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About the Wireless Broadband Alliance

Wireless Broadband Alliance (WBA) is the global organization that connects people with the latest Wi-Fi initiatives.
Founded in 2003, the vision of the Wireless Broadband Alliance (WBA) is to drive seamless, interoperable service
experiences via Wi-Fi within the global wireless ecosystem. WBA’s mission is to enable collaboration between service
providers, technology companies, cities, regulators and organizations to achieve that vision. WBA’s membership is
comprised of major operators, identity providers and leading technology companies across the Wi-Fi ecosystem with
the shared vision.

WBA undertakes programs and activities to address business and technical issues, as well as opportunities, for member
companies. WBA work areas include standards development, industry guidelines, trials, certification and advocacy. Its
key programs include NextGen Wi-Fi, OpenRoaming, 5G, loT, Testing & Interoperability and Policy & Regulatory Affairs,
with member-led Work Groups dedicated to resolving standards and technical issues to promote end-to-end services
and accelerate business opportunities.

The WBA Board includes Airties, AT&T, Boingo Wireless, Broadcom, BT, Cisco Systems, Comcast, Deutsche Telekom,
Intel, Reliance Jio, Turk Telekom and Viasat. For the complete list of current WBA members, click here.

Follow Wireless Broadband Alliance:

www.twitter.com/wballiance

http://www.facebook.com/WirelessBroadbandAlliance

https://www.linkedin.com/company/2919934/

About Maravedis

Maravedis is a boutique wireless infrastructure analyst firm founded in 2002. Maravedis focuses on broadband wireless
technologies with a particular focus on Wi-Fi, cellular and IoT as well as industry spectrum regulations and operator
trends. Its mission is to research, analyze, and provide guidance on the role of unlicensed technologies in the overall
connectivity space.

For more information, visit www.maravedis-bwa.com.

About Rethink

Rethink Technology Research is a research and strategic advisory company focused on operator networks and business
models in telecoms and digital video markets. Its forecasts and analysis are based on foundational intellectual property
that has been developed and refined over 20 years, including a unique opt-in research panel of senior executives
within Tier 1 and 2 telcos worldwide. Particular areas of expertise in wireless include 5G, Wi-Fi, network virtualisation
and monetisation models.
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Disclaimer

Maravedis-Rethink makes no warranties express or implied as to the results to be obtained from use of this research
material and makes no warranties expressed or implied of merchantability or fitness for a particular purpose.
Maravedis-Rethink shall have no liability to the recipient of this research material or to any third party for any indirect,
incidental, special or consequential damages arising out of use of this research material. This Document and all the
information contained in this Document is provided on an ‘as is’ basis without warranty of any kind, either expressed
or implied, including, but not limited to, the implied warranties of merchantability, fitness for particular purpose, or
non-infringement. In addition, the WBA (and all other organisations who may have contributed to this document)
makes no representations or warranties about the accuracy, completeness, or suitability for any purpose of the
information. The information may contain technical inaccuracies or typographical errors. All liabilities of the WBA
(and all other organisations who may have contributed to this document) howsoever arising for any such inaccuracies,
errors, incompleteness, suitability, merchantability, fitness and non-infringement are expressly excluded to the fullest
extent permitted by law. None of the contributors make any representation or offer to license any of their intellectual
property rights to the other, or to any third party. Nothing in this information or communication shall be relied on by any
recipient. The WBA also disclaims any responsibility for identifying the existence of or for evaluating the applicability
of any claimed copyrights, patents, patent applications, or other intellectual property rights, and will take no position
on the validity or scope of any such rights. The WBA takes no position regarding the validity or scope of any intellectual
property or other rights that might be claimed to pertain to the implementation or use of the technology described
in this document or the extent to which any license under such rights might or might not be available; nor does it
represent that it has made any effort to identify any such rights. Neither the WBA nor any of the other organisations
who may have contributed to this document will be liable for loss or damage arising out of or in connection with the
use of this information. This is a comprehensive limitation of liability that applies to all damages of any kind, including
(without limitation) compensatory, direct, indirect or consequential damages, loss of data, income or profit, loss of or
damage to property and claims of third-parties.
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1 Executive Summary

The last twelve months have been exceptionally rich for Wi-Fi both in terms of innovation and market adoption boosted
by a favorable regulatory environment. There are more than 18 billion Wi-Fi devices in use today,* and Wi-Fi generates
an economic value of $3.5 trillion.> Wi-Fi remains the dominant indoor technology and enjoys a momentum driven by a
combination of factors. These include: the impact of the pandemic on internet usage (with Wi-Fi traffic doubling?); the
game-changing addition of the 6GHz spectrum band around the world; the rapid commercial availability and market
adoption of Wi-Fi 6/6E and the flurry of innovative services ranging from OpenRoaming™ to Wi-Fi sensing.

The Wi-Fi community in general has achieved an impressive level of collaboration to turn ideas into standardized
solutions in record time. OpenRoaming (which reached its first million hotspots*in 2022) promises to finally unlock the
value of secure Wi-Fi roaming and redefine the public Wi-Fi quality of experience and co-existence with cellular, 10T
and private networks. Other developments—such as OpenWiFi and OpenAFC—promise to disrupt the traditional Wi-Fi
vendor lock-in model and leverage the 6GHz spectrum for outdoor and high-power usage.

The Wi-Fi experience is becoming more deterministic thanks to the combination of technology innovations resulting in
better scheduling and greater interference management. Wi-Fi 7 promises to supercharge Wi-Fi with new techniques—
such as multi-link operation and time-sensitive networking—while leveraging spectrum dynamically with automatic
frequency coordination. Wi-Fi is also increasingly integrated into cellular networks both at the access and core network
levels, as demonstrated with OpenRAN trends for next generation core networks.

Industries from hospitality to healthcare and transportation to smart cities are embracing this predictable Wi-
Fi to support new use cases and business models. They also use Wi-Fi to support their own digital transformation,
empowering their employees and increasing their overall operational efficiency.

As Wi-Fi’s capabilities broaden, align and even exceed cellular, convergence and coexistence between licensed and
unlicensed technologies becomes increasingly necessary. For the first time, the two technologies are targeting a very
similar set of use cases, and together, can often support a highly innovative approach to industrial, enterprise, and
loT applications in scenarios such as smart factories. This trend is being driven particularly by the growth in private
enterprise networks, which often include multiple wireless technologies. This enables operators and enterprises to
select the right technology solution at the right price to meet current and emerging requirements.

Notable Survey Results

The WBA’s annual survey of Wi-Fi stakeholders is one of the sector’s most important indicators of key trends in
technology adoption and monetization. This year, there were 155 respondents, 36% each from North America and
Europe and almost 20% from Asia-Pacific. Key findings from the survey reflect the overall themes of this year’s report,
such as diversifying business models, and key enablers of those, including Wi-Fi 6/6E, and convergence and coexistence.

Highlights include:

e Confidence in the Wi-Fi business model continues to be robust despite global economic uncertainties. Over 46%
of respondents said they were more confident about investing in Wi-Fi than they had been a year ago, while 28%
said there was no change.

e Deployments of Passpoint/OpenRoaming continue to rise, with 62% saying they had already implemented these
capabilities, or planned to do so before the end of 2023, which compared to 40% a year ago. A further 25% expect
to deploy the technology in 2024-2025.

e A wide range of drivers will increase deployment of Wi-Fi, and these are led by seamless access across different
networks, selected by more than 50%; improvement of customer experience while reducing churn; and increase
in traffic offload from cellular networks.

1 IDC & Telecom

2 2021 Study Advisory Services, Wi-Fi AllianceA

3 Cisco

4 https://wballiance.com/announcing-release-3-of-wba-OpenRoaming/
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e Convergence and coexistence are important to current and future commercial strategy. 53% said that convergence
between licensed and unlicensed technologies was critical or important today, and 67% that it would be critical or
important to their future strategies. For coexistence, the figures were 59% and 66%. This is particularly important
in enterprise environments, where 61% said convergence would support enhanced flexibility.

e  The most important way in which Wi-Fi impacts on commercial success today is end user experience, which 90%
placed in their top 3), providing the opportunity to differentiate on quality of experience.

e Wi-Fi 6/6E emerged as the most important area of investment in new connectivity technologies, with 53% having
already deployed it, and 44% planning to do so before the end of 2023. For 5G, the same figures were 30% and
22%. The most important feature driving this high interest in Wi-Fi 6/6E is the ability to access additional spectrum
in the 6 GHz band, as well as OFDMA uplink and downlink.

e Roaming will be an important factor in defining these business models, with 59% having implemented Passpoint/
OpenRoaming on city-wide networks already, or planning to do so by the end of 2023.
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2 Interview with WBA Chairman and CEO

Looking back over the past year, what do you consider to be the biggest
achievements of the WBA?

2022 has been a very successful year for the WBA. In just 18 months post-launch, the number of OpenRoaming™
hotspots has passed 1 million worldwide, including hotspots at a wide variety of venues such as airports, stadiums/
arenas, universities, office buildings and municipalities. Reaching this milestone is a testament to the benefits of
OpenRoaming to all players in the ecosystem - network operators, venue owners, infrastructure vendors, device OEMs
and end users.

The WBA membership continues to grow, adding our 150" member this year. | am pleased to see new members of
all sizes and industries join the WBA. Operators such as Altice, Telia, Turkcell and Telefonica have recently joined the
alliance, along with several new enterprise members including Capitol Corridors, General Motors and Marriott Hotels.

Each year World Wi-Fi Day, an annual WBA initiative to celebrate the great contribution and innovation that Wi-Fi
brings to our daily lives, continues to build momentum. | was excited to see that this year, a resolution was introduced
in the US Congress to recognize World Wi-Fi Day.

These are just a few of the major highlights. Tiago and the WBA leadership team have really accomplished great things
this year.

What will be the biggest challenges for the WBA to address in the year
ahead, and how will these be best met?

First of all, we need to continue to build on the success of 2022 in terms of OpenRoaming, membership and collaboration
with other industry trade associations such as the Wi-Fi Alliance and the Broadband Forum.

For the WBA and the Wi-Fi ecosystem as a whole, | think a real challenge is, as we are rightly excited about the new
capabilities of Wi-Fi 6E and 7, we cannot lose sight of improving the end user customer experience. I'm thinking of
things like improving voice call quality over Wi-Fi by enabling better prioritization, especially on the uplink. Making sure
devices don’t get stuck on slow Wi-Fi when better alternative networks are available. Understanding that installing the
latest and greatest network gear doesn’t automatically translate to a better experience if the backhaul method is too
slow.

These things sound simple, but because they touch many players in the ecosystem, they require a great deal of
collaboration to address. I'm confident the WBA working with our members and industry partners can continue to
improve on these items.

What are the most important evolutions in Wi-Fi technology, which will
expand business opportunities in the next decade?

Wi-Fi 6E, with 1200 MHz of additional spectrum in the US, will have a substantial impact on Wi-Fi performance and
its ability to offer both higher speeds and better reliability/latency performance. The Wi-Fi Alliance has certified more
than 400 6E devices and we are starting to see more Wi-Fi 6E deployments. In addition to the US, more than 60
countries across Americas, EMEA and APAC have, or are considering, making the band available for Wi-Fi.

On the horizon is Wi-Fi 7 (802.11be). Wi-Fi 7 is also known as Extremely High Throughput (EHT) Wi-Fi, because it is
projected to support up to 30 Gbps throughput, about three times faster than Wi-Fi 6. The Wi-Fi 7 standards are being
defined in the IEEE and Wi-Fi Alliance and the expectation is product availability in 2024.
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New business opportunities are also expanding in Industrial 10T (lloT) and Wi-Fi Sensing. In June the WBA released
a paper on lloT exploring how Wi-Fi’s features are ideal for meeting the unique, demanding requirements for a wide
variety of current and emerging lloT applications such as logistics, autonomous mobile robots (AMRs), predictive
maintenance and automated ground vehicles (AGVs). More industries are moving towards the inclusion of wireless
technologies to lessen the cost of obtaining more information about their processes.

In May of this year the WBA published Wi-Fi Sensing deployment guidelines to enable Wi-Fi service providers to
expand into home-based applications using motion detection, gesture recognition and biometric measurement for
healthcare, security, smart homes and more. Wi-Fi Sensing leverages existing Wi-Fi signals to sense motion, enabling a
suite of new applications and revenue streams in markets such as home security, caregiving, enterprise, small business,
and hospitality.

What is your assessment of the progress made by OpenRoaming™ so far?

OpenRoaming is making great progress. As | mentioned, the number of OpenRoaming™ hotspots has passed 1 million
worldwide. In May the WBA announced Release 3 of OpenRoaming that continues improvements in the legal and
commercial framework and provides more automation and self-service tools. With each release, the goal is to make
OpenRoaming easier to adopt, and | think the 1M hotspot milestone proves the WBA is making significant strides to
that effect.

Another important achievement in 2022, was the WBA and the City of Dublin, Ireland successful proof-of-concept trial
in which OpenRoaming was deployed at major venues and busy outdoor locations across the city. The success of this
OpenRoaming trial demonstrates that Wi-Fi is a foundation for creating smart cities. Residents, businesses and visitors
all can depend on the OpenRoaming standard to ensure they have convenient access to seamless, secure, carrier-grade
Wi-Fi connectivity.

How is WBA helping AT&T to support and develop its mobility business,
including Wi-Fi Offload and Wi-Fi Roaming especially considering the
launch of OpenRoaming™?

One of the factors critical to AT&T’s ability to leverage Wi-Fi offload, is the capability to authenticate onto Wi-
Fi seamlessly and securely via Passpoint. The WBA is the industry body that worked tirelessly to make Passpoint a
reality, and Passpoint is one of the key building blocks of OpenRoaming. With OpenRoaming, the number of available
networks that support Passpoint and Wi-Fi offload is greatly increasing.

Additionally, as Wi-Fi networks continue to evolve, notably with Wi-Fi 6, 6E and 7, this is changing the in-building
wireless dynamics by making Wi-Fi a viable, lower cost solution to solve in-building coverage.

Finally, when we come to write the 2024 industry report, what do you
most hope will have been achieved by the WBA, and in the wider Wi-Fi
community?

As 5G and Wi-Fi 6/6E deployments increase, | hope to see real-world instances of network convergence — these
best-in-class technologies being used in concert to deliver a superior customer experience and enable new business
opportunities. Also, that the WBA continues to work with industry bodies to overcome issues that stand in the way of
true convergence between Wi-Fi and 5G.

| expect to see even more types of locations adopt OpenRoaming, including hotels, cafés, trains, planes and connected
cars. As always, my vision is that we have a robust, growing, and active organization that continues to add value to our
membership by delivering projects that equip them to drive real business results.
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3 Interview with Tiago Rodrigues, Chief Executive
Officer at the WBA

The Wi-Fi Industry continues to enjoy substantial growth, what are the key
drivers and enablers behind this?

While the Wi-Fi industry has been enjoying a period of exponential growth in recent years, the global COVID-19
pandemic was also the catalyst to reinforce Wi-Fi as the default technology for broadband connectivity.

The importance of Wi-Fi can be seen across multiple verticals. For example, many enterprises have utilized Wi-Fi
to accelerate the digitalization of processes, services, and manufacturing, while also providing flexibility, improving
overall efficiency, and leading to businesses being more competitive.

Another example is remote work, also known as working from home (WFH), which quickly became the norm at the
onset of the pandemic. In the years since, many workplaces have pivoted to a permanent or hybrid WFH model, leading
to the demand for better home broadband and Wi-Fi connectivity in terms of speed, coverage area and number of
devices connected greatly increasing.

For these reasons, and many others, the evolution of Wi-Fi technology has accelerated, with Wi-Fi 6, Wi-Fi 6E, and
eventually Wi-Fi 7 responding to the need for better and faster connectivity at home, in the office, and on the go. At
the same time, the demand for data uploading and downloading is higher than ever, with the ever-growing number of
available streaming services and video-conferencing tools leading to an enormous increase in usage.

The availability of additional spectrum to Wi-Fi, using the 6Ghz band, will provide extra capacity of multi-giga speed
and accelerate the innovation using Wi-Fi 6E and Wi-Fi 7 capabilities.

What are the most exciting programs the WBA is working on?

It’s important to highlight WBA OpenRoaming™, largely because of its ability to transform the lives of hundreds of
millions of users around the world by simplifying and improving the ability to connect to millions of public-guest Wi-Fi
networks around the world.

In the last two years we’ve seen more than one million (1,000,000+) hotspots get deployed around the world. The
enthusiasm for OpenRoaming that we’ve seen from WBA members, as well as the external positive feedback from
businesses, venues and cities underscores its success, and we will continue to work hard at making OpenRoaming the
default solution for public and guest Wi-Fi.

Another important program is WBA’s Wi-Fi 6E Trials, which showcase the technology and capabilities of the latest
iteration of Wi-Fi while also exploring how non-telco entities such as university campuses, hospitals, hotels, and
stadiums can benefit from it. Our members are also continuing to undertake extensive work and testing around
Residential Wi-Fi, Wi-Fi Sensing, MAC Randomization and loT.

What can you tell us about the momentum the WBA is currently enjoying?

With a record number of members participating in our programs and projects in 2022, and our membership expected
to hit 200 by mid-2023, I'm very confident in saying that this is the best and most successful period for the WBA
since our formation almost 20 years ago. We're continuing to bring companies and organizations together from across
the Wi-Fi industry, while helping our members solve wide-reaching challenges and accelerating valuable business
opportunities.
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Additionally, WBA will soon be undergoing a significant transformation by migrating our legal entity status from
Singapore to the U.S., which is where the majority of our members are based. This move will lead to more efficiency
and opportunities for our organization and our members.

What does the next 18 months hold for the OpenRoaming federation?

When it comes to OpenRoaming, | believe that it will continue to evolve exponentially over the next 18 months, and
beyond. With millions of access points already live, and hundreds of tests happening around the world across multiple
verticals and devices, | predict that OpenRoaming’s growth will lead to thirty million (30,000,000) access points being
available by 2024. OpenRoaming is fundamental in changing the way we connect to Public-Guest Wi-Fi by making it
seamless, easy, and secure while respecting the privacy of users. Today’s reality can be very fragmented and confused,
and it’s time for the Wi-Fi industry to come together and solve these issues with WBA OpenRoaming.

What would you say to those not yet familiar with the work of the WBA?

WBA’s membership includes 6 out of the 10 largest operators and 7 out of the 10 largest technology providers from
around the world, which | believe says a lot about our organization and the importance of becoming a member. These
companies are collaborating under the WBA banner with an overall goal of making Wi-Fi better and more accessible for
every home, enterprise, business and city in the world, and we look forward to playing a key role within the industry for
years to come. If you’re not a member of the WBA, | strongly suggest that you consider it — our membership continues
to grow year after year, and many of your partners, suppliers, customers and competitors have already joined. We
would be honored to have you on board as a WBA member!

