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Introduction: Looking back
and ahead

The past few years have been big
for Wi-Fi. First, 802.11ax, or Wi-Fi 6,
was certified by the Wi-Fi Alliance in
the fall of 2019. Unlike past upgrades,
which focused solely on faster speeds
and bigger channels, Wi-Fi 6 highlight-
ed efficiency by introducing multi-user
concepts. But this development was
nothing compared to the emergence
of Wi-Fi 6E, which refers to extending
Wi-Fi 6 into the 6 GHz band. With this
decision, the Federal Communications
Commission (FCC) made an additional
1,200 megahertz of spectrum available
for unlicensed Wi-Fi use, and accord-
ing to most industry experts, it was the
biggest thing to happen to Wi-Fi in the
last decade.

Now, though, everyone is talking
about Wi-Fi 7, also known as Extreme-
ly High Throughput, thanks to its
support of up to 30 Gbps throughput,
roughly three times faster than Wi-Fi
6. The next generation of Wi-Fi also
promises higher spectrum and power
efficiency, better interference mitiga-
tion, higher-capacity density and bet-
ter cost efficiency.

This report will take a look back and
ahead to both evaluate the state of 6/6E
adoption and delve deeper into what
makes Wi-Fi 7 such a standout. It will
also lay out several challenges that come
along with such drastic advancements,
particularly those around multi-user
Wi-Fi and the reality that the decision

to open up the 6 GHz band for Wi-Fi op-
eration is a regional one, and that not

every country has opted to do so.

Wi-Fi 6/6E

The most obvious improvement that
Wi-Fi 6 will offer over previous gener-
ations of Wi-Fi is, of course, speed. In
fact, when used with a single connect-
ed device, maximum potential speeds
should be up to 40% higher compared
to Wi-Fi 5 — a 6.1 Gbps increase. This
feat of speed is accomplished through
more efficient data encoding, resulting
in higher throughput. While the 9.6
Gbps speed of Wi-Fi 6 is more of a the-
oretical maximum, this speed can be
split up across a whole network of de-
vices, resulting in speed improvements
for each device on the network.

Additionally, unlike Wi-Fi 5, Wi-Fi
6 utilizes a channel access method

called Orthogonal Frequency Division

The generations of Wi-Fi

IEEE standard Frequency
Wi-Fi 1 (802.11b) 2.4 GHz
Wi-Fi 2 (802.11a) 5.4 GHz
Wi-Fi 3 (802.119g) 2.4 GHz
Wi-Fi 4 (802.11n) 24 &5 GHz
Wi-Fi 5 (802.11ac) 5 GHz

Wi-Fi 6/6E (802.11ax)

Wi-Fi 7 (802.11be)

2.4,5GHz &6 GHz

2.4,5GHz &6 GHz

Multiple Access, or OFDMA. The meth-
od allows for the division of a wire-
less channel into a large number of
sub-channels, with each one carrying
data intended for a different device.
“Wi-Fi 6 was very important for the
Wi-Fi industry,” said Jeorg Koepp, IoT
Rohde

and Schwarz. “I always call it a kind of

market segment manager at

revolution ... because it was necessary
for [Wi-Fi] to go the next mile.”

Wi-Fi 6E, though, is not a genera-
tion of wireless technology. Instead, it
refers to the ability for Wi-Fi to lever-
age the 6 GHz band for unlicensed
operation. The United States Federal
Communications Commission (FCC)
approved opening up the entire 6 GHz
frequency band (5.925-7.125 GHz) for
unlicensed use, including Wi-Fi 6 tech-
nology, in April 2020, a decision many
called monumental. In fact, at the time,
the Wireless Broadband Alliance’s CEO

Maximum Year
data rate certified
11 Mbps 1999
54 Mbps 1999
54 Mbps 2003
600 Mbps 2008
6.9 Gbps 2014
9.6 Gbps 2019/2021
46 Gbps TBD
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WI-FI 6E-capable handsets

(as of October 2022)

Samsung Galaxy S21 Ultra
Xiaomi Mi 11

ASUS ROG Phone 5

Xiaomi Mi 11 Ultra

ASUS Zenfone 8 and 8 Flip
ASUS ROG Phone 5 Ultimate
Galaxy Z Fold 3 5G

Samsung Galaxy S22 Plus and S22 Ultra
Google Pixel 6 and 6 Pro

Nubia Redmagic 7

Google Pixel 6a

Galaxy Tab S8+ and Tab S8 Ultra
Nubia Red Magic 7 Pro and 7s Pro
Galaxy Z Fold 4 5G

Motorola Edge 2022

Motorola X30 Pro

Motorola Edge 30

Motorola Edge 30 Ultra
Motorola Edge 30 Pro

Motorola Edge 30 Fusion

Moto Razr 2022

Tiago Rodrigues said that “Wi-Fi 6E will
rewrite the rules of what is possible”
and that it will lead to “higher speeds,
low latency and service levels that are
equivalent to 5G networks.”

Wi-Fi 6E promises to deliver faster
connectivity speeds and improved ca-
pacity when compared to both 2.4 GHz
and 5 GHz Wi-Fi, making it ideal for
smartphones, tablets, laptops and virtu-

al/augmented devices. The multi-user,

multiple-input, multiple-output tech-
nology (MU-MI-MO) capabilities of
Wi-Fi 6, combined with 6 GHz, will also
create a number of use cases both in
the home and in the enterprise space.
Further, inefficient legacy Wi-Fi devic-
es won’t operate on the 6 GHz band,
and therefore, won’t bog down the net-
work. As a result, the new technology
is expected to be ideal for indoor mesh
connectivity, as well as delivering more
reliable video streaming and home se-

curity connections.

