of the WEC. This management interface can
be accessed by a computer by typing in the WEC’s IP address. Using this inter-
face, the user can install/uninstall, configure applications and install libraries.
The app-based ecosystem is one of the key differentiators of the proposed archi-
tecture from Cloudlet Computing where the edge computer is used to execute a
certain set of calculations [1]. The proposed architecture uses fully-fledge apps
in the edge computer which runs standalone computational tasks. It should be
noted that these apps are different from the apps installed in mobile phones
or computers. The apps for the WEC are specifically designed for the WECs
to carry out a specific set of tasks. In addition to the standard security mea-
sures provided by the computing system, WEC apps can also run the machine



Bringing the Edge Home: Edge Computing in the Era of Emerging WLANs 93

learning based anomaly detection algorithms to identify any vulnerabilities and
notify the users.

As discussed earlier, the connection between the access point and the WEC
can be Ethernet or WLAN. For instance, the resource allocation mechanisms of
Wi-Fi 6/6E/7 greatly suits this task as they can provide dedicated network slices
for certain connections. The user devices will be connected to the access point
and certain groups of users will have dedicated network slices. In addition to the
data flows from the main router, the WEC can interface with other peripherals
using its own interfaces such as audio ports, Bluetooth interfaces and USB. This
way the WEC can provide additional services via its own interfaces.

3 Application Scenarios of WEC

Emerging user applications can be supported through both cloud and edge com-
puting [15]. These computing paradigms offer distinct advantages that cater to
various aspects of application requirements. However, bandwidth intensive appli-
cations with a ultra-low delay requirement can greatly benefit from edge com-
puting. In this section, a few application scenarios that can benefit from WEC
is discussed with their requirements such as data rate, latency, computational
power, and memory.

3.1 Real-Time Security Monitoring Applications

The CCTYV systems are widely used nowadays for surveillance purposes. How-
ever, security officers are often employed to monitor them on a 24x7 basis.
With the increasing number of cameras, it is becoming a costly and ineffec-
tive endeavor. Hence, there has been attempts to automate this process using
machine learning and cloud computing [40]. However, as we discussed earlier,
cloud computing poses its own limitations in data rate and latency. Especially,
if the CCTV system is large and consists of high-definition cameras. Therefore,
deploying a WEC for this task helps reducing the cost and operational latency
to a significant degree. In addition, the CCTV footage will stay local preserving
the privacy of the individuals. If the WEC is attached to the other systems of the
house or industrial building, it is possible to execute security measure without
delays.

3.2 Industry 5.0

Industrial control is another area where edge computing is highly applied. With
Industry 4.0, most of the factories and other industrial spaces were equipped
with smart machines and sensors to efficiently mass produce different products.
However, Industry 5.0 envisions to bring mass personalization and human inter-
action to the factories [25]. Industry 5.0 requires a version of edge computing
that can be modified easily. Therefore, WEC suits well for the upcoming Indus-
try 5.0 spaces for a number of reasons [28]. WEC with emerging WLANs can
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provide guaranteed access to the machines and other devices unlike older ver-
sions of WLANs (Wi-Fi 5 or older). WEC allows the industries to maintain
their proprietary data on their own system without compromising the security
and privacy. Since the libraries and apps are locally maintained, updates can be
easily done providing a scalable and flexible solutions for industry automation.

3.3 Personalized In-Home Care

With the ageing population in many countries, it is vital to provide in-home care
for elderly people and disabled individuals. While there are different sensors
that capture visual, auditory and medical sensors that can collect data from
individuals, transportation of these data and processing them in cloud servers is a
challenging task in terms of data volume, latency and privacy. Hence, there have
been attempts to address these concerns using MEC and network slicing [29].
With the proposed WEC architecture, it is possible to address these concerns
in an effective way due to the low latency and high privacy. Moreover, since the
WEC supports installation and configuration of new apps, the users can install
and customize apps to monitor individuals with various medical conditions.