4 Key Market Segments and the Impact of Wi-Fi

As widely reported, the pandemic has accelerated the adoption of connected devices in the home and the digitalization
in the enterprises. Wi-Fi is the main enabler of that increased reliance on connected devices and processes. There are
now a staggering 18 billion Wi-Fi devices in use in 2022.°

4.1 Residential Wi-Fi

Since the onset of the COVID-19 pandemic, internet use and the proliferation of connected devices have accelerated
exponentially. U.S. broadband households now own an average of twenty connected devices, including smart home
and consumer electronics, with European households not far behind.® The proportion of high-capacity devices—such
as virtual reality (VR), gaming, and 4K video—is also increasing, requiring higher bandwidth and low latency.

Wi-Fi 6/6E client devices are also entering the home in an unprecedented way, surpassing 50% market share since
their introduction in 2019 (compared to four years for Wi-Fi 5 to have the same penetration). This is happening in the
context of hybrid work-from-home models becoming permanent. There is a greater use of distributed services in the
home—including teleconferencing, online gaming, and video streaming—all which drive internet usage.

5 IDC 2022

6 Deloitte’s Connectivity & Mobile Trends 2021 Survey
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As shown below, emerging applications entering the home require much lower levels of latency and greater throughput.

Figure 1
APPLICATION BANDWIDTH MAX E2E LATENCY
OTT video HD =5 Mbps Not critical for OTT video
OTT video 4K =25 Mbps Not critical for OTT video
4K Gaming =25 Mbps <20 ms
VR/AR HD, 360’ =100 Mbps <20 ms
VR/AR 4K, 360’ =500 Mbps <20 ms

Source: Airties

Airties, a WBA member, reports that during 2021, 65% of home users are connecting to Wi-Fi in new areas of the
home.” This means that ISPs must provide some form of multi-access point offering to ensure coverage. Customer
expectations are changing too with 86% of those surveyed considering that top-tier broadband should come with a
whole-home Wi-Fi guarantee. Airties also shared that 80% of consumers surveyed prefer their ISP to provide Wi-Fi
equipment over purchasing through retail; this represents an opportunity for ISPs to sell Wi-Fi as a service that includes
value-added cybersecurity and parental control.

With over 5 million residential customers, British Telecom (BT), an active WBA board member, knows something about
home Wi-Fi. As a strong supporter of Wi-Fi guarantee, BT’s customers can opt for a single Wi-Fi enabled residential
gateway or can upgrade to “Complete Wi-Fi” for guaranteed coverage in every room with mesh Wi-Fi.?

As subscribers continue to adopt high-bandwidth applications—such as streaming, gaming, and work-from-home—
their need for higher speed tiers only multiplies, and the impact on bandwidth consumption is very apparent. Openvault
reports that the monthly weighted average data consumed by U.S. household in 1Q22 was 513.8 GB (up 11% from
1Q21), and that 50% of broadband users enjoy 200-400 Mbps speeds.’ As shown in the figure below, North American
average data usage (513.8 GB) was just over 2.2x that of European average data usage (230.3 GB). The delta between
the two regions is due to a combination of factors including the fact there are more connected devices per home in the
US and more unlimited bandwidth plans available from US internet service providers than in Europe.

7 2021 survey: Consumer Needs & Expectations for Home Wi-Fi
8 https://www.bt.com/broadband/complete-wifi
9 Broadband Insights Report (OVBI) 1Q22
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Figure 2
European vs. North American Data Usage — 1Q22
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Source: OVBI Broadband Insights Report 1Q22

Source: Openvault Q1 2022 Report

Businesses are eager to have employees return to the office, but surveys show that 82% of U.S. office workers
(approximately 75 million) say that they want to continue to work from home at least one day per week.'® A hybrid
model has formed in which employees will continue to work from home part-time for the foreseeable future, and the
pressure on home Wi-Fi networks will only continue to grow. Fifty-six percent (56%) of the U.S. workforce holds a job
that is at least partially compatible with remote work.

As a result, home networks are also placed under great strain from an increase in work-related video meetings. Online
meeting apps now account for 46% of all work calls, compared to 29% pre-pandemic.!* Even as more employees return
to the office, if their home Wi-Fi is unreliable, it can still hamper remote work strategies.

Extended-Reality (XR): An Emerging Exciting Opportunity

A review of residential Wi-Fi would not be complete without mentioning the emergence of extended realties. Meta
defines the metaverse as a set of virtual spaces which will complement the physical experiences and where people will
be able to create and explore. The metaverse is predicted to operate at “brain speeds” and mostly indoors. It will need
optimal Wi-Fi with predictable low latency and low jitter, as well as “sustainable” throughput. This both enables the
seamless experience as well as optimizes power consumption at the device. By 2026, 25% of people will spend at least
one hour per day in virtual shared spaces, thus driving enormous pressure on home Wi-Fi networks.*?> We discuss the
implications of the Metaverses in more length in section 5.

10 Global Workplace Analytics’ Global Work from Home Experience Survey
11 Employee Workplace Technology Survey, 2022, by CCS Insight
12 Gartner, https://tinyurl.com/yb6g5Ixr
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Figure 3
ESTIMATE THROUGHPUT AND LATENCY FOR VR/AR TECHNOLOGIES

Maximum Maximum L EVAT T

VR
Resolution

Equivalent Interactive

Latency

Throughput Streaming
(Mbsp) Latency (ms)

Resolution

Early VR 30 240p 25 40 10

Entry VR 2K X 2K 30 SD 100 30 10

Advanced VR 4K X 4K 60 HD 400 20 10

Extreme VR 8K X 8K 120 4K 1000-2350 10 10

Source: [Mangiante]

(The targets are shown in yellow.)

Given the above trends, ISPs will need a combination of tools to deliver the expected quality of service to their
customers. These tools include the deployment of Wi-Fi 6/6E routers, the use of mesh techniques to ensure proper
coverage and the power of machine learning and Al to optimize Wi-Fi performance. Several ML/AI technologies are
already deployed that consist of an agent on the router providing analytics to the cloud and an application on the
device for users to manage their Wi-Fi experience.

4.2 Enterprise Wi-Fis

As reported in the WBA’s 2021 survey, 83% of companies reported they deployed or plan to deploy Wi-Fi 6/6E and
that assessment is materializing in all industry verticals. Wi-Fi 6/6E bring more flexibility and capabilities to enterprises
as they embark in their digital transformation. Better radios don’t solve all the Wi-Fi issues faced by customer facing
businesses. Quality of experience can be inconsistent with less than friendly onboarding processes, clumsy captive
portals, increased MAC randomization and other sources of friction. The WBA through its members is working on
addressing all of these issues through a number of programs as shown below:

Figure 4
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In-Flight Connectivity Federated Onboarding Access Network Metrics
{Centinuous Experience) Service for OpenRoaming {Qos)

EZE Qo5 Management
Trial

ing for

New ANQP Elements
Guidelines

Policy & Regulatory Affairs { WRBA Certification Innovation Forum
Work Group Work Gro Task Group Led by CTO Group

Source: Wireless Broadband Alliance
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4.2.1 Hospitality

After two years of drastic reduction in travel, travelers are returning in masses. The hospitality sector had been busy
planning for that return during the pandemic with a greater digitalization of both their customer-facing operations
as well as internal processes. Hospitality is very keen in reducing friction as much as possible given how important
great Wi-Fi is among guests. Passpoint and OpenRoaming can further help these venues improve seamless and secure
connectivity.

In terms of B2B services, the most important vertical to the respondents’ WBA annual survey businesses emerged as
hospitality, which was placed in the top 3 priorities by over 44% of respondents.

BSG Wireless (now part of Single Digits) points out that the hospitality sector has been busy removing as many
friction points as possible, ensuring seamless onboarding for guests. The OpenRoaming initiative will further simplify
connectivity across properties and brands in the years to come. Top brands—such as Marriott, Hilton, and Hyatt—have
recognized next generation Wi-Fi 6/6E as a top priority for their future investments to enable a safe return of their
customers. Now technologies such as touchless and self-service are becoming essential, and we are told that their
adoption has been accelerated by at least five years due to the pandemic. In-room controls, door-locks, mobile keys,
and thermostats are also on the rise for the smart room, and all will be connected with a combination of Wi-Fi and

LPWAN?,

4.2.2 Stadia and Conference Venues

Events, shows, and in-person conferences have finally resumed, albeit not yet at the pre-pandemic levels. Networks in
those dense venues can rapidly become congested if the capacity is not well planned, especially as more people are
connected and engaged with the overall stadia experience.

Stadia and conference venues are excellent showcases of the benefits of using the latest Wi-Fi 6 and 6E generation,
both in terms of performance and onboarding. OpenRoaming was showcased at WBA’s Wireless Global Congress
Americas, GSMA’s Mobile World Congress at Fira de Barcelona Gran Via Venue in Spain, Cisco Live and at Live Nation
BottleRock Festival®®, to demonstrate how venues can join the Wi-Fi federation and enable a better Wi-Fi experience
for their guests.

An interesting use case for Wi-Fi in challenging and dense environments is that of theme parks. Universal Creative—a
Comcast company responsible for design and delivery of exciting new theme park rides around the globe, provided
useful insights about Wi-Fi planning and expectations in their theme parks which are used both as part of their
operational network as well for guest experience. Wi-Fi access points are integrated on ride vehicles at least two years
before a new ride is opened and provides ride communications. The challenges faced by Universal to use Wi-Fi in this
environment are many:

e High density

¢ High-speed communications

e Ride stops if loss of communication

e Can’t have dropped packets during a roam

e Requires high hardware reliability in a challenging environment
e Requires theming of the access points so guests can’t see them

e Shared frequencies

As these current challenges are resolved, Universal envisions future rides will include a full immersive experience,
thanks to AR/VR, when the technology becomes more mature.

13 Low power wide area networks
14 https://wballiance.com/guest-blog-mwc-barcelona-a-behind-the-scenes-look-at-the-numbers/
15 https://www.cisco.com/c/en/us/about/case-studies-customer-success-stories/live-nation-entertainment.html
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4.2.3 Retail (Including Coffee Shops and F&B)

Retail is quickly recovering from the last two years of disruption. The ease and convenience of online shopping have
forever changed customer expectations when they enter a retail establishment. Since today’s in-location customers
use mobile devices for myriad reasons—comparing prices, researching products, accessing social media, etc.—Wi-Fi
technology plays an essential role in their experience. Retailers have to evaluate the timeline to refresh their Wi-Fi
infrastructure and their captive portal, engagement, and analytic tools. Home Depot, a member of the WBA, is a great
example of how good Wi-Fi can make the difference in customer and staff experience.

Home Depot is an American home improvement retail corporation that sells tools, construction products, appliances,
and services. Home Depot is the largest home improvement retailer in the United States. In 2021, the company had
490,600 employees and more than 2,200 stores and growing. Home Depot uses Wi-Fi to empower its store associates
to help customers find an item or price or answer any other questions. Wi-Fi can also be used within Home Depot
to create VR experiences to design a kitchen or any type of renovation. The use cases are limitless provided the
technology is able to provide the latency and throughput required.

Home Depot stores constitute challenging RF environments with steel structures, moving parts, and the sheer size
requiring coverage. Mobility is a very important feature that needs to be supported by Wi-Fi requiring seamless
roaming across many access points. Optimizing such a complex Wi-Fi network requires greater levels of scalability and
automation to fine tune thousands of access points with an open management platform that has open APIs. Wi-Fi 6
and 6E can solve part of the problem because of their superior performance and ability to connect many loT devices
of the same type in this quasi-industrial environment.

Comcast, a WBA member, revealed that 87% of U.S. small business owners now feel more prepared for a new pandemic,
and 79% consider themselves more tech savvy. In Turkey, WBA member Turk Telekom has launched managed Wi-Fi to
SMBs (small and mid-sized businesses) and revealed that securing guest Wi-Fi was the original driver for SMBs to adopt
managed Wi-Fi. Features such as analytics and marketing came subsequently, indicating that a solid Wi-Fi foundation
can deliver a suite of new revenue-generating services for ISPs.

4.2.4 Aviation (Airlines, Airports, and Supporting Infrastructure)

Travelers are back in full force and airlines are struggling to meet the demand. The global fleet size is expected to double
by 2035, reaching 45,000 planes across all manufacturers.*® According to Deutsche Telekom, 60% of passengers feel
that being connected is a necessity, not a luxury. One way to improve customer experience is to improve what is still in
many cases a poor in-flight connectivity experience. With new satellite capacity coming online, and more air-to-ground
services becoming available, there are increasingly fewer impediments for airlines to offer internet connectivity. For
example, the capacity feeding the plane is increasing to reach 80Mbps in the European network.

The OpenRoaming federation allows users to connect to multiple networks throughout their journey. In addition to
any OpenRoaming subscription the user has on their device(s), there is a prime opportunity for airlines themselves to
become identity providers and to distribute their own subscription profiles to their passengers.

MNOs (mobile network operators) have the option to pay to get access to in-flight Wi-Fi for their customers while
identity providers can provide pre-provisioned Wi-Fi access or promote airline app adoption thanks to passenger
identification. While not yet the case, a common Roaming Consortium Organization Identifier (RCOI) across all airlines
would be an ideal objective to move the industry forward. The WBA presents the new business models made possible
for the various stakeholders in its latest In-Flight Wi-Fi report®.

4.2.5 Ground Transportation (Rail, Buses, Metro and Trams)

Urban mass transit systems have exploded in recent decades as the world’s population has rapidly urbanized. Mass
transit contributes to the density and clustering that drives innovation and productivity, extending the boundaries of
cities’ metro areas while creating opportunities for denser development around suburban stops. Worldwide, mass

16 Boeing Market Outlook

17 https://wballiance.com/in-flight-wi-fi-connectivity/
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transit carried 53 billion passengers in 2020 according to the International Association of Public Transport*®. Connecting
these massive numbers of commuters and travelers can have a huge impact on quality of life and productivity. It is
also challenging to put together all the pieces required from the infrastructure to access rights and funding for such
CapEx intensive projects. This can only happen if partnerships involving transport utilities, cities and communication
service providers work together to deploy the infrastructure and find ways to monetize those investments. Wi-Fi is a
primary radio technology for these deployments both for underground mass transport as well as buses in which the
traffic can be backhauled by cellular networks. OpenRoaming is designed to drastically simplify how passengers and
staff connect to the network, with no lengthy and repetitive sign-up or connection process required. From carriage to
platform to subway and beyond, connecting to the network happens simply and securely without any further actions
needed from the user.

4.2.6 Smart Transportation & Connected Vehicle

Smart transportation and connected vehicles are also seeing major developments with leaders like General Motors, also
a member of the WBA. Use cases are plenty, ranging from cars acting as hotspots and including seamless convergence
with 5G at vehicle speeds, to enabling the phone as a car key. Inside the vehicle, electronic controller units could be
connected wirelessly which can have a great impact on fuel efficiency (given that cables represent 60% of the mass
of the vehicle). OpenRoaming offers possibilities for electric vehicle charging stations as well as seamless onboarding.

Anotherinteresting example is the deployment by Cityroam and Telhi Corporation of OpenRoaming on sightseeing buses
in Ibaraki Prefecture, Japan. Cityroam is providing the roaming infrastructure for the newest innovation smart poles
in Nishi-Shinjuku by the Tokyo Metropolitan Government (TMG) and has expanded the network with OpenRoaming.*®

4.2.7 Industrial and Manufacturing

Enterprise networks are good examples of converged networks where a mix of Wi-Fi, cellular, and proprietary wireless
systems are used and managed. Increasingly, those private networks require a solution that hides the complexity from
the IT/OT?° organization, using machine learning to solve anomalies and automate complex decisions. Enterprises need
network visibility and service assurance while leveraging the cloud to scale. Policy engines can help manage access
across multiple RANSs, giving the enterprise complete control of who can access its network and manage their profiles,
as well as guaranteeing security and quality of service.

Wi-Fi 6/6E combined with Multi-access Edge Computing (MEC) brings a set of capabilities that are suitable for
manufacturing and industrial environments. Wi-Fi 6/6E provides many deterministic QoS capabilities, such as the
traffic prioritization that is a key component of Time-Sensitive Networking (TSN) for Industry 4.0 applications. TSN,
defined in IEEE 802.1 TSN TG, enables single-digit (ms) latencies required by many industrial applications that require
real-time action. The WBA published “Wi-Fi 6/6E /6E for Industrial loT: Enabling Wi-Fi Determinism in an loT World.”
Which explores how Wi-Fi’s latest features are ideal for meeting the unique, demanding requirements for a wide
variety of existing and emerging lloT applications. This includes manufacturing/Industry 4.0 and logistics, involving
autonomous mobile robots (AMRs), automated ground vehicles (AGVs) and predictive maintenance.

4.2.8 Education

The education sector is one of the fastest growing sectors when it comes to Wi-Fi deployments. As a result of the
pandemic, many governments have decided to fund large-scale deployments of Wi-Fi networks in schools and
distribution of PCs and tablets in order to facilitate distance learning and new ways of education. Wi-Fi solutions
enable more dynamic educational experiences, the use of new applications to immerse and inspire, and the ability
to help bridge the digital divide between kids. Immersive AR/VR experiences are emerging to enable more dynamic

18 https://www.uitp.org/

19 https://wballiance.com/wp-content/uploads/2022/06/WBA_OpenRoaming-CityRoam_Case-Study_2022.pdf
20 Operational team (OT)

21 https://wballiance.com/latest-wba-report-sets-out-how-wi-fi-6-6e-enables-industry-4-0/
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learning—students and teachers can move freely around their classroom or campus through peer-to-peer connections
or multiple access point (AP) systems, ensuring that everyone is engaged and connected even outside the classroom.
Key to delivering this vision is great network connectivity (Wi-Fi 6E and Wi-Fi 7) and the Wi-Fi 6E/7 end user devices
and equipment. The IPV and Cityroam case studies presented in section 11 of this report provides details of how
eduroam and higher education are leveraging both OpenRoaming and WiFi 6E.

4.29 Healthcare

Healthcare can also use Wi-Fi to improve health outcomes for patients as well as their overall experience while in the
facility. With the right platform, hospitals can create a customized Wi-Fi experience for each type of user: medical staff,
non-medical staff, patients, and visitors, each with their own level of access rights, security, bandwidth consumption,
and relevant features. Such tiered access can help hospitals increase staff productivity, generate new revenue streams,
and improve their overall patient and visitor experience. A couple of recent examples include: Adventis Healthcare
in the US has deployed OpenRoaming to improve medical staff productivity and experience as well as the focus on
patients and visitors. In future they would like to address way-finding in large hospital campuses, from the car park
to the appointment location for non-resident patients and visitors. Another example is an East coast US healthcare
institution which deployed OpenRoaming across their facility and in the first year saw stunning results: recording 1.05
petabytes of traffic, 3.1 million connections, 234,000 unique users and 146min average session duration. A significant
impact when you consider the link between a patients’ ability to get online and the role that connectedness can play

in their successful recovery.

4.2.10 Multi-Dwelling Units

Managed Wi-Fi represents a huge and booming opportunity for service providers to secure a long-term revenue
opportunity within a property. To residents, managed Wi-Fi means a better overall connectivity experience with
predictable and superior performance, coverage, and security. It also means that, thanks to Wi-Fi calling, mobile
coverage issues are resolved. Residents can also enjoy the much-desired benefits of a connected smart home without
having to deal with the complexity of managing loT devices themselves or being locked into a separate internet
contract.

For property owners and managers, managed Wi-Fi translates into more revenues and better operational efficiencies,
which thenresultin better net operatingincome (NOI). They canincrease the value and retention rate of their properties
and deploy facility IoT to automate select processes, reduce waste, and empower their staff with the appropriate tools
to be more effective.

4.3 Connected Cities & Public Spaces

Smart cities and city-wide public Wi-Fi networks figured prominently in the results of the WBA’s annual survey of
Wi-Fi stakeholders. In this year’s survey, 40% of the 155 respondents said that smart cities would be a top 3 location
for Wi-Fi traffic growth in the coming year, surpassed only by transportation hubs. This expected growth in usage will
generate high volumes of monetizable traffic, and 58% of survey respondents are involved in a city-wide public Wi-Fi
deployment, or plan to be so in the next 1-2 years. Of those, 36% have already rolled out services, and 44% will do so by
the end of 2023. There are concerns about establishing a firm business model in some scenarios, especially for outdoor
locations —where the majority of the organizations expect to focus the most effort. But enablers such as OpenRoaming
and improved uplink performance will help to improve quality of experience in city networks and enable them to
support new revenue streams, with the largest percentage of deployers (46%) favoring a model of free access for end
users, funded by sponsorship.

Connectivity has become the “5t utility,” and connecting smart cities brings its own set of opportunities and challenges.
Opportunities abound because massive funding is finally materializing to provide connectivity to low-income citizens
and reduce the urban digital divide. As an example, 15% of households with school-age kids don’t have internet at
home in the U.S.%, let alone in the rest of the world.

22 https://www.pewresearch.org/fact-tank/2020/03/16/as-schools-close-due-to-the-coronavirus-some-u-s-  students-face-a-digital-homework-gap/
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Citizens also demand greener cities with lower carbon footprints because of the climate crisis. And the global pandemic
has accelerated the adoption of digital technologies by five to seven years—but in this case, funding is an issue, and
cities are pressured to do more with less. Connectivity is the foundation for many smart city applications that combine
multiple radio access technologies, edge devices, |oT, storage, and processing. Wi-Fi and LoRaWan are examples of
technologies used in combination to provide indoor and outdoor tracking in a cost-effective way. OpenRoaming is also
a driver for enabling market participants and brands to get involved, opening the path to monetize smart city projects
with marketing and analytics.

We know that politics play a big role in slowing down innovation and that city departments tend to run in silos. But
things are moving, and the cities of Dublin, Calgary, and San Jose are good examples of projects being made possible
by political will.

4.4 Rural Wi-Fi

Despite its widespread use, a significant portion of the global population still is not connected to the internet, and in
certain areas of the world, the number of unconnected people skews towards higher percentages. In its 2020 report,
Measuring Digital Development Facts and Figures, the International Telecommunication Union (ITU) revealed that
internet penetration is close to 90% in developed economies, but as low as 19% in the least-developed countries.?

There are various reasons why these rural regions have a high percentage of unconnected people; those reasons range
from political to economic to social. The lack of computer literacy and PC ownership are important causes, even if a
great part of the population access the internet from a handheld device.

Perhaps the most outstanding program aimed at reducing the digital divide between citizens is the Infrastructure
Investment and Jobs Act in the U.S. This Act includes a significant investment of $65 billion to ensure that all Americans
have access to reliable, high-speed, and affordable broadband. One of the consequences of this funding is the
deployment of fiber across the country. With fiber now accounting for more than 20% market share (compared to
just over 10% in 2014), ISPs need to ensure that they quickly deploy the latest Wi-Fi technology infrastructure to avoid
bottleneck of capacity in the last meters.

One technology force driving access to Wi-Fi in rural areas is the innovation TIP (Telecom Infra Project) OpenWiFi.
By disaggregating the hardware with the service, TIP OpenWiFi promises to bring the benefits of software-defined
networks into wireless networking. The TIP approach to OpenWiFi creates an open-source disaggregated technology
stack without any vendor lock-in. This will make Wi-Fi more affordable in price-sensitive markets such as villages in
India and schools in Kenya.

23 https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
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5 Wi-Fi Technology Evolution

Wi-Fiinnovation and adoption are accelerating to meet the exponential demand for Wi-Fi. More than 3,000 connected
products have now been Wi-Fi 6/6E certified. There are nearly 400+ devices and access points supporting Wi-Fi 6/6E,
including more than seventy laptop models and dozens of smartphones and smart televisions. Most, if not all, of these
devices contain hardware that is capable of operating over the entire 6GHz band.*

The market responded very well to the introduction of Wi-Fi 6/6E. IDC reports that there have already been 2.3 billion
Wi-Fi 6 shipments since Wi-Fi 6 was introduced in 2019. Qualcomm reports that Wi-Fi 6 and Wi-Fi 6E now represent
more than 40% of its platform shipments, while Broadcom says they already shipped one billion Wi-Fi 6 and Wi-Fi 6E
chips. Intel predicts that by year-end 2022, 30% of its mix will be Wi-Fi 6E. The same level of market dynamics can be
seen among access point vendors despite the huge supply chain challenges still affecting the industry.

A number of leading operators have also launched Wi-Fi 6/6E initiatives—including Comcast, Orange, and Turk
Telecom—with gigabit Wi-Fi offerings.

While the discussion is now turning to Wi-Fi 7 which leverages the work done on Wi-Fi 6/6E and the abundance of new
6GHz spectrum, the industry wants to take advantage of the capabilities and performance provided by Wi-Fi until Wi-Fi
7 becomes commercially available in the next 24 months.

On top of the IEEE standardization work, innovation is happening at a furious pace to improve the performance and
reliability of Wi-Fi and support new use cases and applications. Latest features being introduced and standardized
range from Wi-Fi sensing to mesh, from increased security to OpenRoaming, thanks to the work of WBA member
companies and those of other standards bodies including IEEE and Wi-Fi Alliance.

5.1 Key Updates on Wi-Fi Standards

The IEEE has been working on the next generation 802.11be extremely high throughput (EHT) (also known as Wi-Fi 7),
with an overall goal of improving the quality of experience for real-time applications.

The market is increasingly asking for Wi-Fi to provide increasingly higher speeds and capacity but also to become
more deterministic and more predictable to support the emerging use cases from AR/VR to 4K televisions and guided
robots. The work of the IEEE is to respond to these market demands and turn them into standardized features.

Among the most mature features under consideration for EHT are:
PHY layer:

e 320 MHz channels
e 4096 QAM
e 16 spatial streams

e Multi Resource Unit (RU) puncturing to protect incumbents

24 https://www.wi-fi.org/news-events/newsroom/wi-fi-6-and-wi-fi-6e-drive-global-market-opportunities
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Figure 5
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Source: Wireless Broadband Alliance
On the MAC layer, the most mature feature is multi-band/link multi-channel aggregation and operation.

Multi-Access Point (AP) Coordination (e.g., coordinated and joint transmission)—with a goal of reducing overlapping
basic service sets (BSS) and minimizing collisions over the air—is not mature yet and will most likely be included in the
successor to the be 802.11be amendment.

In terms of the timeline, the IEEE expects board approval by May 2024, with official standardized Wi-Fi 7 devices
entering the market from 2025 onwards. However, chipsets for Wi-Fi 7 have been available for several months, and a
router was released in June 2022 by China-based network technology vendor H3C using Qualcomm chipsets.

The work on the 802.11bf standard for Wi-Fi sensing is continuing and is covered in more details in section 4.4.1.
Other relevant work from the IEEE includes®:

e 802.11az-2nd generation positioning

e 802.11bb-Light Communications

e 802.11bc-Enhanced Broadcast Service

e 802.11bd-Enhancements for Next Generation V2X

The IEEE continues to explore future work with a longer time horizon which includes a) Opportunities for Ambient
Power that could be used in 802.11ah (Wi-Fi HaLow) and b) A new study group for the successor to Wi-Fi 7.

25 https://grouper.ieee.org/groups/802/11/index.shtml
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5.2 Key Technology Innovation

5.2.1 Evolution to Deterministic Wi-Fi

Wi-Fi needs to not only deliver more speed, but it also needs to become more predictable, and “deterministic.” As
Matt MacPherson, Wireless CTO at Cisco and member of the WBA Board, explained: “The goal is to increase Wi-
Fi determinism and enable reliable communication while meeting application latency/jitter requirements.” This is
especially important for use cases that require very low latency as in industrial applications and virtual spaces. This
determinism can be achieved when tackled at both the stack capabilities and interference management level.

e  Stack capabilities: This is where traffic scheduling and policy occurs—synchronization between access points.

¢ Interference management: Protecting and isolating spectrum utilization; providing control of collisions and radio
resource management (RRM)

As mentioned previously, an important area of new research is Time-Sensitive Networking (TSN), defined in IEEE 802.1
TSN TG.

New concepts being developed to reach greater determinism include policy-based wireless service level agreement
(WSLA), multi-link operation (MLO), and multi-link devices (MLDs). The multi-link operation (MLO) is a new feature
proposed to be part of the IEEE 802.11be Extremely High Throughput (EHT) amendment. Through MLO, access
points and stations will be provided with the capabilities to transmit and receive data from the same traffic flow over
multiple radio interfaces. An EHT device that is capable of MLO is called a multi-link device (MLD), while a legacy device
supporting SLO only is called a single-link device (SLD).

Figure 6: The Path to Wireless Determinism
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Another path to ensure wireless determinism is providing seamless transition back and forth between Wi-Fi and
mobile networks as needed by applications, even when traveling away from or towards a trusted Wi-Fi network. This
approach championed by Kyrio, a WBA member and part of Cable Labs, favors steering traffic on an application-aware
basis to the best network for that application, without packet marking.

5.3 ID Management

The WBA community has been looking at the issues of MAC address anonymization for quite some time. It has identified
a list of potential impacts of these changes to existing systems and solutions that can be explored to overcome the
dependency on MAC addresses. The WBA hopes this work can help towards defining a mitigation path and the
necessary steps required to update the Wi-Fi network ecosystem.

Subsequently, the WBA members have also agreed on a priority set of use cases that a Wi-Fi identification standard
should address and have performed the market requirements analysis and matching technologies able to scale and
achieve longer term sustainability of deployed services. More on how OpenRoaming deals with identity management
is discussed in section 6.

5.4 Wi-Fi Enablers

Wi-Fi standards provide a good foundation for further innovation to flourish and enable new use cases based on Wi-Fi.
In this section we provide an update on some of the most notable Wi-Fi enablers.

5.4.1 New Possibilities with Wi-Fi Sensing

Wi-FiSensingis a new technology that uses existing Wi-Fi signals to enable various applications in which the environment
and subjects therein are sensed (e.g., motion detection, gesture recognition, and biometric measurement). Wi-Fi
Sensing operates similarly to a radar system, detecting motion and providing information that can be used to enable
new Wi-Fi-based services. Standardization is important to enable vendor compliance and ensure compatibility among
different vendors. Service and technology providers rely on utilizing a fixed set of features to provide their solutions
efficiently and reliably.

The IEEE 802.11bf amendment will enable stations to inform other stations of their WLAN-sensing capabilities and
request and set up transmissions that allow for WLAN-sensing measurements to be performed, among other features.
WLAN sensing makes use of received WLAN signals to detect features of an intended target in a given environment.
The technology can: measure range, velocity, and angular information; detect motion, presence, or proximity; detect
objects, people, and animals; and be used in rooms, houses, cars, and enterprise environments.

The IEEE 802.11’s task group, TGbf, was formed in October 2020 and the overall 802.11bf standard project completion
goal is September 2024. The actual deployment of the standard may take place as early as the end of 2024.

There is work required by other industry groups. Chipset vendors will need to implement the required protocols and
functionality on their silicon. The open source and driver development community will need to add support for the
802.11bf features into the chipset drivers. The Wi-Fi Alliance will also be required to create a test and certification
program for the features described in the 802.11bf standard, ensuring that the chipset vendor implementations are
compliant.

The WBA has identified Wi-Fi Sensing opportunities within the home security, healthcare, enterprise, and building
automation/management markets, among many others, while also creating a bridge for Wi-Fi service providers to
enter these markets.
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The WBA Work Group is focused on enhancing services, applications, connectivity, and customer experience. Part of
the Group’s work has also been publication of the Wi-Fi-Sensing whitepapers, which highlight technological gaps that,
with standard support, could further improve the technology. The latest Wi-Fi-Sensing deployment guidelines® follow
the 2020 Wi-Fi Sensing whitepaper and Wi-Fi Sensing Test Methodology work. It is noteworthy that many service
providers are already bringing a non-standardized version of Wi-Fi Sensing to create more “stickiness” to their service

offering and avoid being left behind.

5.4.2 Multi-AP solutions for residential

With the advent of widespread video streaming and video conferencing, the demand for bandwidth within the home
has increased significantly. A Wi-Fi connection of just a few Mbps to any one device is no longer adequate for many
consumers. The present goal for in-home Wi-Fi providers is to provide 10s or even 100s of Mbps to any device in any
room in the house, and even beyond the garage/garden; in many cases, this cannot be achieved with a single access
point. As a result, multi-AP Wi-Fi in the home is becoming an essential proposition to meet customers’ expectations.
Customers also expect that Wi-Fi will be easy to set up and operate even if they have no knowledge or understanding
of the technology. However, in this respect, multi-AP systems are quite different from simply plugging in a single AP
and using default configuration.

To help operators and other providers of in-home Wi-Fi understand the advantages and differences of multi-AP
systems, the WBA published the In-Home Wi-Fi Multi-AP Solutions Trial report.?” This publication examines those
features beyond the capability of a single AP that are specific to multi-AP systems. The key areas of testing relate to
the installation, ease of onboarding additional AP’s and client devices; automatic network optimizations and problem
remediation; and ongoing management and diagnostics.

5.4.3 New Realities

According to new data from the International Data Corporation, shipments of augmented reality and virtual reality
(AR/VR) headsets exceeded 11 million units in 2021. This represented a year over year worldwide market increase
of 92.1%.%8 New entrants as well as broader adoption from the commercial sector will propel the market further as
headset shipments are forecast to grow 46.9% in 2022. Through 2026, they will experience double-digit growth as
global shipments of AR/VR headsets are forecast to surpass 50 million units with a 35.1% compounded annual growth
rate (CAGR).

26 https://wballiance.com/resource/wi-fi-sensing-deployment-guidelines/
27 https://wballiance.com/resource/in-home-wi-fi-multi-ap-solutions-trial-report/
28 https://www.idc.com/getdoc.jsp?containerld=prUS48969722
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AR and VR will be at the center of digital transformation, and commercial and consumer spending will increase by an
additional 80%, according to this report. Virtual and augmented reality hardware will comprise more than half of the
projected spending. Virtual reality applications abound, even being used to help heal soldiers with PTSD.?

For this vision of AR/VR to reach its potential, the building blocks must be in place starting with a deterministic Wi-Fi
with minimum latency and maximum throughput. More is discussed in section 4.4.8.

544 Wi-Fi &loT

With the advent of Wi-Fi 6/6E and its features aimed at supporting a great number of devices, Wi-Fi has become well
positioned to serve the lIoT market. Wi-Fi 6/6E is ideal for connecting the smart home, and a notable benefit for loT is
a feature called “Target Wake Time” (TWT), helping ensure that client devices can save power and extend their battery
life—a critical advantage for loT devices. Wi-Fi 6/6E uses a combination of technologies—including OFDMA and 1024
QAM modulation—to improve spectral efficiency, boost speed, and support many devices in a confined area. The latter
is now an important consideration in the home where many appliances and other loT devices are connected to the
home hub and several users may be consuming high quality video, gaming, or AR/VR at the same time.

Wi-Fi 6/6E can now also support many of the requirements for industrial use cases, with enhancements to latency,
determinism, and power efficiency. In a smart factory, Wi-Fi might deliver the optimal cost/performance for high
bandwidth cameras that power augmented reality services. Further, Wi-Fi HaLow might be optimal for machinery
monitoring which needs very low power and low bandwidth.

29 https://www.nbcnews.com/mach/innovation/how-virtual-reality-helping-heal-soldiers-ptsd-n733816
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The WBA published a whitepaper Wi-Fi 6/6E for Industrial [oT* that examines how Wi-Fi can be used in industrial loT
(loT) to improve economic value by connecting machines, materials, people, processes, products, and services. The
paper looks at the use of Wi-Fi 6 and 6E to support emerging lloT use cases and the technical requirements for each.
The conclusion is that whether an industrial application is an autonomous mobile robot (AMR) with heterogenous
cellular access or a Wi-Fi safety control unit, industry can integrate these wireless technologies today into their logistics,
control, and manufacturing processes. And thanks to the performance of Wi-Fi 6/6E systems, industry can achieve the
desired operational outcomes. The Wi-Fi 6/6E systems provide:

e Bounded low packet latency

e  Controlled packet jitter

e Improved reliability

e Wi-Fi Time-Sensitive-Network (WTSN) capability

For use cases that require both determinism and ultra-high speed, up to 1.2GHz of spectrum is now accessible with
Wi-Fi 6E. This provides multi-Gb/s data rates that key applications such as industrial AR/VR/MR, on-board video, and
sensor fusion require to be scalable.

So, whether it’s operating a fleet of high-tech robots or the more mundane task of collecting terabytes (TB) of factory
floor analytics, Wi-Fi 6E clearly has a prominent place in the future of industrial automation and logistics, and by
extension, mission-critical enterprise.

It is noteworthy that the WBA and the LoRa Alliance performed a number of trials that demonstrate how the two
technologies complement each other to enable a seamless transition between indoor and outdoor deployments. Use
cases for the combined technologies include smart buildings and hospitality, smart city, indoor and outdoor asset
tracking, and more.

The WBA Wi-Fi 6E for Industrial 1oT group moved forward and performed real live proof-of-concepts of the multiple
use cases mentioned during 2022.

5.4.5 Multi Access Edge Computing (MEC)

Multi-access edge computing (formerly mobile edge computing) is an ETSI-defined network architecture concept that
enables cloud computing capabilities and an IT service environment at the edge of the cellular network and, more in
general, at the edge of any network. Given the amount of data generated at the edge by mobile and upcoming loT
devices, it becomes impractical to transport all that data back to a central server for processing. Moreover, many of
the emerging applications—such as AR/VR—require very low latencies which are only possible to deliver with MEC. If
Wi-Fi is to deliver single digit millisecond latencies, it will not only need to continue improving its performance as we
saw in the features promised by Wi-Fi 7, but also make use of processing, data, and storage closer to the device.

There could also be other reasons why the data has to be kept locally, such as regulatory and privacy motives. If
the data is stored locally, this also has storage and compute implications, and more capabilities will be needed on
the premises. A great variety of MEC implementations can be imagined from private to telco to neutral MEC; from
on-device, premise, access point, tower, metro, etc. Technical, business, and legal requirements will dictate what
architecture is most suitable.