3.4 Work-from-Home Caching

With the advent of work-from-home (WFH) culture, it is necessary to access the
workplace data in a fast and reliable manner. At the moment, most companies
use Google Drive, Dropbox or Outlook OneDrive for workplace file storage and
sharing. Only a small fraction of the companies can afford to deploy there own file
servers. Most of the general file sharing services either have long delay or requires
to store the files locally. Hence, moving between devices, working with tablets is
cumbersome. However, the proposed architecture can serve as a local server and
an app can manage the copies and update the versions [3]. Furthermore, specific
access restrictions and other custom access policies can be easily implemented
using the apps.

3.5 Voice/Virtual Assistants

Voice assistants such as Google Home, and Amazon Alexa are quite popular these
days and are helpful in number of avenues of our daily lives. At the moment,
these devices come as separate hardware with in-built processing and communi-
cation capabilities. However, with the proposed WEC, it is possible to build apps
that can serve as voice assistants. Authors in [41] proposes to use EC to improve
the performance of existing voice assistants by reducing the cloud access delay.
If the WEC is equipped with audio input/output, the whole functionality can
be achieved in the WEC and can be integrated to household audio systems. Fur-
thermore, it will give the voice assistants seamless access to the physical aspects
such as smart home sensors and control devices for monitoring and controlling.
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Table 1. Simulation Parameters

Application Direction | Packet Size | Data rate
Netflix Downlink | 1500 bytes |8 Mbps

2 x WFH cache Downlink | 1200 bytes |2 x 1 Mbps
10 x General Internet | Downlink | 1000 bytes | 10 x 0.6 Mbps
5 xCCTV Uplink 1400 bytes |5 x1 Mbps

2 x WFH cache Uplink 1200 bytes |2 x 1 Mbps
Sensor gateway Uplink 700 bytes | 0.2 Mbps

10 x General Internet | Uplink 1000 bytes |10 x 0.6 Mbps

3.6 Internet of Everything (IoE)

With the IoE concept, numerous sensors and other devices are embedding into
households and industrial spaces. These sensors and devices acquire sensitive
information from the surroundings. With the typical cloud computing systems,
this information has to be sent to the cloud which will pose a security and
privacy threat [7]. However, most of functionalities in the cloud can be installed
in the edge computer and execute at the edge [38]. This will help preserving the
privacy and decreasing the latency of the responses. Therefore, IoE devices can
be connected to the WEC and the management of the IoE devices can be done
through a suitable app installed in the WEC.

3.7 Caching of Content Delivery Services

Video services such as Netflix and YouTube use caching at different levels of
the network for seamless delivery. As describe earlier, a personal level content
caching and storage can help reduce the congestion in the core/transport net-
works and scalability of content delivery systems [20,24]. Furthermore, WEC can
intelligently coordinate with the core network to do the caching at low congestion
periods to ease the burden the core network.

3.8 In-Home AR/VR Engines

AR/VR technologies are penetrating our daily lives in terms of gaming, enter-
tainment and education. The cloud-based operation of AR/VR is almost impossi-
ble due to data rates involved and the stringent latency requirements. A number
of studies are carried out to evaluate to the feasibility of using MEC for AR/VR
rendering [6,30]. Therefore, bringing these functionalities home with WEC would
further enhance the performance of AR/VR applications.

4 Performance Evaluation

The viability of the proposed architecture is evaluated by implementing the
proposed WEC in the ns-3 simulation environment [19]. The ns-3 simulation
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environment supports both legacy Wi-Fi 5 and Wi-Fi 6 networks. T'wo simulation
studies are conducted to observe the viability of WEC in Wi-Fi 5 and Wi-Fi 6
networks. These simulations are carried out with the same network and traffic
configurations. The latency of the user applications are observed to evaluate the
performance of the proposed WECs.
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Fig. 4. Latency of downlink user applications using Wi-Fi 5 networks in a WLAN-based
EC.