The WBA MEC project is part of the 5G work group. In this project, the WBA will include the analysis of the use
cases that necessitate the exposure of radio-network-related information from Wi-Fi access networks, and possible
definition of a Radio Network Information Service (RNIS) API for supporting Wi-Fi use cases. The industry will benefit
from the finding of issues associated with exposing and/or normalizing different delays and/or averaging algorithms
which will likely need cross industry analysis, including:

e  Practical MEC objective and deliverable

e Analysis of the use cases that necessitate the exposure of radio-network-related information from Wi-Fi access
networks

30 https://wballiance.com/resource/wi-fi-6-6e-for-industrial-iot/
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e Recommendation on the MEC arena, setting the scene for future work
e  Possible definition of an RNIS API for supporting Wi-Fi use cases

More information is available at https://wballiance.com/multi-access-edge-computing/

5.4.6 The Power of Microservices

A review of technology enablers would not be complete without mentioning the critical role that software-defined
architectures play in the new era of cloud-based services. Software-defined networking (SDN) technology is an approach
to network management that enables dynamic, programmatically efficient network configuration in order to improve
network performance and monitoring, making it more like cloud computing than traditional network management. It
also enables the faster introduction of new software features and services.

In simple terms, the SDN architecture is composed of an infrastructure layer (access points, switches, hardware)
managed by a control layer (controller, soft switch, etc.) which is connected to an application layer (series of APIs). The
control layer enables the application layer to make an “abstraction” of the infrastructure layer, thus enabling quicker
and simpler development of new applications that run on top of the control layer. In the case of Wi-Fi, this means
access points can be managed by a cloud-based controller and access a full suite of a la carte microservices available
with APlIs.

While virtual machines virtualize hardware, docker engines virtualize operating systems enabling the creation of
isolated secure lightweight containers which run on different operating systems and act like microcomputers using the
same kernel. Microservices are applied on these containers which make it easier to test, launch, and update without
causing issues with other applications. Cloud-based Kubernetes enables dockers’ orchestration to be deployed making
scaling of new services much easier.

The Wi-Fi service management layer also needs to be more flexible. The Wi-Fi industry has seen more innovative
developments in recent years than in the last decade. The question is: how can service providers keep up with these
rapid developments?

Service providers traditionally needed to invest much time and resources before introducing new Wi-Fi services and
software features with homegrown systems. With Wi-Fi as a service, microservices are now based in the cloud, and
service providers can cherry-pick which one to deploy. WBA member Enea recently launched a complete Wi-Fi service
management Saa$ for carriers.

With Enea Aptilo Service Management Platform as a service (SMP-S) , each telco client will get their own individual
platform hosted on Amazon Web Services (AWS). It also introduces a great deal of cost flexibility for carriers in that
it allows a pay-as-you-grow model as well as gradual expansion of features and functionality. “As the network grows,
CSPs can pick and choose functions that complement their existing solution so that they do not need to perform a
costly replacement of their entire system. CSPs can now add new enhanced Wi-Fi service management functions over
legacy services from the Cloud for the first time,” Enea says.*!

31 https://tinyurl.com/28knz77b
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The graphic below demonstrates the architecture of the new Aptilo SMP-S as an expansion of existing platforms and
with optional integration points.

Figure 8
ENEA
Aptilo Wi-Fi SMP Cherry-pick the
as a service functions you need!
Open Passpoint SIM loT B2B
Roaming Onboarding Authent. Onboarding Services Examples
= : of added
). @ : functionalities
: Jaja
Legacy . . . Gateways
Systems Existing Legacy Wi-Fi Service Management —=
oo =] (®)
=
L sl
Care
Systems {@} ——

L o

Source: Enea

5.4.7 The Metaverses

We can define a “metaverse” as a collective virtual shared space, created by the convergence of virtually enhanced
physical and digital reality. In simple terms, the metaverse is deemed to be the future of the internet: a massively
scaled, interactive, and interoperable real-time platform comprising interconnected virtual worlds where people can
socialize, collaborate, transact, play, and create. It is persistent, providing enhanced immersive experiences, as well as
device-independent and accessible through any type of device, from tablets to head-mounted displays.

According to Gartner, Inc., by 2026, 25% of people will spend at least one hour a day in the metaverse for work,
shopping, education, social interaction, and/or entertainment.
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The metaverse will impact every business that consumers interact with every day. Businesses will not need to create
their own infrastructure to do so because the metaverse will provide the framework. In addition, virtual events
that have gained popularity over the last eighteen months will offer more collaborative and immersive networking
opportunities and workshops.

Enterprises will make extensive use of metaverse technology. As a result, there will be a wide range of products and
services sold into various markets, vertical and horizontal.

For example, in e-commerce, the metaverse provides a whole new revenue stream for digital goods in a synchronous
way instead of the current traditional 2D way of clicking and buying. In human resources (HR), significant training
resources will be done with VR and AR that are over-laying instructions in a real-world environment and giving
somebody a step-by-step playbook on how to put a complex machine together or run a device or try a new product.
All will be done with virtual objects at the heart of the metaverse. In the sales/marketing arena, connecting with
customers virtually and sharing the virtual experience of the product or service will be common and familiar, similar to
our virtual meetings during the past two years in the middle of COVID. But the metaverse will make it more real and
more productive.

Finally, similarly to cloud computing, we will have private-metaverse, hybrid-metaverse, and public-metaverse with
all possible applications and services in each type. Companies will benefit from all options based on their capabilities
and needs. The main goal here is to reach Metaverse as a Service (MaaS) and add a label of “Metaverse-Certified” on
products and services.

Given that most of the metaverse will occur indoors, Wi-Fi will have a dominant role to play, underlining the importance
of the 6 GHz spectrum and driving demand for Wi-Fi 6E, Wi-Fi 7 and beyond.. The metaverse as we previously indicated
requires a predictable and consistent low level of latency, low jitter, and very high throughputs to support the rendering
at both the local and wireless levels, capabilities that Next Gen (deterministic) Wi-Fi delivers.
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5.4.8 Other enablers

The list of technologies which improve the value of Wi-Fi can be quite long but the following developments are worth
mentioning

TIP Open Wi-Fi

By disaggregating the hardware with the service, TIP OpenWiFi promises to bring the benefits of software-defined
networks into wireless networking. The Telecom Infra Project (TIP) OpenWiFi is an open-source community project that
believes in democratizing premium Wi-Fi experiences for multiple market use cases. The TIP approach to OpenWiFi
creates an open-source disaggregated technology stack without any vendor lock-in.

OpenRoaming

Promoted by the Wireless Broadband Alliance (WBA) and based on Passpoint®, OpenRoaming is an industry-wide
solution that automates secure device onboarding and roaming between different Wi-Fi networks, whilst protecting
a user’s privacy. While Passpoint is focused on local roaming and direct network partnerships, OpenRoaming targets
a broader geographical area. Instead of using local networks as an intermediary to reach the local radius server,
OpenRoaming utilizes federated directories to allow trusted networks to authenticate the user locally. The network
can automatically authenticate devices by using established identity providers—such as a service provider, device
manufacturer, cloud ID, or even loyalty memberships.

OpenRAN

Open RAN stands for open radio access network. The ambition for Open RAN is to create a multi-supplier RAN
solution that allows for the separation - or disaggregation - between hardware and software with open interfaces and
virtualization, hosting software that controls and updates networks in the cloud. The promised benefits include supply
chain diversity, solution flexibility, and new capabilities leading to increased competition and further innovation.

RAN Convergence: Wi-Fi & Cellular

With the development of Wi-Fi 6, and now the roadmap to Wi-Fi 7, the capabilities of Wi-Fi technologies are coming
closer than ever before to those of the cellular platform. The converging scope of the two families of standards
inevitably means that their deployers and ecosystems are also coming closer. The WBA members are working on the
technical framework to enable coexistence and, where appropriate, convergence with 5G NR, not just in terms of
technical specifications, but also with an eye to deployment models and ecosystem alignments.
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6 Convergence of Wi-Fi and other radio access
technologies

Wi-Fi can operate well alone in many scenarios but has also, increasingly, been designed to work with others in
situations that benefit from multiple types of connectivity. It has specific strengths that, in some of those scenarios,
can be complemented by those of other wireless connectivity standards. The WBA has always pursued the goal of
improved coexistence and cooperation with other wireless networks so that operators and enterprises can adopt the
best solution for a particular requirement — whether standalone or multi-access. In the 2020s, 5G New Radio (NR)
and loT standards from Bluetooth Low Energy to LoRaWAN are particularly significant for their potential to enhance
Wi-Fi’s impact on the growing market for enterprise and industrial wireless and loT systems. Increased cross-industry
cooperation, and convergence in key areas such as network management and orchestration, will be important to
ensure that deployers can derive the maximum benefits of Wi-Fi in any given scenario.

6.1 Wi-Fi6/6E & 5G - Convergence & key milestones

The past year has seen several milestones in both the Wi-Fi and 5G NR platforms. Wi-Fi 6 has grown significantly
in volumes and Wi-Fi 6E has started to make a significant impact with the wider availability of 6 GHz spectrum. The
process of defining specifications and use cases for Wi-Fi 7 is underway and large chip providers have published their
roadmaps and some have launched commercial products ahead of the standard .

Meanwhile, on the 5G side, deployments of the first phase of the technology, 5G NR Non-Standalone (NSA), have
gathered pace, and are now commercially live in 72 countries and almost 2,000 cities as of May 202232, These networks,
based on Release 15 of the 3GPP standards, are mainly supporting public macro networks, and so there is limited
coexistence with Wi-Fi, except where cellular operators may offload traffic to hotspots.

Greater opportunities for coexistence and even convergence lie in the areas where Wi-Fi is strong, such as indoor
locations, enterprise and industrial environments, and high-capacity hotzones. These are areas that are targeted by
later releases of 3GPP standards, and while that effort is sometimes portrayed as an attempt to challenge Wi-Fi’s
incumbency, the deployer and enterprise user communities — and therefore bodies that represent them such as the
WBA — are focused on how they can work together to achieve optimal results for each use case.

e Release 16 standards were frozen in June 2020 and have been supported in some commercial equipment and
devices from 2021. The most important changes from the point of view of Wi-Fi cooperation are:

e  Support for Standalone (SA) mode, which uses a new 5G packet core instead of the old 4G core. This supports
network slicing and multi-access networks including management of Wi-Fi and wireline alongside cellular

e Support for unlicensed spectrum with 5G NRu (see below)

e Enhanced capabilities, such as ultra-low latencies, that are designed to expand 5G’s targeted use cases beyond
mobile broadband, into many industrial and private network environments.

Release 17 was frozen in June 2022 and will be supported in commercial products from 2023, while work on Release 18
has begun. Release 17 is a less radical set of specs than Releases 16 or 18 and largely builds on the capabilities outlined
above, while adding integration with non-terrestrial networks, enhanced positional accuracy, and integrated access/
backhaul.

Figures 10 and 11 summarize the 5G standardization schedule as currently set out by 3GPP.>

Many of the new specifications that are now finding their way into commercial equipment are targeted at private or
enterprise networks, and so there is far greater need for deep-level coexistence and cooperation with Wi-Fi than in
the public macro networks. Just as Wi-Fi 6/6E made the technology more ‘cellular-like’ with improvements to latency,
hand-off and reliability, so the new releases of 5G NR bring the cellular platform closer to Wi-Fi in terms of multi-
gigabit peak speeds and spectrum flexibility. However, the two technologies retain their own distinctive strengths and
capabilities, and organizations are focused on deploying the right technology mix for the use case, dependent on the
environment and venue.

32 https://www.rcrwireless.com/20220503/5g/5g-by-the-numbers-72-countries-nearly-2000-cities-24-standalone-networks

33 Source: 3GPP
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Something both communities have in common is a focus on expanding service providers’ business models more
deeply into a wide range of emerging enterprise and private network use cases. Here, user requirements are diverse,
since every vertical and location has different performance priorities — ultra-low latency may be the most important
connectivity capability in a factory, but support for huge numbers of simultaneous users will be key in a stadium. That
means there will be more scenarios in which a combination of Wi-Fi and cellular capabilities will be optimal.

Both cellular and Wi-Fi industries — and most importantly, the enterprise deployers who are specifying the networks
—acknowledge that this diversity can be met more effectively with a combination of complementary networks, rather
than a single system trying to address everything. This is especially true in very demanding enterprise environments
such as seaports or airports, where high reliability and quality of service is essential, and where Wi-Fi can deliver very
high bandwidth and QoS within the port buildings, with cellular adding high mobility rates across the wide outdoor
spaces and reaching over water to the ships.

The WBA is highly active in developing convergence standard solutions between technologies and deployers in order
to support a wide range of industrial use cases optimally. It has working groups focused on Wi-Fi and 5G convergence
in private 5G networks, and on RAN convergence architectures. In April 2021 it published the second of two landmark
white papers focused on practical steps to achieve convergence and these have proved highly influential in driving this
forward.

The latest WBA report set out five key areas of action to support the ongoing work:

e Evolution of the 5G and Wi-Fi convergence architecture
e Multi-access functionality for ATSSS

e End-to-end QoS

e  Policy interworking enhancements across 5G and Wi-Fi

e  Support for Wi-Fi-only devices amongst all this

Figure 10
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According to Tiago Rodrigues, CEO of the WBA, the combination of cellular and Wi-Fi delivers the most reliable,
high-quality and ubiquitous wireless experience, which in turn underpin emerging applications and eventually,
future concepts such as the industrial metaverse.“Both 5G and Wi-Fi 6E technologies are critical for the evolution of
connectivity and the digitalization of the planet as a whole,” said Rodrigues. “While the focus for cellular is on wide-
range coverage, ... the focus for Wi-Fi is more prevalently on indoor coverage and high bandwidth connectivity.”
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This is not just for the benefit of the wireless industry, though these are significant — increased scale and addressable
market for devices and equipment, and a wider range of opportunities to be addressed by vendors and service providers.
But most importantly, progress on coexistence and convergence addresses a key requirement of enterprises, many of
which are currently evaluating their next-generation strategies for wireless connectivity to support activities such as
digital transformation and Industry 4.0 programs.

In this year’s WBA survey of Wi-Fi stakeholders, there was a heavy focus among respondents on convergence and
coexistence, which around two-thirds said would be critical or important to their future strategies. Other questions in
the survey made it clear that these future strategies often revolve around expanding enterprise and industrial revenue
streams, and in these enterprise environments, 61% said convergence would be very important, particularly to support
enhanced flexibility to enable a wide diversity of use cases with different connectivity requirements.

A recent Rethink Technology survey assessing enterprise intentions to deploy different wireless technologies, showed
an even greater focus on combining cellular and Wi-Fi than in previous years, as enterprises considered their wireless
requirements between 2022 and 2026. As Figure 11 shows, in that period, a combination of Wi-Fi and cellular is the
preferred option in all the four deployment scenarios considered.

It is particularly important in industrial or smart city settings where many different applications, each with different
requirements, will be in use, and there will be particularly demanding QoS standards. In carpeted enterprise
environments, there is the greatest focus on Wi-Fi alone. Compared to last year, the preference for a mixed-network
environment has increased in all scenarios except the carpeted office, where it is about the same. Industrial scenarios
are where there is the greatest desire for a fully converged platform, involving convergence within the core network
and management systems. In other environments, separate Wi-Fi and 5G networks are acceptable as long as there is
the ability to roam between them, and include them in common management systems.

Figure 11: Preferred wireless connectivity strategy 2022-2026
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A study by Deloitte** , which surveyed 415 enterprises, found that 62% of those enterprises were using both 5G and
Wi-Fi 6/6E already, or planned to do so within one year, while 93% would adopt both technologies in parallel over the
coming three years.

34 https://www?2.deloitte.com/lu/en/pages/technology-media-and-telecommunications/articles/enterprises-building-future-5g-wi-fi-6.html
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6.2 Wi-Fi alignment with 5G and 5G NRu

A particularly significant element of the 3GPP Release 16 standards, for the Wi-Fi industry, is support for unlicensed
and shared spectrum in the 5G NRu specifications. These build on standards for LTE in unlicensed spectrum, namely
LTE-Unlicensed, LTE Licensed Assisted Access (LTE-LAA) and MulteFire.

Those LTE standards were defined very late in the 4G deployment cycle and have had very limited adoption. The
picture is likely to be different in 5G for several reasons:

e 5G NRu has been defined early in the cycle, which will make it more economically attractive for vendors to support
it in equipment and devices

e Flexible spectrum is being allocated, particularly targeting enterprise use cases, far more widely than in 4G. This
increases the cases in which 5G NRu could be deployed and also provides it with spectrum, such as 3.5 GHz CBRS
in the USA, that is distinct from the bands where Wi-Fi is the main technology (2.4 GHz, 5 GHz, 6 GHz).

e There is considerable enterprise interest, as seen above, in combined 5G/Wi-Fi deployments and these will
often be supported by organizations that do not hold licensed spectrum, such as neutral hosts, private network
operators or enterprise-focused vendors such as Cisco.

e LTE unlicensed standards initially required an anchor network in licensed spectrum so were only really applicable
to mobile operators, which had limited motivation to deploy. A version that could be deployed standalone,
MulteFire, arrived late to market. By contrast, 5G NRu supports anchored and standalone modes from the start
and so is deployable by a wide range of organizations, including Wi-Fi operators that want to add further value by
incorporating cellular.

When LTE was extended to unlicensed spectrum, there were concerns among the Wi-Fi community about potential
interference and congestion from LTE, since the two wireless technologies were targeting the same band, 5 GHz. Two
factors should address such concerns in the 5G era, making it easier for the technologies to coexist and cooperate
rather than compete.

e Oneis the opening up of new bands for shared, unlicensed or lightly licensed use by 5G. Although 5G NRu can be
implemented in 5 GHz or 6 GHz, many vendors and deployers are focusing on bands where it will not have to share
space with Wi-Fi. These include shared spectrum allocations within licensed 5G bands, such as 3.5 GHz in the USA,
Netherlands, UK, Japan and other countries.

e Thesecond factoristhe ongoing improvementin dynamic spectrum sharing techniques that allow multiple wireless
technologies to share the same band far more flexibly and with reduced interference risk. Most importantly in
5G NRu there is support for synchronized sharing between different radios in the same band (see Figure 12). In
addition, the development of spectrum access systems (SAS) for the USA’s CBRS band has been important as these
are being adapted for use in other countries in a radio-neutral way.

Figure 12: Comparison between traditional and synchronized spectrum sharing in 5G
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6.3 The role of Wi-Fiin loT

Wi-Fi has had an important role in IoT networks since they started to be deployed at scale in the past few years. It
can support gateways and aggregation hubs for large numbers of home or industrial lIoT devices that are running on
short-range machine-to-machine connections such as Bluetooth Low Energy (BLE) or ZigBee. The Wi-Fi Alliance has
also increasingly been developing Wi-Fi variants that operate at very [1] low power and can support M2M networks,
especially those that require longer range than BLE and ZigBee support. In particular, Wi-Fi HaLow runs in sub-GHz
spectrum bands to achieve long range, and supports very low power levels for applications with low to moderate bit-
rate requirements.

As outlined in the previous sections, most industrial environments require several different types of connectivity to
support all their diverse use cases optimally. This is particularly true of enterprise loT systems, which may need to
support thousands of devices and sensors, with various combinations of long or short range, and high or low data rates
—but all at low power and with high device density and reliability.

In June 2022, the WBA published an important white paper entitled “Wi-Fi 6E for Industrial 1oT: Enabling Wi-Fi
Determinism in an loT World.” This paper sets out the latest features of Wi-Fi and how they are uniquely capable
of addressing the requirements of a wide variety of existing and emerging Industrial loT applications. These include
Industry 4.0 and logistics applications that involve autonomous mobile robots (AMRs), automated ground vehicles
(AGVs), predictive maintenance and augmented/virtual/mixed reality (AR/VR/MR).

“As more equipment is monitored, wiring becomes prohibitive,” the paper says. “Industry is moving towards the
inclusion of wireless technologies to lessen the cost of obtaining more information about their processes. In one
recent case in the oil and gas industry, moving to a wireless installation resulted in a 75% cost reduction in installation.”

The report includes RF and network deployment guidelines for industrial use cases to help simplify the work of rolling
out these critical networks. For example, it provides recommendations for leveraging Wi-Fi 6E scheduling to optimize
traffic patterns and manage critical QoS requirements.

The enterprise survey referenced above asked specific questions about connectivity for loT applications. Figure 13
shows that, to an even greater extent than in last year’s study, enterprises want to be able to use multiple protocols
for 10T, to address the huge diversity of applications and requirements. But to avoid fragmentation and inefficiency,
they stipulate that these must be integrated within a common management system, and potentially a common core.
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Figure 13: Preferred loT connectivity strategies for enterprises in selected scenarios
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6.4 How does Wi-Fi play with CBRS and when should each be used?

The allocation of the CBRS spectrum in the USA was an important regulatory decision for the whole wireless industry.
It took a band in which federal users were incumbent (3550 MHz to 3700 MHz) and established a three-tiered access
scheme managed by a spectrum access system (SAS). The federal users are guaranteed priority access when they need
to use any channel, but in reality, use only a small portion of the band. The other tiers are licensed (priority access
licenses) and shared (general authorized access). The former take priority over the latter when both want to use the
same channel, but there is a swathe of the band set aside for shared access only.

Not only did this free up a hefty chunk of new shared spectrum for 4G (and, when 5G NRu is commercial, for 5G), but
it set valuable precedents for flexible usage that are being studied or emulated by regulators round the world as a way
to lower the cost of spectrum and encourage a broader ecosystem of 5G deployers.

This could look more like the democratic ecosystem of Wi-Fi deployers than the closed world of licensed mobile
operators. But as with other cellular developments, the value to service providers and users will lie in cooperation
between CBRS and Wi-Fi, rather than competition. Both communities are clear that, despite recent allocations, there
is still not enough spectrum to address the emerging requirements of consumers and industries. For instance, the
body representing US mobile operators, the CTIA, has called for the FCC to unlock 650 MHz of mid band spectrum for
5G, up from 270 MHz now. Meanwhile, industry bodies such as the Wireless Broadband Alliance, Wi-Fi Alliance and
the Dynamic Spectrum Alliance (DSA) have called on countries worldwide to allow license-exempt access to the whole
1,200 MHz of the 6 GHz band to achieve the full economic impact of Wi-Fi.?*

In this context, it is important for operators to be able to pool CBRS and Wi-Fi capacity while allowing each technology
to play to its particular strengths. There has been work to improve interworking and common management for LTE
in CBRS spectrum with Wi-Fi, and even spectrum sharing. For instance, one project is developing a ‘multi-armed
bandit’ technology that will support high energy efficiency and interference suppression between CBRS LTE and Wi-Fi.
Simulation results demonstrated a 33% improvement in the aggregate capacity and cell-edge throughput of coexisting
LTE-U/CBRS and Wi-Fi networks36.

The early deployers of CBRS networks have fallen into three main categories, according to the OnGo Alliance which

35 http://dynamicspectrumalliance.org/wp-content/uploads/2020/11/DSA-How-to-realise-the-full-potential-of-6-GHz-Spectrum-Whitepaper.pdf

36 https://www.researchgate.net/publication/309407740_CBRS_Spectrum_Sharing_between_LTE-U_and_WiFi_A_Multiarmed_Bandit_Approach
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represents the community. These are WISPs, many of which offered fixed wireless services in the 3.5 GHz band
historically and have now converted their licenses; cable operators that want to extend their cellular networks without
buying large amounts of licensed spectrum; and private network operators targeting enterprise users.

In the case of cable operators and private network operators, there is a high motivation to integrate their CBRS
activities with Wi-Fi. Most cable operators that have offered wireless services have done so using a Wi-Fi-first approach,
connecting their users by Wi-Fi whenever it is available (in the home or on the move) and relying on an MVNO deal
for wide area mobility. Some of them, notably Comcast and Charter, are looking to replace the expensive MVNO deals
with their own CBRS cellular build-outs.

In private networks, the reasons to combine cellular and Wi-Fi, as outlined above, are the same as in any enterprise
scenario, but CBRS —and similar schemes emerging in other countries — will be an important enabler of multi-network
enterprise networks because it enables many different deployers to enter the market. Large companies such as Cisco
and HPE are addressing the key requirement for unified management of Wi-Fi and cellular in private networks (see
below), and they are often targeting CBRS deployers as an important initial target market.

6.5 Private LTE aligned with Wi-Fi

Despite all the talk about 5G, the majority of private networks in use today are still running only on 4G. Nokia, the
market leader in providing private cellular networks, indicates that about half of new private networks are still
deploying first with LTE even in 2022, though often with a migration path to 5G. For many enterprises, particularly
those that do not have requirements for ultra-low latency or ultra-dense connectivity, LTE supports their needs for
now. And many enterprise deployers will wait until products and services for 5G Standalone are more mature. 5G SA,
which uses a specific 5G core, is central to private networks, which often require their own locally implemented core to
give them full control of security, network performance and resource allocation. But the 5G core is in the early stages
of development.

So many of the cooperative deployments described in the previous sections, where Wi-Fi and cellular complement
one another, are focused today on LTE. In the USA, the LTE connectivity will increasingly be using unlicensed CBRS
spectrum, but without the previous concerns of interference with Wi-Fi, that overshadowed the introduction of LTE
for unlicensed bands. Elsewhere, the LTE networks will also usually be in separate bands from Wi-Fi rather than in 5
GHz — either in licensed spectrum owned by the MNO, enterprise-specific spectrum, or flexible spectrum within the
key cellular mid-bands such as 2.5 GHz and 3.5 GHz.

Although there is work on fully converged architectures, and rising deployment of multi-access cores, the primary
concern for private network operators and enterprises is to have common management of Wi-Fi and cellular networks.
This comes as no surprise — WBA and its members have been addressing many of the issues in white papers and
guidelines since 2018. This allows the two networks to be separately deployed but to be managed and orchestrated
as a single pool of capacity and coverage. Until recently, on-premise or cloud-based management platforms were
developed separately for Wi-Fi and private cellular but this is changing. Nokia, for instance, supports Wi-Fi and loT
networks within its Digital Automation Cloud (DAC).

Perhaps more importantly for enterprise convergence, several big enterprise Wi-Fi players have recently expanded
their management platforms to include cellular. Cisco and HPE are both taking a Wi-Fi-centric approach to multi-access
private deployments, and both launched their private networking offerings at 2022’s Mobile World Congress, providing
common, dynamic, cloud-based control of enterprise cellular and Wi-Fi networks.
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7 Spectrum & Regulatory

There is increasingly overlap between the types of spectrum used for Wi-Fi and for other wireless technologies. Cellular
4G and 5G now have standards that allow them to operate in unlicensed bands, while some licensed bands are being
carved up to support a certain amount of shared or unlicensed access.

Allthese changes reflect the overall rise in demand for ever-more spectrum capacity to support all the wireless networks.
Policy makers generally agree that the best way to avoid conflict over spectrum between different technologies and
their ecosystems is to ensure there is plenty of spectrum available to go around.

This is breaking down the clear line between exclusive licenses for cellular and fully unlicensed spectrum for Wi-Fi. And
while there may be disputes along the way about the exact balance, there is progress towards the broader goal of a
plentiful spectrum to support any combination of technologies and business models.

7.1 6 GHz Extension for Wi-Fi

Wi-Fi 6E refers to Wi-Fi 6 services extended into the 5925-7125 MHz (the 6GHz) frequency band. The 2020 decision by
the FCC to open the full 6GHz for low power applications represented a paradigm shift for the Wi-Fi industry. The USA’s
decision sparked calls for European and other regulators to follow suit, and at the time of writing the report (Oct 2022),
twenty-seven countries have opened all or part of the 6 GHz to Wi-Fi, with many others reviewing that possibility.>’

Wi-Fi 6E devices can operate in fourteen additional 80MHz channels and seven additional 160MHz channels, liberating
more capacity than the 2.4GHz and 5GHz bands put together. This broader spectrum simplifies network design and
eliminates the need to support legacy devices, reducing network congestion. With the extra spectrum as well as
performance enhancements of 6E, both Wi-Fi and 5G can address some of the most advanced emerging use cases
(like VR in the industrial environment). However the spectrum is not perfectly harmonized yet. Europe has made the
lower 6GHz band (5945-6425 MHz) license-exempt, but the future of the upper 6GHz band (6425-7125 MHz) remains
in doubt. The Radio Spectrum Policy Group (RSPG), which advises the European Commission, is running a consultation
on the Agenda Items for WRC*-23. The RSPG is calling for stakeholders’ views on the best use of the 6425-7125 MHz
band.

The IMT community recently began to claim that at least some of the 6GHz band is needed for licensed 5G. In a 2025-
2030 vision paper, the GSMA calls for an additional 2GHz of mid-band spectrum for 5G to meet the performance

targets for the technology set by the ITU.

7.2 Coordinated Shared Spectrum Models

The need for more spectrum to support a growing variety of business models has focused regulatory attention on
coordinated sharing models, in which there is greater management than in a fully unlicensed environment. But
the band is open for sharing by many service providers. The aim is to steer a middle course between the cost and
exclusivity of licensed spectrum and the potential for congestion in unlicensed. Much of the spectrum management
and assignment will be integrated into an automation and orchestration layer in virtualized networks, and this will have
a new level of dynamic capability in coordinating all the different virtualized access networks and supporting slicing.

There are several technology steps already being taken along that path. One is automatic frequency selection (AFS),
and the associated technology of dynamic frequency selection (DFS). These are methods of automatically deciding
on the best connection, whether it is a Wi-Fi or cellular one. AFS techniques are at the heart of the spectrum access
systems used to manage access priorities in CBRS and similar schemes.

37 https://www.wi-fi.org/countries-enabling-wi-fi-6e

38 World Radio Conference
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7.3 Automated Frequency Coordination

In order to protect the incumbent operators in the 6 GHz—i.e., microwave links from MNOs, utilities, public safety, and
transportation, as well as broadcast auxiliary service and cable television relay service—the FCC requires the use of an
automatic frequency selection. Unlicensed use of the 5925-6425 MHz and 6525-6875 MHz sub-bands will be subject
to control by an automated frequency coordination (AFC) system, described further below, while unlicensed use of the
other two sub-segments is proposed to be limited to lower-power and indoor-only use without the need for database
coordination.

A spectrum database solution called an automatic frequency coordinator (AFC) will be required for 6GHz outdoor and
high-power indoor applications. For successful introduction of 6GHz, the industry needs to complete the technical and
regulatory work to permit AFC operations to commence, based on each country’s regulator’s specific rules.

The Open AFC Software project is a dedicated open-source community within the Telecom Infra Project (TIP) committed
to the design and development of Automated Frequency Coordination (AFC) software for unlicensed services in the
6GHz band. More than thirty companies participate in the Open AFC Working Group. Open AFC seeks to accelerate the
standard power RLAN (Radio Local Area Network) market globally, by providing an open source repository that can be
modified for various markets and regulatory requirements.*

Open AFC can play an important role here by developing an open-source reference implementation of an AFC system.
Additionally, it can enable unlicensed devices in the 6GHz band to operate outdoors as well as indoors with an
increased range while ensuring that existing services are protected from interference. By assisting the deployment
of OpenRoaming, which also includes automatic friction-free onboarding, the public will receive full benefits of 6GHz
Wi-Fi with privacy and security.

39 TIP_Open_AFC_Open_AFC_Software_Architecture_v10_FINAL_November_2021_GREEN_-_Public_Access.pdf (brandfolder.io)
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DRIVING NEXT WIRELESS EXPERIENCE

The graphic below illustrates the complete 6GHz AFC architecture to contextualize the position and role of an AFC
system integrating Open AFC Software.

Figure 14
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In May 2021, TIP adopted the WBA OpenRoaming standard, which enables users to securely roam from location to
location without the need for logins, registrations or passwords. WBA is collaborating with TIP to define how Open
AFC will work and how public and guest Wi-Fi based on OpenRoaming can benefit from the full capabilities of Wi-Fi 6E.

In late 2021, fourteen companies and organizations filed with the FCC to become “AFC System Operators” — meaning
operators of the AFC function required in the U.S. (and elsewhere) for standard-power Wi-Fi operation in the 6GHz
band. Five have applied with the intention of using the Open AFC platform to deliver the required service. Remarkably,
the fourteen applicants include industry tech giants as well as trade organizations—such as the Wi-Fi Alliance, the
Wireless Broadband Alliance, and Kyrio (the commercial services arm of CablelLabs).

While it was initially thought that AFC operations for Wi-Fi in the end might be exclusively run by companies already
specialized in spectrum management—such as companies operating SaaS platforms for CBRS—the sentiment towards
AFC and the road ahead now looks entirely different. Operating an AFC system as a profitable commercial service seems
less likely. However, non-profit AFC operations—possibly membership-based to cover costs—seem most probable.

Given the importance and complexity of the work still ahead of AFC, the WBA is developing an AFC system based on
Open AFC and open to present candidatures globally.

7.4 Regulatory & Spectrum Framework for 5G with Unlicensed Bands

The potential conflicts between cellular and Wi-Fi in unlicensed bands have dissipated in recent years as both
communities have focused more on coexistence than disputes over interference. (Include as well a sentence about
the lack of adoption of cellular deployment using 5Ghz LAA) However, new challenges in terms of coexistence, will
arise from two events. One is the bid by some mobile operators, backed by the GSMA, to have some of the 6GHz
band assigned exclusively to 5G. The other is the commercial implementation of the recently ratified 3GPP Release 16
standards for 5G in unlicensed spectrum, 5G NR-U.

5G NR-U comes in two flavors: (1) Anchored NR-U, combining licensed 5G spectrum with unlicensed and (2) unanchored
NR-U, which is a successor of 4G MulteFire, operating standalone in unlicensed spectrum only, and so open to be
deployed by non-MNOs.

The cellular community contends that standalone NR-U has been designed from the ground up to coexist fairly with
other unlicensed technologies including LTE-LAA as well as Wi-Fi. But anxieties do persist, though the industry is
working hard to allay them. For instance, the IEEE published a paper in January 2021 proposing a new method of
handling collisions that has been shown to improve performance for both 5G and Wi-Fi, but especially the latter.

The IEEE has also been increasingly focused on coexistence with 5G, in cooperation with ETSI. Its 802.11 Coexistence
SC held its most recent (virtual) meeting in July 2021. The heart of the group’s work is based on the ETSI EN 301 893
coexistence requirements originally set out in 2017, and a new version was under development in 2021. Current work
items include coexistence challenges for the 802.11be (Wi-Fi 7) standard, and an expansion of the project scope to
60GHz unlicensed spectrum.
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8 WBA Programs & Projects

The WBA drives the advocacy of Wi-Fi, WBA OpenRoaming™, opening of the 6GHz band for Wi-Fi technology, and
the upcoming Wi-Fi 7 standard. All are game-changers for the global industry. They will be critical enablers for the
delivery of advanced wireless services to consumers, enterprises, and carriers, as well as create more opportunities for
innovation and new businesses.

2022 has been an outstanding year for WBA programs. The Alliance released industry guidelines and whitepapers
throughout the year, including but not limited to Wi-Fi IMSI Privacy Protection Technical specification, WRIX Umbrella
Document revision, OpenRoaming Legal framework and technical architecture Release 3, Wi-Fi Sensing Deployment

Guidelines, Rural Wi-Fi Report, Wi-Fi 6/6E for Industrial 10T, Wi-Fi Devices Identification, In-Flight Connectivity
whitepapers and many more.

Figure 15:
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WBA members continue to drive use case deployments and proof of concept implementations across different verticals
and technology including: OpenRoaming, Wi-Fi 6E (and in future Wi-Fi 7), Wi-Fi Sensing, Residential Wi-Fi, 5G and Wi-
Fi Convergence, In-flight Wi-Fi Connectivity and others. The objective is to understand how to optimize deployments,
management and ensure a seamless and secure venue and user experience that is crucial to guarantee market-wide
adoption.

Operator Managed W

B Reference Architectu,

On top of the ongoing work, it is also relevant to have a look at the upcoming deliverables and programs that are
being proposed for the following years’ roadmap. It has never been a better timing to get involved into these as critical
discussions are presently taking place.

When we look at the near-term deliverables, it is key to address the momentum of QoS and Operator Managed Wi-Fi
within the WBA membership, both areas have been trending quite intensively over the last year and will be launching
shortly, still in early 2023 and 2024, standards and technical specifications to help the industry moving together in the
right direction.

Finally, unveiling priority programs for the year ahead, we see the ultimate user experience work group shaping up,
alongside with the dawn of Wi-Fi 7.

8.1 The Rise of OpenRoaming

The last twelve months have been quite rich for OpenRoaming. The number of OpenRoaming hotspots has passed
1 million worldwide and spans a wide variety of venues, including airports, universities, stadiums/arenas, office
buildings, and municipalities. Examples include San Jose State University, Fira Barcelona Gran Via, Canary Wharf,
London Stadium, Live Nation BottleRock Festival, Brazil's Sdo Paulo/Guarulhos International Airport, and various
European municipalities and tourist destinations enabled by Boingo, Cisco, CommScope, Extreme Networks, and other
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members of the federation. A recent proof of concept deployment by WBA member, Airties, to automatically onboard
Wi-Fi client devices to a residential Wi-Fi 6/6E network also paves the way for the rollout of OpenRoaming across in-
home Wi-Fi networks.