The network considered for the simulations consists of the traffic shown in
Table 1. As shown in the table, both uplink and downlink traffic are considered
for the simulations. Different types of applications are also simulated. The Net-
flix, WFH cache, CCTV, and sensor applications implemented where they are
using the apps in the WEC, which might use or not use the Internet connection.
The general Internet users do not connect to the WEC, however, they use the
bandwidth of the Wi-Fi access point to connect to the Internet. The simulation
studies increase the load on the Wi-Fi access point by increasing the number of
general Internet users from 1 to 10 and observe the performance of all the traffic
traversing the WEC and WLAN.

Figures4 and 5 show the performance of the WEC with Wi-Fi 5 network. As
it can be seen from these figures, the latency of the network depends on the load
of the network. For the downlink traffic, the latency has increased almost x10
for all the traffic categories when the general Internet users were increased from
1 to 10. Similarly, uplink also demonstrates a consistent increase in the latency
with increasing number of users. Hence, it is difficult to use Wi-Fi 5 networks
for WECs as the network performance is highly dependant on the network load.
The main reason behind this behaviors is that Wi-Fi 5 networks do not have
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EC.

the ability to allocate bandwidth based on the latency requirements. The Wi-
Fi 5 networks are based on a contention-based medium access control (MAC)
protocol. While it results in low latencies under low load, the latency will quickly
rise up with increasing number of users. Therefore, though it is possible to build
WECs using Wi-Fi 5 networks, it will not be able to consistently offers the low
latency and highly reliable services of a WEC.

On the other hand, the Wi-Fi 6 network can be configured to have a con-
stant latency for required applications. Figures6 and 7 demonstrate the delay
performance of downlink and uplink, respectively. In this configuration, the gen-
eral purpose traffic is not set to have a constant latency. The rest of the user
applications are configured to have a constant latency by allocated bandwidth
portions for them. As depicted in Fig. 6, the Netflix and WFH cache traffic stays
at the same latency level while the general Internet user latency increased with
increasing number of users. In this case, the general Internet user latency can be
higher than that of Wi-Fi 5 as the dedicated bandwidth were allocated for Netflix
and WFH cache. A similar behavior is observed in the uplink scenario shown
in Fig.7. Only the general Internet users will have an increase in the latency
while the rest of the user applications experience a constant delay. Therefore, it
is clear that with Wi-Fi 6 networks it is viable to build WECs that can provide
guaranteed latency. It is worthwhile noting that some application such as CCTV
experience less latency under the Wi-Fi 5 networks due to the contention-based
MAC protocol in legacy Wi-Fi networks. However, when it comes to Wi-Fi 6
networks, the scheduled access may result in higher latency, however, it will be
consistent with the increasing network load.
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As it can be seen from the above analysis, the Wi-Fi 6 networks appear to
be a viable solution for building WECs. The Wi-Fi 5 networks have an unpre-
dictable latency, therefore, are not suitable for WECs as WECs are expected
to maintain a constant latency. However, with the improve network resource
allocation mechanisms in Wi-Fi 6, it is possible to ensure guaranteed latency
and reliability for the user applications. Hence, using Wi-Fi 6, it is possible
to build WECs that can bring the advantages offered by MECs into the home
environment, bringing the edge computing another step closer to the end users.

5 Conclusion

Bringing Edge Computing facilities to WLANSs can provide many benefits for a
number of user applications such as IoE, smart home, caching services in terms
to latency, privacy and data rate. However, so far, the unreliable WLAN tech-
nologies did not provide a proper platform for WLAN-based EC systems. With
the emergence of Wi-Fi 6/6E/7, Li-Fi, and optical wireless communications,
WLANSs are becoming more reliable as they are capable of providing guaranteed
latency for user applications. Therefore, it is necessary to evaluate the possi-
ble architectures for EC using these emerging WLANSs. This article introduces a
novel architecture which consists of a WLAN Edge Computing based on Wi-Fi 6.
The WEC operates with a collection of apps that the user can install/customize
to suit their applications. We analysed the viability of the proposed architecture
by using Wi-Fi 5 and Wi-Fi 6 networks. The results confirm the fact though
Wi-Fi 5 networks are not reliable enough to build WECs, the Wi-Fi 6 networks
appears to be the best platform for WECs at the moment with constant latency
and reliability, help bringing the edge computing one more step closer to the
users.
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