During 2021, Intel, AT&T, and Single Digits have announced multiple trials to enable OpenRoaming for PCs for the very
first time. In this beta effort, an Intel-based PC with an AT&T SIM card gets activated for service, and is provisioned with
an OpenRoaming-ready profile with an AT&T identity as part of that process. The PC can connect seamlessly indoors
and outdoors to OpenRoaming Wi-Fi networks in addition to AT&T hotspots and AT&T mobile networks, without
the need for finding Wi-Fi networks, getting credentials, and logging in. This enables a more continuous connectivity
experience for users on-the-go.

In conjunction with the AT&T trial, Intel and Single Digits announced a concept to rapidly broaden the adoption of
OpenRoaming for PCs. Intel also announced the deployment of an OpenRoaming trial network at its Casper test
facility in Oregon. This network, which was brought up with help from Cisco, is incremental to the millions of hotspots
that support OpenRoaming globally as announced by WBA in June 2022. Intel will use this network to further test
OpenRoaming for PCs and to expand engagement with more partners.

On the smart city front, the city of Dublin announced a successful proof-of-concept trial of OpenRoaming. Dublin is a
high-growth city with a population anticipated to grow to 2.2 million by 2031. It houses 30% of the country’s working
population and attracts over 6.6 million overseas visitors a year. Initially deployed at Bernardo Square, Dame Street,
and the City Council’'s Amphitheatre, WBA OpenRoaming enables residents and visitors to log in only once and then
maintain seamless connectivity as their Wi-Fi devices automatically switch between different public Wi-Fi hotspots.

The success of OpenRoaming’s Dublin trial will pave the way for a larger city-wide deployment with over 150 APs across
the city and could pave the way for more cities joining the OpenRoaming federation. Indeed, the WBA announced the
successful completion in several municipalities in Belgium, priming the innovative Wi-Fi roaming standard for adoption
throughout Europe. The WiFi4EU Program is a funding initiative to accelerate digitalization across the continent with
over 29,000 municipalities registered, and over 6,000 already fully implemented. It aims to deploy Wi-Fi in public
spaces including parks, squares, public buildings, libraries, health centers, museums, and more.

On the technical side, the WBA also announced Release 3 which includes:

e Complete legal and commercial framework, finalizing the processes started on Release 2. This ability to implement
a new templated approach will make commercial arrangements between federation members much easier and
provide scalability. This will also save hundreds of hours of legal and administrative time when establishing roaming
settlement agreements between OpenRoaming federation members. Further, it supports dynamic settlement,
enabling settlement rates to vary at peak times and be agreed to dynamically.

e Automated tools, reporting, and APIs which reduce the overhead for management and administration while
providing an online portal for federation members to self-serve.

e Enhanced identity proofing has been enabled so that identity providers are able to meet regulatory/legislative
requirements as well as corporate and business requirements that ensure a user is who they say they are,
guaranteeing that the use of Wi-Fi Hotspots with OpenRoaming is safer for all.

Tiago Rodrigues, CEO of the Wireless Broadband Alliance, said: “In just eighteen months, WBA OpenRoaming has
already surpassed 1 million hotspots worldwide. That’s a major milestone—one that highlights how quickly the
marketplace has recognized the benefits for network operators, infrastructure vendors, device OEMs, and end users.
It also reflects demand driven by the emergence of private 5G networks requiring simple roaming between cellular
and Wi-Fi.%°

“But this milestone is just the beginning. We expect to see even more types of locations adopt WBA OpenRoaming,
including hotels, cafés, trains, planes, and connected cars. In fact, in our most recent cross-industry survey, 40% of
businesses said they have implemented Passpoint/OpenRoaming or plan to do so before the end of this year. Wherever
you work, live, and play, OpenRoaming will be there.”

OpenRoaming will also enable any network to become a neutral host. Whereas these private networks have
conventionally only served users associated with the private enterprise, the introduction of OpenRoaming is enabling

40 https://tinyurl.com/2qobaqr2
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these networks to transform into neutral host systems that are now able to serve the end-users of those identity
providers that have joined the OpenRoaming federation.

Figure 16
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OpenRoaming service will typically enable an authenticated end user to be directly connected to the internet from
the access networks” WLAN with the OpenRoaming service level requirements covering the connection between end
user and the internet. Identity providers may use monitoring techniques to ensure their end-users are receiving the
necessary quality of experience when roaming onto the access provider WLAN systems and can escalate any concern
to the WBA who will work with the parties to resolve any identified issues.

Growing requirements for neutral host support are enabling private networks to transition and support new value
propositions. Importantly, OpenRoaming has been architected to scale to support over half a billion deployments
of Wi-Fi hotspots. And its “neutral host-by-design” capability is now increasingly being used by private networks to
authenticate end users from the myriad of identity providers that have already joined the federation.

8.2 Wi-Fi 6E for Industrial 4.0

WBA published “Wi-Fi 6/6E for Industrial 1oT: Enabling Wi-Fi Determinism in an loT World.” This paper explores how
Wi-Fi’s latest features are ideal for meeting the unique, demanding requirements for a wide variety of existing and
emerging lloT applications. This includes manufacturing/Industry 4.0 and logistics, involving autonomous mobile
robots (AMRs), automated ground vehicles (AGVs), predictive maintenance and augmented/virtual/mixed reality (AR/
VR/MR). It provides RF/network deployment guidelines for factory, warehouse, logistics and other use cases.

WBA believes that Wi-Fi has been a key enabler of the global lloT market, which is on track to have a compound annual
growth rate (CAGR) of about 23% between 2017 and 2023. Wi-Fi 6 and 6E are expanding capabilities by providing the
multi-Gb/s data rates, additional spectrum, deterministic performance and other advanced capabilities necessary to
support demanding applications such as Industry 4.0.
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8.3 Wi-Fi Sensing

In 2021, one major output of the Sensing group in the WBA was the launch of the third whitepaper, entitled Deployment
Guidelines.** In this paper, the group focused again on the home monitoring use case and looked at aspects in a
home that could impact sensing performance—such as sensing network topology, device placement, and building
materials. Related to that, the group also provided insights through some basic experiments to help understand where
the physical detection regions are between devices.

On the business side, there has been a multi-faceted expansion. There are now more than eighty ISPs offering Wi-Fi
Sensing solutions to their customers, with expansion to more chipsets, more platforms, more distributors, and more
users. These deployments are driving the need for testing. Enabling the technology on more platforms that are capable
of supporting multiple types of use cases requires a new type of testing. The industry is starting to become more
educated on the requirements and importance of testing, as the KPIs are no longer the standard Wi-Fi communication
KPls. The WBA has played a big part in delivering this message, specifically with the help of members such as CableLabs
who have experience and knowledge in this space.

So far, 802.11bf is looking very promising to provide enhancements and optimizations which will not only improve
vendor compatibility, but which will also make obtaining measurements more reliable and deterministic. This will
without a doubt impact the possible applications in a positive way; however, in order to take advantage of these new
features, both AP and STA side components will need to be implemented. It is not yet defined if these components
can work with a Wi-Fi 5, 6 PHY, or if they will require a Wi-Fi 7 PHY. Either way, it is likely the industry will not see an
immediate switch between the proprietary sensing solutions we have today and the 802.11bf standardized solution.
Instead, there will be a transition, where the near future of sensing will be required to leverage both.

Sensing is an interesting type of technology where the presence and location of devices throughout your home is
important. Therefore, the ability to leverage devices from a generation (or implementation) where 802.11bf features
are not supported will be extremely important.

In addition, there is a growing interest by WBA members (such as Cognitive) in leveraging application-layer connectivity
technologies (such as Matter) and utilizing it to help make Sensing outputs accessible for many different smart home
and loT applications. Sensing can provide inputs to many different types of applications, and technologies like Matter

define a uniform way for many different devices in an ecosystem to share such information.

8.4 Residential Wi-Fi—Multi-AP Capabilities

As mentioned earlier, multi-AP is becoming part of ISP broadband strategy to satisfy customer connectivity needs in
this gigabit world. To help improve the deployment strategies of ISPs, the WBA issued the In-Home Wi-Fi Multi-AP
Solutions Trial Report **that examines only those features beyond the capability of a single AP that are specific to multi-
AP systems. This is important given that most existing systems use a mixture of established standards with proprietary
protocols and management systems to achieve their capabilities. The key areas of testing relate to the installation,
ease of onboarding additional APs and client devices, automatic network optimizations and problem remediation, and
ongoing management and diagnostics.

There are different levels of multi-AP equipment available to target the full range of markets, from off-the-shelf
self-install and self-administer with limited local management, all the way to professional install with full remote
management capabilities requiring no end- ser intervention, and various stages in between.

There are features that a user might like to see in home-orientated multi-AP systems (such as Wi-Fi Easy Connect) that
are not widely available yet. Operators wanting to provide a managed Wi-Fi offering need to pay close attention to
both the customers’ expectations and their own network management and operational requirements.

For that reason, WBA members continue to discuss and strategize ways to help the different types of residential Wi-Fi
participants provide an overall better service to end users. From operators to infrastructure and service providers to
research labs, all participate and are welcome to join the work.

41 https://wballiance.com/resource/wi-fi-sensing-deployment-guidelines/

42 https://wballiance.com/resource/in-home-wi-fi-multi-ap-solutions-trial-report/
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8.5 5G and Wi-Fi Convergence

Enterprises now have the option to expand and increase their wireless coverage density by complementing their IEEE
802.11 based wireless architectures with 3GPP 5G-based systems. The 5G architecture model is a service-oriented
system designed for mobile networks. There are various options for fulfilling an enterprise 5G system deployment; it
can be deployed through a System Integrator (SI), a mobile operator, a Wi-Fi operator with a cellular partner, potentially
a cloud provider or, when the enterprise can leverage its own licensed spectrum, be deployed by the enterprise IT
themselves. While the options to enable the basic 5G access connectivity serve as a great starting point, the issues
around convergence necessitate a more holistic analysis of how the 5G architecture integrates with the rest of the
enterprise systems and processes.

WBA members issued the “Private 5G and Wi-Fi Convergence - Key use cases and requirements’ whitepaper, analyzes
the requirements, use-cases, technical approaches, and challenges for realizing convergence across enterprise private
5G and Wi-Fi access. The stated goal of this convergence is for realizing an access agnostic service layer that enables
policies to be enforced for an enterprise user/device across both Wi-Fi and 5G access.

8.6 In-flight Wi-Fi Connectivity

Airline travel is soaring, with international traffic up 229.5% over the past year and total traffic up 76.2%, according to
the International Air Transport Association (IATA). That trend means now is the ideal time for airlines to take a fresh
look at their in-flight Wi-Fi experience. This report shows how they can use Passpoint and WBA OpenRoaming to
eliminate complexity so passengers can take full advantage of all their in-flight service.

With the evolution of Wi-Fi networks towards Passpoint® on the ground, users with a valid subscription installed on
their devices can automatically connect to Wi-Fi networks without requiring any further interaction.

WBA released the “In-Flight Wi-Fi Connectivity: Improving Passenger Experience, Engagement and Uptake,” report that
explores how airlines, service providers and other stakeholders can make it faster and easier for travelers to get and
stay connected. The paper provides proof of concept to showcase how a high-quality In-flight Connectivity experience
can help the industry to reduce network operational costs and enable passengers to easily and securely connect to
in-flight Wi-Fi services, how to build the technical enablement model for a seamless and roaming experience across
the globe — OpenRoaming.

8.7 Managing Identities—Prioritizing Profiles and Overcoming MAC
Address Randomization

The introduction of per-SSID, daily, and per-session MAC randomization to Wi-Fi networks is designed to improve the
privacy of the user. But it can cause problems for the provision of services that need to uniquely identify the devices, or,
for the users in those cases where the identity of the device is used as a proxy for the identity of the user. Fortunately,
there are several established technologies that are freely available and can remediate these issues in the majority of
cases; these not only offer improvements to privacy, but also to security and user experience.

The WBA published a detailed whitepaper, Wi-Fi Device Identification—A Way Through MAC Randomization, which
details the requirements and the available solutions for many cases. It also includes recommendations for solutions
across different verticals that a network operator may wish to adopt to overcome the issues introduced by MAC
randomization. There are a few cases in network diagnostics and management where a network may have a need to
identify some unassociated devices persistently, and these are not resolved by any of the methods described in the
whitepaper.

The WBA has identified randomized MAC addresses as an impact on deployments of Wi-Fi networks and has been in
contact with standards organizations to address the issues surrounding MAC randomization. The WBA has presented
and shared the work and findings regarding the situations in which MAC address randomization can cause problems
and will update the other standards organizations with any relevant information. The standards organizations that
are addressing MAC randomization are the IETF through its MADINAS workstream, and the IEEE 802.11bh task group.
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The paper also discusses the need for identities and the legal necessity to consider privacy and consent when identifying
people. The requirement for a network operator to establish a true user identity in certain jurisdictions is outside of
the domain of Wi-Fi device identities. Thus, it is not addressed directly, but is not diminished by any of the solutions
presented.

Additional activities that the WBA is doing include the collection of information beyond that which was originally
collected to describe device behavior in the presence of a captive portal, and which may be useful to its members.
These could include recording device support for Wi-Fi Easy Connect, Passpoint R1/2, Capport (rfc8908/rfc8910), and
DevID (802.1ar).

The WBA continues to monitor the progress of initiatives by other standards bodies relating to Wi-Fi device and user
identification and inform its members of any significant developments.

8.8 QoS - Access Network Metrics & Wi-Fi QoS

Guaranteed Quality of Service (QoS) has always been a critical topic within the wireless ecosystem, and particularly
important with Wi-Fi given that several identity providers (IDP) across the globe, carriers very often, have concerns
whether to partner with and trust Wi-Fi networks as they don’t have information on these networks’ performance.

The WBA members have invested into two main work streams that are setting important frameworks within the
industry:

e Access Network Metrics — this program is looking at the currently available solutions for collecting real time data
from the networks, and comprising a proposed standard set of metrics and how to retrieve that data, so that not
only the venue owners but also the IDPs can monitor how the networks perform — the solutions being discussed
englobe references RADIUS exchanges, ANQP elements, Data Elements, and will address a set of use cases,
particularly relevant for roaming scenarios — OpenRoaming plays an important part on the use case definition

e E2E Wi-Fi QoS — secondly, this program has the mission to look at traffic prioritization and connectivity quality
optimization, starting with the QoS Management specification from Wi-Fi Alliance in mind and applying it to
real live networks and specific test cases — with a particular angle in terms of the residential use cases. QoS
Management being a mechanism of labeling traffic packets that then allows the network manage to filter and
prioritize traffic sources depending on what is more or less important.

8.9. Operator Managed Wi-Fi

Residential Wi-Fi, being one of the largest business arms for carriers worldwide, has always led to dependency on
equipment vendors and a lot of cost associated with exploring new Wi-Fi features, equipment or solutions from other
vendors.

The reason is related with the lack of a standard set of features that can assemble a reference architecture for deploying
home managed Wi-Fi.

This is presently being worked out by the WBA members. An exhaustive and comprehensive discussion has been taking
place to select what are the critical set of features that need to be held in a reference architecture, following a phased
approach.

As this report is prepared, the team is presently working on the technical specification for the phase 1 reference
architecture, a standard that will help the operators understand clearly what they should demand from their equipment
vendors and will help vendors have clarity on whether they comply or not with the critical set of features for operators.

Ultimately, this reference architecture will allow standardization across the industry, potentially leading to a compliance
model that will help operators when dealing with vendors and deciding how to strategize their residential Wi-Fi offering.

The features are organized in terms of deployment, operation, remote management and diagnostics, interoperability,
additional applications and services, and standard platform requirements, and the work will be evolving from a phase
1 with the short set of features, to an amplified vision where more futuristic applications are also contemplated.
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8.10 User Experience & Device Onboarding

When we think about Wi-Fi’'s major gaps, as a technology, and as an interoperable and roaming service, one of the
major ones, still to be ‘standardized’ or clearly solved, is the overall user experience of connecting to a Wi-Fi network.
This connection experience varies essentially from a more manual approach to a more automatic approach.

e Themanual one, requiring typically the opening of the Wi-Fi network selection picker, visualizing and understanding
the SSIDs, selecting an adequate one, inserting a shared password or eventually being redirected to a welcome
page — often requesting some personal information to allow access (a.k.a., captive portal)

e The automatic one, Passpoint-based, requires a credential — ‘subscription’ - installed onto the phone to allow this
automatic association and consequent authentication with a given network. The sole experience of obtaining a
profile, understanding what it means, installing it into the device, knowing where it is and how to manage the set
of credentials available, is a whole new challenge:

e Not only because obtaining and installing a profile is already a manual experience, full of friction and
doubt

e But also, because device and OS OEMs tend to see credential management as a very advanced feature
that should, and most likely will not, be available to end-users

This complex puzzle in terms of connecting to a Wi-Fi network has continuously led to the pursuit of mechanisms such
as unsecure shared passwords, captive portals that can be slow and annoying, payment models that reduce the uptake
of connectivity, and QR codes or mobile apps for installing Passpoint credentials, that also require a manual approach.

The end-goal of the project is to standardize or to increasingly drive a more standard way for improving the connection
to a Wi-Fi network.

Proposed steps for approach:

e  Start by outlining clearly the end-game vision for Wi-Fi experience and roaming — could define a standard document
here with a specific recommendation

®  Go back and discuss what components of the status quo need to be addressed and evolved to achieve the end-
game vision

e Might decide to split up the work into multiple phases, looking first at manual connection, possibly secondly to
the automatic connection

e Develop a guide on how industry players should move from the current status quo to the end-game scenario —
considerations, recommendations and gaps.

8.11 Next Gen Wi-Fi: Wi-Fi 6E and Wi-Fi 7

Ultimately, Wi-Fi 7 advocacy has already commenced, following the same model that has been used for Wi-Fi 6 .
Wi-Fi 6 was the fastest and most-successful launch in Wi-Fi history. The previous generation of Wi-Fi, 802.11ac, was
launched in 2011, and provided only minor incremental improvements over its lifespan. This created significant pent-
up demand for Wi-Fi 6/6E ’s new technology, and it has grown to a 500M device ecosystem in just two years. The
introduction of Wi-Fi 6E in 2021 represents another major technology improvement,building on the benefit of ‘clean’
6 GHz spectrum, and it is clear that the connectivity market demands generational updates on a much faster cadence
than in the past.

As much as Wi-Fi 6 delivers significant KPI improvements, particularly high throughput, reduced latency, and better
performance in crowded environments, Wi-Fi 7 is designed to use all of the newly-available bandwidth, with features
including 320 MHz wide channels, true multi-band/multi-radio Layer 2 carrier aggregation, and multi-AP coordination.

WBA is uniquely suited to this opportunity because it is the only organization that brings together the full connectivity
ecosystem, namely operators, smartphone and access OEMs, and semiconductor vendors. This broad range of
participants can be leveraged to match Wi-Fi 7 capabilities with end customer requirements.
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9 World Wi-Fi Day—Charter and Progress

Much progress has been made since the WBA launched the HOPE for Connectivity charter for World Wi-Fi Day back in

2016. At that time, there were 3.4 billion internet users for a penetration of 46.1%. Since then, the world has added
almost 2 billion internet users to reach almost 5.4 billion.*

While this progress is remarkable, there are still billions of unconnected citizens, many in developing and rural areas.
Wi-Fi has the ability to do a tremendous amount of good and help humans thrive and achieve things that once seemed
impossible, Wi-Fi is the great equalizer to bridge the digital divide. **So, the work must go on to make the 5% utility—i.e.
Wi-Fi—accessible to everyone.

As a reminder, World Wi-Fi Day takes place on June 20" each year, and is a global initiative to help bridge the digital
divide. This day is designed to recognize and celebrate the significant role that Wi-Fi plays in cities and communities
around the world through innovative projects that “connect the unconnected.”

The HOPE for Connectivity charter directs the attention of cities, government bodies, fixed and mobile operators,
technology vendors, and internet giants towards the critical influence and success of wireless connectivity in bridging
the digital divide. It calls on governments, the industry, and the public to recognize and celebrate the important role
of Wi-Fi in socioeconomic development and to advance and accelerate affordable connectivity for the unconnected
around the world.

The HOPE for Connectivity charter focuses on four key themes:*

e Help: fund Wi-Fi deployments to connect unconnected communities around the world
e  Offer: affordable Wi-Fi access to unconnected communities in rural and urban areas

e Promote: the success of Wi-Fi in order to connect cities and communities

e Engage: recognize the function of Wi-Fi to address the digital divide

Access to the internet provides people in developed and developing countries the opportunity to increase their
economic growth, improve their social mobility and computer literacy, as well as enrich their education prospects.

In 2022 the US federal government formally recognized World Wi-Fi Day as part of the official US Calendar.

43 https://www.internetlivestats.com/internet-users/#sources
44 https://wballiance.com/wp-content/uploads/2022/04/WWD-Infographics_Facts-about-Wi-Fi-impacts_03.pdf
45 https://wballiance.com/world-wi-fi-day-about/
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10 Industry Survey—Findings, Summary, and Implications

The WBA'’s annual survey of Wi-Fi stakeholders always provides important indicators of the state of the market and
the developments that are most important to the industry. This year, response was high, with 155 respondents.
Within a diverse base of respondents, the largest percentage was from the operator sector, accounting for 36%, while
geographically, there was strong response from North America and Europe (36% of the total each) and Asia-Pacific
(almost 20%).

Confidence in the Wi-Fi business model continues to be robust despite global economic uncertainties. Over 46% of
respondents said they were more confident about investing in Wi-Fi than they had been a year ago, while 28% said
there was no change. This indicates a healthy state of industry confidence following the pandemic crisis. Last year,
WBA asked specifically how the pandemic had affect confidence in Wi-Fi, and over half said it had increased their
optimism, because of trends such as increased working from home and reliance on high quality connectivity. This
year’s result indicates that Wi-Fi stakeholders are continuing to build strong business plans on the foundations that
some laid during the extraordinary conditions of 2020-2021.

Figure 17

Q4 How has your confidence towards investing in Wi-Fi changed over the last 12 months?
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

More confident
about invest..

Less confident
about invest...

No change on
investment p...

No plans for
investing in...

Confidence in the Wi-Fi investment case is higher than for other wireless technologies that run in unlicensed spectrum.
A total of 34% of respondents were more confident about investing in these compared to a year ago, while 32% said
their views had not changed. However, only 7% had no plans at all to invest in these technologies, highlighting the way
that Wi-Fi can often be complemented by other wireless standards.

OpenRoaming:

Deployments of Passpoint/OpenRoaming continue to rise, with 62% saying they had already implemented these
capabilities, or planned to do so before the end of 2023, which compared to 40% a year ago. A further 25% expect to
deploy the technology in 2024-2025.

Figure 18 shows the wide range of drivers that are encouraging adoption these days, though there are some changes
in the patterns as a result of market maturity. For instance, the top driver in the 2021 survey was to enable seamless
access across many different networks, not specifically between Wi-Fi and cellular. In a reversal of last year’s result,
51% selected seamless access across different networks as a driver, and 33% selected Wi-Fi/cellular access (multiple
responses were allowed). Other key drivers — each selected by more than one-third of respondents - were to improve
customer experience while reducing churn, to increase traffic offload from cellular networks, and to support new
business models. The main barrier to implementing Passpoint or OpenRoaming was overwhelmingly a shortage of
resources (42%).
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Figure 18
Please select the TOP 3 drivers for investing in a Passpoint and/or OpenRoaming compliant network
Q8 Please select the TOP 3 drivers for investing in a Passpoint and/or
OpenRoaming™ compliant network
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Convergence:

Convergence and coexistence are always important topics of the annual report as more use cases emerge that work
optimally over multiple types of connectivity.

In terms of current commercial strategy, 53% said that convergence between licensed and unlicensed technologies was
critical or important today, and 67% that it would be critical or important to their future strategies. For coexistence,
the figures were 59% and 66%. These figures highlight the importance, to many stakeholders, of models that rely on
handover, common access or even full integration with cellular technology. However, the figures are lower than in last
year’s survey, perhaps pointing to the increasing maturity and capability of the Wi-Fi platform, even in standalone
mode.

There is a particular focus on convergence in enterprise settings, where many stakeholders are focused for expansion
of their businesses. In enterprise markets, 70% believe Wi-Fi and 5G will coexist, while 61% said convergence would
support enhanced flexibility for enterprise services.
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Commercial:

The report has set out in detail the increasingly diverse commercial aspects of Wi-Fi business models, and the
respondents considered a long list of ways in which Wi-Fi impacted their commercial success positively today.

Most important among these was the end user experience (90% placed this in their top 3), and the opportunity to
differentiate on quality of experience. Also highly placed was the monetization of Wi-Fi services, with 83% placing this
in their top 3, as the ways to monetize wireless networks increasingly diversify, from simple connectivity to advanced
enterprise services. And 71% highlighted the introduction of Wi-Fi 6E, along with 5G convergence, as a top 3 impact,
reflecting the importance of convergence to many business cases.

In terms of future business cases, there was a greater spread of responses across many factors, reflecting the way that
the Wi-Fi commercial model is expanding. The factor that was placed in the top 3 by the highest number (almost 70%)
was traffic offload, followed by the migration to Wi-Fi 6E/7 plus convergence, and then by migration to Passpoint/
OpenRoaming. All these three impacts reflect the way that Wi-Fi stakeholders expect increasingly to operate in a
converged, multi-access world.

Within these general commercial impacts, survey respondents also considered the individual applications and services
that would drive the most traffic and network growth, and therefore underpin new revenue opportunities. A notable
contrast with last year’s results was the prevalence of video streaming, which was placed in the top 3 by 61% of
respondents, followed by VR/AR, some way behind on 42%, and then by IoT and new roaming services. A year earlier,
loT led the rankings and video streaming was in fourth place. The change in pattern reflects the continuing upsurge in
use of video and other advanced consumer experiences, as well as the interest in metaverse concepts, all of which are
driving traffic growth and new services.

New technologies

The huge increase in video-heavy traffic puts new burdens on capabilities that are required of a commercial Wi-Fi
network, and that will drive investment in new technologies. From a list of 10 wireless connectivity technologies, Wi-Fi
6/6E emerged as the most important, with 53% having already deployed it, and 44% planning to do so before the end
of 2023. For 5G, the same figures were 30% and 22%. Wi-Fi 6/6E was followed by Wi-Fi 7, which 33% plan to deploy in
2022-2023, and then by CBRS, the USA’s shared spectrum band in 3.5 GHz.

When considering adjacent technologies to the connectivity itself, which can enable new services and experiences,
the highest interest was seen in cloud network systems (which 70% placed in 4 or 5 on a scale of 1 to 5) followed by
Wi-Fi Sensing.

The high interest in Wi-Fi 6/6E is driven by many features of the standards, as seen in Figure 19, but the most important
is the ability to access additional spectrum in the 6 GHz band, in many parts of the world, via the 6E extension. Overall,
a total of 77% of respondents said 6 GHz spectrum was critical or important to their business roll-out.

Equally important is OFDMA uplink and downlink to improve overall quality and performance (like new spectrum, this
was placed in the top 3 by 38% of respondents). Other particularly highly-rated capabilities include Multiuser MIMO
uplink and transmission scheduling.
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Figure 19

For Wi-Fi 6 or Wi-Fi 6E, what do you consider to be the 3 most important new and improved features?
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Of course, there is always work to be done on the spectrum and regulatory environment to support the best Wi-Fi
business case. The regulatory issues that emerged as the most important for the respondents (rated 4 or 5 on a scale
of 1-5) were the security, privacy and identity policies, followed by additional allocation of 6 GHz spectrum. These
positions were reversed last year, and the change reflects the expansion of global plans to open up 6 GHz, as well as
heightened concerns about privacy online.

Home and industry services

The past few years of the WBA report have seen a steady diversification of Wi-Fi business models and an intensifying
focus on industrial, vertical and loT use cases. These trends continue, but the importance of consumer, and particularly
home, wireless broadband is not diminished. This year, 77% of respondents support home Wi-Fi, with use cases led
by managed services such as video or loT distribution (58%), and community Wi-Fi, either to support cellular offload
(42%), or to provide a value-add for a home service provider (40%).

There are challenges in delivering home Wi-Fi, the most significant being quality of service, which was cited by 45%,
as users’ quality expectations steadily rise even as they consume higher and higher quantities of data. Other key
challenges are to deliver traffic over multi-access point or mesh systems, to support whole-home consumption, as well
as end-to-end security.

In terms of B2B services, the most important verticals to the respondents’ businesses emerged as hospitality, telecoms/
network providers, and transportation/aviation, each placed in the top 3 by at least 40%. These were closely followed
by education/campuses, smart cities and healthcare.

The choice of verticals is associated with the areas in which stakeholders expect to see the biggest growth in traffic,
and therefore monetization opportunities, in the coming year. These were led by transport hubs, which almost 50%
selected as a top 3 growth location for traffic, smart cities, public squares and hotels.
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Figure 20

Please select TOP 3 areas where you expect to see the greatest growth in terms of traffic in the next 12 months.
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All this growing traffic needs to be monetized effectively, and recent years have seen more operators that succeed
in adopting multiple monetization strategies based on the same networks and traffic flows. When asked about their
top 3 monetization strategies for the coming year, 46% selected marketing and analytics, up significantly compared to
last year, while offload services remained foundational (37% placed them in the top 3 when provided to other Wi-Fi
operators, and 31% when related to MNO offload). Location-based services were also prominent in the list of near-
term opportunities.

While these commercial models are already in use, or are envisaged as new services within a year or less, many
providers are also planning for additional services further ahead. But deploying any new services brings challenges,
and in this year’s survey, these were primarily associated with two factors, establishing a strong business model, and
ensuring quality of experience. Over 50% placed each of these in their top 3 challenges, while availability of devices,
and integration with licensed spectrum networks, were also key barriers.
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City-wide public Wi-Fi

Smart cities, enabled by city-wide public Wi-Fi connectivity, is a business model that involves multiple service providers
and infrastructure owners as well as public and private sector organizations. This makes it particularly complex but also
particularly impactful on daily life and business, and the WBA has been heavily involved in driving this market.

The success of such efforts is seen in the fact that, despite the challenges, 58% of stakeholders are involved, or plan to
be involved, in a city-wide public Wi-Fi deployment. Of those, 36% have already rolled out services, and 44% will do
so by the end of 2023.

There is a heavy focus on outdoor locations, in which 72% expect to be deploying or supporting roll-outs. The services
that respondents expect to offer on city networks are led by smart city services, placed in the top 3 by 69%, followed
by carrier offload and seamless, secure access for users. Roaming will be an important enabler of services, with 59%
having implemented Passpoint/OpenRoaming on city-wide networks already, or planning to do so by the end of 2023.

However, there are challenges that are peculiar to these large-scale city networks too. A full 84% said there are
challenges with establishing a clear business model and monetization strategy, while two-thirds are concerned about
OpEx costs. As providers work to firm up the business model, a clear majority (46%) favor a sponsored approach in
which access is free for end users, but sponsored by a third party, while 22% would pursue a wholesale platform.

11 Case Studies
11.1 Combining Wi-Fi 6E with OpenRoaming™ for Higher Education

Background

Increasingly higher education institutions are using a range of connected devices, both at school and at home. Wi-Fi
networks in schools and universities have enabled students and staff access to information across large sites, and this
is especially important for universities that are spread across different campuses. Emerging applications such as VR
and AR are also being adopted by these institutions to create new learning platforms and experiences, making the
performance of Wi-Fi absolutely paramount to the future of higher education. For that reason, a trial was conducted
at the Polytechnic Institute of Viseu (IPV) in Portugal to test both Wi-Fi ability to support these bandwidth intensive
applications and the seamless onboarding with OpenRoaming.

Problem(s) to be Solved

The trial was a collaboration between IPV, Broadcom, Extreme Networks, Intel, and Samsung. A wide variety of
bandwidth-intensive and latency-sensitive video use cases were tested in a high-density environment, including:

An 8K video feed across the Wi-Fi 6E network, using a Wi-Fi 6E-enabled device as the broadcast platform. Scenarios
included remote teaching with HD video in the classroom and simultaneous student access to HD and 8K videos for
remote learning.

Fast handover for roaming between mobile and Wi-Fi networks, enabling users to seamlessly stay connected as
they move on and off campus without impacting performance, no matter how many users are on the network.
Access to online classroom resources for remote learning, ensuring students can simultaneously access and interact
with the same resources without buffering or increased lag times.
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Implementation of Technology

For this trial, Extreme Networks deployed four of its AP4000 access points in a 1,400-square-meter venue that IPV uses
to host on-campus events. Broadcom, Intel, and Samsung provided laptops, smartphones, and tablets enabled with 6E
chipsets to run the trials.

IPV is the first organization in Portugal to participate in WBA OpenRoaming. Students, teachers, and other users
on campus are now able to automatically connect to a high-speed, secure, carrier-grade Wi-Fi 6 network without
experiencing disruption to their wireless network connection.

Results Obtained / Lessons Learned

During the trial, a maximum download speed of 1.7 Gbps was reached, which is close to the AP4000’s maximum
possible throughput. The speed of the Wi-Fi 6E connection demonstrated during the trial will enable IPV to increase
its offerings for immersive hybrid learning, which is quickly becoming a more popular option for students in Europe.
IPV is a technology-driven university, and Wi-Fi 6E will enable it to increase its use of technology for students on and
off campus, giving them the skills necessary to obtain a job after graduating. Additionally, IPV delivers regional Wi-Fi
for the local municipality, and Wi-Fi 6E will ensure it has the bandwidth necessary to offer connectivity for students as
well as local citizens who need to use it.

OpenRoaming

During the trial, IPV students had no issues transferring between the OpenRoaming and the Wi-Fi 6E network. IPV
currently is exploring the possibility of using OpenRoaming to seamlessly integrate its Wi-Fi 6E network with cellular
networks.

Key benefits of OpenRoaming included:

e  Simplified connectivity for users and reduced demands on IT

Previously, European regulations forced IPV’s IT team to add and remove network users manually, including staff
members and students, making it complicated to access Wi-Fi on campus. With OpenRoaming, students and staff
on IPV’s campuses can easily connect to the wireless network without losing account settings or history, and the
IT team can focus on furthering the use of technology across the IPV campus.

e Improved student outcomes and opportunities

OpenRoaming simplifies IPV’s ability to expand programming and bring new events to campus without requiring
the IT team to set up secure network access each time. They can provision different levels of service for different
users and events depending on specific needs. IPV’s student base can now access resources through the same
user account across all their devices on IPV’s campus without paying for a broadband connection or setting up a
new account.

e Increased wireless network security

IPV and similar organizations can benefit from the freedom of OpenRoaming without opening themselves to
potential security risks or failing to comply with local regulations. OpenRoaming leverages existing security
protocols—such as Passpoint, RADSec, and standards 802.1x and 802.11i—to ensure network security without
compromising user privacy. It pairs Wi-Fi network providers with identity providers, such as mobile operators
and ISPs, who register authenticated users and enable them to connect to any participating wireless network
automatically.

Next Steps

Future trials will be conducted as new devices with 6E chipsets hit the market, including augmented and virtual reality
(AR/VR) devices that will enable immersive classroom experiences and provide faculty and students with new ways to

interact.
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11.2 OpenRoaming™ in Japan with Cityroam

Background

Cityroam is an independent roaming federation hosted at Tohoku University in Japan and a certified implementer of
WBA OpenRoaming. Cityroam and eduroam deployed OpenRoaming-capable Wi-Fi routers in select venues.

Problem to be Solved

In Japan, the cost of Wi-Fi roaming has been too high for Wi-Fi operators to adopt widely. Moreover, conventional free
Wi-Fi systems are often seen as insecure and cumbersome in the absence of a standardized secure roaming platform.
As a result, it has been challenging for operators, especially small ones, to introduce secure roaming services to public
Wi-Fi. Cityroam faced difficulties with creating and authenticating new users without a common roaming system.

In this context, Tohoku University decided to extend its eduroam network off campus—for the university population
to be able to roam and the general population to be able to enjoy free and seamless Wi-Fi connectivity. As a result
Cityroam and eduroam partnered to provide an affordable roaming platform for various roaming consortia, operators,
public entities and businesses who are interested in joining the eduroam roaming system.

Implementation of Technology

Cityroam deployed OpenRoaming at various locations throughout Japan, particularly in Kyoto City and Nagano City.
Thus far, over seventy sites have been connected with CityRoam, including cafes, hotels, shopping malls, and rail
stations. The first sightseeing buses with OpenRoaming were operated in Ibaraki Prefecture.

Cityroam is also providing the roaming infrastructure for the newest innovation smart poles in Nishi-Shinjuku by
the Tokyo Metropolitan Government (TMG). The WBA provided Cityroam with the necessary assets to maintain the
OpenRoaming service, including a WBA Identifier (WBAID) and standard roaming code, together enabling access to
global identity providers.
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The Cityroam service frees travelers, venue partners, hospitality venues, transportations, venue employees, and
other users from the repeat registration and login that public Wi-Fi networks often require. Instead of reregistering or
reentering login credentials, Cityroam users enjoy the convenience of instant network access matched with enterprise-
grade security. When coupled with the Cityroam infrastructure, OpenRoaming also helps provide a carrier-grade Wi-Fi
experience.

When compared to OpenRoaming, there are some different approaches in eduroam adoption. Operators should base
their choice depending upon their individual skills and/or business models. The most preferred is to add the eduroam
SSID to the access points, from which all eduroam users can quickly benefit. Another approach is to let eduroam users
install Passpoint profiles on their devices for getting on the network via OpenRoaming.

Results Obtained / Lessons Learned

Cityroam developed a secure roaming testbed system in Japan, launching a pilot service of secure public Wi-Fi with
international roaming capabilities. While students—and users in general—do not seem much concerned about
security, Cityroam is. Since Cityroam is based on the eduroam-integrated architecture, all eduroam users can roam and
get on the network securely without any configuration change on their devices.

“Our unique eduroam/OpenRoaming combined architecture and federation of Cityroam have helped us a lot in
deploying OpenRoaming access points at a wide variety of venues in a short period of time. This could not be achieved
without the cooperation of multiple Wi-Fi operators in Japan. While eduroam usage accounts for 75% at the moment,
OpenRoaming usage is also growing, and we expect many more people will quickly benefit from the secure and
seamless Wi-Fi when many telecom/ISP companies enable OpenRoaming.”

— Dr. Hideaki Goto, Associate Professor of Tohoku University and Founder of Cityroam
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Next Steps

As the monetization aspect remains elusive, Cityroam will continue to focus on settlement-free model and make
every effort to convince ISPs to join the federation. Cityroam will also leverage the Internet Initiative Japan (l1J)* to
develop new ID management systems. CityRoam will continue to expand into new locations such as schools as well
as off-campus sites (in particular tourist sites). Future technical developments include enabling SIM card holders to
automatically join Cityroam and improving the level of compatibility between eduroam and OpenRoaming.

11.3 Enabling Industrial loT (lloT) with Wi-Fi

Background

Although Wi-Fi has long been used in industrial environments, that has not been the case with critical workloads. WBA
members Intel and Cisco have performed a number of trials to test the use of Wi-Fi for popular use cases in industrial
environments. The preliminary results presented in a recent white paper are encouraging, and Wi-Fi has demonstrated
a solid performance for most non-mission critical lloT use cases.”

Problem(s) to be Solved

The two pain points for the use of Wi-Fi in industrial environments are roaming and interference management.

e Roaming: Autonomous mobile robots (AMRs) and automated ground vehicles (AGVs) are widely deployed and
used in factories, warehouses, and logistics businesses. They are used to carry and deliver parts, products, and
materials from a variety of sources and destinations, be it inside a building or outside on a loading dock. Because
these machines move around all the time, roaming must be seamless across access points which require latencies
of less than 20ms.

e Interference Management: Industrial environments are prone to RF interference even though they are managed
private networks. The layout of these facilities can change as production lines are reorganized and parts and tools
are moved around, thus creating new obstacles for good RF signal propagation.

Implementation of Technology

Both AMRs and AGVs are increasingly equipped with onboard sensors (radar, lidar, optical, etc.) to detect the platform’s
environment in real-time and using actuators (arms, conveyor, etc.) to assist in moving materials to/from the platform
itself. When connected via Wi-Fi, this data can place a high load (e.g., 50-250Mb/s) on the uplink. AMRs/AGVs are
typically deployed in numbers at a given site; therefore, a single AP may need to support 10+ platforms simultaneously
driving perhaps 2.5Gb/s throughput. Meeting these demands requires increased bandwidth, efficiency, and higher
data rates. Wi-Fi 6/6E provide up to 160MHz channel width for multi-Gbps, 1024 QAM data rates, and increased
efficiency with UL/DL OFDMA. Wi-Fi 6E provides additional spectrum capacity and eliminates backyard compatibility
and contention from legacy devices altogether.

Given AMR/AGYV platforms can roam both inside and outside a facility—for example, warehouse to port—it isimportant
that the mobility between the indoor micro (e.g., Wi-Fi) and outdoor macro networks (e.g., 5G) operates in real-time
and that latency bounds are preserved without noticeable packet loss. To achieve this outcome, the handoff process
must be optimized at a system-level (AP, STA, gateways, etc.) via mobility management techniques that leverage
relevant standards.

Results Obtained / Lessons Learned

Robots need to offload their data to the AP, which then needs to compute and send control back to the robot within
milliseconds. Intel and Cisco adjusted the underlying roaming algorithm to improve roaming functions above and
beyond the specifications of the various 802.11 amendments k, v, and r.

46 https://www.iij.ad.jp/en/

47 https://wballiance.com/resource/Wi-Fi-6-6e-for-industrial-iot/
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The test resulted in acceptable latencies below 20ms for seamless roaming across the facility. Wi-Fi deterministic
features were also tested with time sensitive networking (TSN). While TSN has many aspects, most wireless use cases
can be supported by time synchronization, scheduling (Qvb), and some elements of 802.11Qcc configuration.

Figure 22
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Next Steps

The WBA Wi-Fi 6/6E for Industrial loT group will move forward and perform real live proof-of-concepts of the multiple
use cases presented in the above-mentioned white paper. The Wi-Fi industry needs to become more familiar with the
challenges and realities faced by industries 4.0 and educate the operational teams about the new possibilities offered
by Wi-Fi latest generation in the context of the 6Ghz spectrum. Wi-Fi is well suited for most industrial use cases that
don’t require less than 10ms bounded latencies. While Wi-Fi remains of limited use for coverage scenarios, no doubt
the innovations made possible with AFC thanks to higher output power will help extend Wi-Fi coverage outdoors.

11.4 WBA Partnerships Supercharging In-Flight Connectivity (IFC)

In-flight connectivity is rapidly expanding as airlines recognize its value. Passengers—particularly the younger
demographic (aged 18-35)—expect the same connected experience in the air as they have on the ground. The in-
flight connectivity (IFC) experience goes beyond greater speeds to encompass seamless onboarding and attractive
payment options.

The in-flight Wi-Fi passenger experience is a function of many things. These include the ease with which the passenger
can connect to the cabin Wi-Fi system, the simplicity and relevance of the products, consistency of experience and
options, and the ease with which the passenger can pay. These facets are often overlooked in discussions about
passenger experience which tend to focus on network speed. As satellite networks get ever faster and with the
introduction of LEO*® networks, discussions about “speed” should become a thing of the past as our focus shifts to
making it very easy to connect and pay.

48 Low Earth Orbit
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In this case study, we present the work of WBA member Panasonic to enable seamless in-flight connectivity as one
organization alone cannot handle all the parts of this complex offering.

Problems to Be Solved

While in-flight Wi-Fi is poised for steady growth, there are a number of technology and business challenges still being
overcome. A fragmentation of approaches still prevents airlines from deploying clear and convenient user services or
understanding how to monetize in-flight Wi-Fi.

The current fragmentation even prevents delivering an overall connected experience across regions. This lack of
common best practices, combined with the high cost of certified wireless equipment onboard, impairs the in-flight
Wi-Fi business case for the airlines. Over the next few decades, the airline industry will be forced to adapt to a scenario
where connectivity can potentially become a basic and essential asset of any flight. Therefore, it has become more
important than ever to understand what the options are for enabling technology and connectivity onboard, as well as
how to monetize this service.

Over the last decade, a wide range of monetization options have been implemented by airlines, and the services
vary according to region and usage. The first and arguably most generic option is simply charging the connectivity
to the end user, either in the form of unlimited usage or limited to a specific data volume (e.g. MBs) consumed, but
the take-rate of that offering has been very low so far (5-7% range)*. “Free” Wi-Fi (included in the ticket price) is also
being experimented with, but the question as to who pays for the connectivity cost remains. Therefore, a “sponsored”
approach is being explored along with advertising to cover these costs.

Another option is to provide Wi-Fi only within select geographies—such as within the same country—to avoid complex
roaming agreements. So far, though, no business model seems to have quite enabled a frictionless experience to
travelers. To connect, passengers need to go through a number of obstacles, which include entering credit card details
in the captive portal or downloading a specific application and choosing a specific plan, but all without any assurance
as to what speeds and quality of service they can expect.>®

New Way forward

WBA members Panasonic, DT and others have been working together to develop new solutions for IFC. Some members
developed multiple approaches to help airlines make it easy and attractive to provide Wi-Fi to their passengers.

Another WBA member, Panasonic Avionics, introduced various forms of payment options. Moving forward, it expects
LEO satellite constellations to provide a consistently high quality of experience globally, providing peace of mind for
both airlines and passengers.

“The passengers need clarity and certainty of price when connecting to the in-flight internet. The passengers do not
know how many MB’s is required to browse the internet, send a message, stream a video and so on.” Panasonic.

Passenger pricing must be both time-based as well as service-based such as “full-flight” chat, surf, or stream without
the hassle of worrying about how much time is left or how many MBs have been consumed. Panasonic actively
encourages the airline to price in this way.

Payment continues to get easier, as passengers will always have their mobile devices ready. Being able to use Apple
Pay, Alipay, their Wi-Fi carrier account (such as Boingo IPass), or even their mobile subscription just makes it intuitive
to pay and connect.

Next Steps

Panasonic is carefully watching how the WBA promotes standards such as Passpoint and OpenRoaming which help to
make the Wi-Fi connection even easier and open the ecosystem to even more partners. Whereas the technology exists
and will become increasingly prevalent in the cabin access points, “we need to work hard as a community to bring the
mobile operators with us and ensure that a Wi-Fi roaming service is commercially attractive to all stakeholders—the
MNO, the airline, and the connectivity providers such as Panasonic.”

49 Deustche Telecom

50 Referenced in WBA Inflight Paper published in 2022
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The WBA’s main goal is to enhance the connectivity journey further for airlines and their passengers. Given there is still
friction, partners want to play their respective roles in simplifying the experience—helping airlines introduce a more
seamless method of connection to enhance the passenger experience and enable more opportunities for revenue
generation for airlines.

All partners plan to continue to assess the Wi-Fi technologies being worked on in the WBA to address further problems
in the cabin—such as Passpoint and RCOI prioritization (Roaming Consortium Organization |dentifier, a parameter
broadcast on Wi-Fi networks indicating that a roaming service is available).

11.5 OpenRoaming Powering Adentro’s Guest Wi-Fi for In-Location Businesses
Background

The ease and convenience of online shopping has changed consumer expectations for brick-and-mortar stores and
in-location venues in general. Today, in-store shoppers are using mobile devices to compare prices, research products,
and access social media. Retailers and venues have realized that providing connectivity to their customers is enabling
them to gain insight into consumer behavior to which they had not had access in the past. In many instances, though,
these retailers or restaurants are providing free guest Wi-Fi that is often insecure and cumbersome to onboarding.

Problem to Be Solved

In-location businesses are competing against giant online retailers who use all the tools in the box—from cookies to
artificial intelligence—to gain an intimate knowledge of their customers. At the same time, the majority of in-location
customers expect some form of free Wi-Fi, whether that be at a coffee shop, a restaurant, a theater, or a stadium. The
challenge is how to meet that expectation in a responsible way, with minimal impact and overhead, while maximizing
the value to the business in providing Wi-Fi.

Providing secure Wi-Fi based on a password is always an option. However, the business now has to hand out or publicly
post a password that is common to everyone, and this increases the overhead of providing Wi-Fi. Adentro’s guest Wi-
Fi-based solutions are designed for seamless interoperability and personalized experiences to connect consumers with
businesses, generating insights and analytics for merchants.

OpenRoaming helps address guest Wi-Fi connectivity issues by providing seamless, secure connectivity without the
need to maintain and hand out SSID names and passwords. It provides an opportunity to reach a broader audience
through support of a broad range of profiles able to connect to that network.

Implementation of Technology

As Wi-Fi evolved and service providers and consumers became more concerned with privacy and security, Adentro
launched its Secure Wi-Fi offering based on Passpoint technology. Through Secure Wi-Fi by Adentro, users access
the open Wi-Fi and are given the following options: one, to continue on open Wi-Fi; or two, to download an Adentro
Passpoint profile that will give them access to its network of thousands of locations with a secure, encrypted connection.

There was an initial challenge when enabling Adentro’s network for OpenRoaming that involved both making the
roaming experience completely seamless, but also interacting with the customer when they enter a new business’
location. Adentro’s solution supports roaming across its network, but when an individual is new to a specific business,
they will be presented with a welcome page in their mobile browser. The user can choose to opt-in at that location by
providing an email and acknowledging terms and conditions. If they choose to opt-in, they will be fully enabled to roam
across that business’ locations now and in the future. If they choose to continue without opting-in, they will be able to
use that business’ secure Wi-Fi for that session; however, if they return in the future, they will be asked to opt in again.
It is completely up to the Wi-Fi user which path they want to take.

Due to differing access point and mobile device features (such as between Apple and Android), there is a workflow-
specific technology stack that Adentro developed to provide that consistent user experience. The take-up rate of
Passpoint profiles is much higher among Android devices because the installation process is very easy and quick.

Adentro also supports a wide range of access point manufacturers. A few of those types do not support OpenRoaming
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or Passpoint, and some do not support the portal capabilities needed for a rich user interaction. In these cases, Adentro
works with businesses to offer upgrades to fully compatible hardware.

Results Obtained / Lessons Learned

In the initial launch at 2,000 locations, Adentro saw an immediate uptake in Passpoint profile downloads and many
thousands of installs per week. Other important indicators include the number of return customers, off-line and online
conversion as a result of promotions, and other consumer touch points.

The Secure Wi-Fi offering requires a user to download and install an Adentro profile. Through its involvement in
the Wireless Broadband Alliance (WBA), Adentro saw the value in expanding its network beyond Adentro Passpoint
profiles and updating the infrastructure to fully support the OpenRoaming standards. This would expand the guest
Wi-Fi experience in the Adentro network to a broader user base, giving people the option to roam onto Wi-Fi at
its customers’ business locations. Currently Adentro supports a number of settlement-free profiles and has trials
underway with commercial partners.

There are many synergies across stakeholders enabled by OpenRoaming. For example, some stakeholders are looking
to offload traffic to another network in order to manage capacity and quality of service, while others are looking to add
value to an existing network through broader geographical coverage. Still others, like Adentro, are looking to connect
businesses to new and existing customers.

Through OpenRoaming, stakeholders are able to combine their unique offerings to increase the scope of individual
solutions and services and/or add new value and new capabilities to those solutions. Partnerships facilitated by clearly
defined business frameworks, technical standards, and built-in data protections drive these synergies. This is an area
in which Wireless Broadband Alliance and its member-based structure plays a key role.

Some of the existing challenges still include the fact that some access points do not support Passpoint and pop-up
functionality for captive portals. On the device side, while Android devices are very Passpoint friendly, this is not yet
the case with Apple devices. Some device standardization is needed to harmonize the Passpoint experience.

Next Steps

Adentro has several initiatives underway, but to summarize, Adentro’s OpenRoaming goals for 2022 and into 2023 are
focused in three key areas:

e Expanding OpenRoaming locations and the adoption of the Adentro profile
e Enabling new opportunities through partnerships with network and identity providers

e Continuing to refine its user experience as new standards and new device and access point capabilities are introduced

11.6 RAN Convergence with Rakuten Symphony

Rakuten Group, Inc. is a Japanese electronic commerce and online retailing company based in Tokyo, founded by
Hiroshi Mikitani in 1997. Last year, Rakuten Group set up a separate subsidiary, Symphony, to commercialize the
integration and experience gained by its MNO unit’s cloud-native roll-out Rakuten Mobile in Japan. It will package and
pre-integrate solutions based on its own choice of suppliers and will expand these to include other options too, while
offering paid-for integration, testing and deployment services.

RAN Trends

Open RAN and vRAN are the latest examples of trends that have potential to transform the operators’ business models
and cost bases over time. Rakuten migrated from a virtualized network based on virtual machines (VM) to a fully
cloud-native architecture based on more agile and modern containerization. This will lead to a network in which “100%
of every workload will be cloud-native storage, completely microservices-architected, completely orchestrated by
Rakuten Symphony’s own orchestrator and running on a 100% indigenously developed cloud environment,” Rakuten
Symphony CEO Tareq Amin. Early indicators from the Open RAN trailblazers such as Rakuten and Dish suggest that,
after an initially cost-intensive deployment and integration period, a cloud-based network will enable high levels of
automation and a dramatically leaner workforce than in a traditional operator.
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An end-to-end, open and virtualized network is, of course, far more challenging to achieve than open xHaul interfaces,
and for established operators planning their 5G macro networks, it is likely to take a long time for the dream to be
fully realized. Virtualizing large-scale public mobile networks is a massive undertaking in its own right, and the jury
remains out as to whether this will be quicker and less risky with a single-vendor approach (at least avoiding some
integration headaches); or whether open disaggregated architectures, like those proposed by the O-RAN Alliance, will
speed progress and stimulate innovation.

The key to the second, more ambitious vision of open networks is that it must not be confined to the RAN (or any
other domain). It must indeed be end-to-end, taking in core and transport; and top-to-bottom, embracing open silicon
as well as open applications; and for many operators, it will need to be side-to-side too, converging fixed and mobile,
IP and optical.

The Rakuten Mobile Network in Japan

The all cloud-native mobile network in Japan had 12,544 5G base stations in commercial service at the end of Q1,2022
which shows Rakuten on its way to catching up with Docomo’s 20,000.

Symphony argues that operators should trust its platform and services because they have been proven in a major
network in Japan, which now boasts 96% population coverage based on 290,000 cell sites (most of them still 4G and
some 5G) almost four years ahead of schedule. It claims the technology, automation and processes used in Japan have
delivered 40% lower capex compared with traditional architectures. The company has deployed 100,000 residential
femtocells with Wi-Fi integrated and will add a similar number in the next year. Some small cells have been deployed
indoors in shopping malls and offices to provide coverage.

Convergence Strategy

All radio infrastructure deployed by Rakuten is multimode cellular + Wi-Fi. The company has joined the WBA in 2021
and is currently evaluating what use cases are best served with cellular vs Wi-Fi and given the network is recent,
Rakuten has not faced capacity issues, yet which require Wi-Fi offloading or roaming. Wi-Fi calling is not allowed in
Japan by the government and therefore not supported by Rakuten which indicated they still see a lack of support for
this feature by device vendors as an issue. There are still many aspects of convergence that Rakuten is keen to learn
from access cost analysis to use cases for cellular and Wi-Fi.

The launch of Symworld marks the first major milestone on the road to a fully packaged and productized version of
RCP (Rakuten Communications Platform), with the aim of making the platform far more accessible to a wide range of
operators than early Open RAN technologies. Early movers have had to invest in significant levels of integration and
inhouse development to stitch together cloud-based network functions plus radios, underlying hardware and other
elements from multiple vendors.

Symphony houses all Rakuten’s telecoms products, services and solutions for 4G and 5G, and the work to develop a
broad ecosystem of supporters for RCP. This will enable solutions ranging from an online store in which deployers can
select components, software and simple pre-integrated systems, to more complex networks that will be accompanied
by integration services from Symphony itself. These will include planning, deployment and management, as well as
supply of RAN, core, cloud and operations platforms. It remains to be seen what role Wi-Fi will play in the Symphony
strategy going forward.

Special thanks to all companies that supported the production
of this years Industry Report:

Adentro, American Tower, AT&T, Boingo Wireless, C Dot, Charter, Cisco, CityRoam, Deutsche Telekom, Enea, ER
Telecom, Extreme Networks, Guglielmo, Hotwire, Inmarsat, Intel, Lifemote, Meta, Minime Labs, Monzoon Networks,
NetExperience, Panasonic, Polytechnic Institute of Viseu, Rakuten, Single Digits, Samsung, Spot On Networks, and
Universal Creative.

For other publications please visit:

wballiance.com/resources/wba-white-papers READ M O RE

To participate in future projects, please contact:
pmo@whballiance.com
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