Wi-Fi 6/6E adoption

The Wi-Fi Alliance predicts that by
2025, Wi-Fi 6 and Wi-Fi 6E will sur-
pass 80% market share, while IDC
estimates that by the same year, there
will be 5.2 billion Wi-Fi 6 product
shipments, 41% of which will be Wi-
Fi 6E devices. Further, the Wireless
Broadband Alliance provided a more
recent update, finding in its October
Annual Industry Report that 53% of
service providers, technology vendors
and enterprises have deployed Wi-Fi
6, and an additional 44% said they
are currently working to adopt Wi-Fi
6FE in the next 12-18 months.

According to the Wi-Fi Alliance, this
global growth can be attributed to the
combined momentum around prod-

ucts, deployment and regulations.

Product momentum
The Wi-Fi Alliance expects that more
than 2.3 billion Wi-Fi 6 products and

350 million Wi-Fi 6E products will
enter the global market in 2022, and
that more than 15% of all Wi-Fi 6 ship-
ments this year will also be Wi-Fi 6E.
Alex Roytblat, vice president of world-
wide regulatory affairs at Wi-Fi Alliance,
reported that as of November 2022,
Wi-Fi Alliance has certified more than
660 Wi-Fi 6E devices for Wi-Fi 6E, from
smartphones to laptops to access points.
Keysight Technologies’ Senior Appli-
cation Engineer Bill Koerner said that
in the U.S., specifically, there has been
a material increase in Wi-Fi 6E certifica-
tions by the FCC. “In the U.S., the FCC

“In the U.S., the FCC has seen
certifications for 6E products
increase substantially, from
an estimated 89 products

in 2020 to over 285 as of
November 2022.”

Bill Koerner, Senior Application
Engineer, Keysight Technologies
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Wi-Fi 6 shipment forecast

Hllonn

x CERTIFIED
cedtification starts

has seen certifications for 6E products
increase substantially, from an estimat-
ed 89 products in 2020 to over 285 as
of November 2022. Most of these devic-
es have been station or client devices,
such as smart TVs and Wi-Fi cards for
computers,” Koerner said.

He added that reporting data for the
European Union is harder to come by
because manufacturers are not re-
quired to get their products certified
before use, as in the case of the Unit-
ed States. “Therefore, it is difficult
to predict the growth of 6E products
available for use in the EU,” he ex-
plained. “Given the EU adopted their
portion of the 6 GHz spectrum in late
2021, it is reasonable to expect the
number of 6E products is lower than
the U.S.”

This year also saw Broadcom hit the
key milestone of surpassing 1 billion
Wi-Fi 6 and Wi-Fi 6 E chip shipments,
while Extreme Networks shared on an

Source: IDC
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April earnings call that Wi-Fi 6E has

become 10% of its bookings.

Deployment momentum

The benefits of Wi-Fi 6E have been
demonstrated in deployments across
several verticals including education

and large-scale entertainment. The

University of Michigan, for example,
has installed 16,000 Aruba Wi-Fi 6E
access points across 225 campus build-
ings in what is thought to be the larg-
est deployment of its kind to date.
“People are getting download speeds
of upward of 300 to 400 megabits per
second, which allows us to reduce the
number of wired ports that we have
across the campus and reduce the
number of switches in all of our clos-
ets,” the university’s Vice President of
IT and CIO Ravi Pendse commented.
“You're talking about almost 80,000
wired ports being removed or reduced.
That saves us several thousand switch-
es in the closets.”
The  Chase
Francisco—home of the Golden State

Center in San

Warriors—also installed more than
250 Wi-Fi 6E Aruba access points to

The Chase Center in San Francisco has more than 250 Wi-Fi 6E access points.
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enable thousands of fans to simultane-
ously stream videos and share photos,
listen to the play-by-play commentary
and pull up match statistics from the

Warriors + Chase Center app.

Regulatory momentum
The U.S. was the first country to open
up the 6 GHz band for Wi-Fi; however,

as of November, 31 countries across

the Americas, EMEA and APAC have
followed suit, and an additional 13 are
considering doing the same. But all
adoption is not created equal, which
Koerner thinks will result in some “in-
teresting” impacts on the market.
“Over the last year, the number of
countries adopting part, or all the 6
GHz band has increased. A portion
adopted different

have frequency

ranges. For example, some countries in
the EU have adopted 5945-6425 MHz,
while the rest have adopted 5925-
6425 MHz. This will place more design
constraints on device manufacturers.
Some countries have adopted 5925-
6425 MHz but are considering the
range of 6425-7125 MHz. This could
create interesting market deployments

for device manufacturers, as they may

Countries Enabling Wi-Fi in 6 GHz (Wi-Fi 6E)

Argentina Considering
Australia Adopted
Considering
Bahrain Adopted
Brazil Adopted
CEPT Considering
Canada Adopted
Chile Adopted
Colombia Adopted
Costa Rica Adopted
Dominican Republic Adopted
Egypt Considering
European Union Adopted
Guatemala Adopted
Honduras Adopted
Hong Kong Adopted
Considering
Iceland Adopted
Japan Adopted
Considering

5925-6425 MHz

5925-6425 MHz
6425-7125 MHz

5925-6425 MHz
5925-7125 MHz

Jordan
Kenya

Liechtenstein

5925-6425 MHz iy
(*only considering Mexico
5945-6425)

Morocco
5925-7125 MHz New Zealand
5925-6425 MHz

Norway
5925-7125 MHz

Oman
5925-7125 MHz

Peru
5925-7125 MHz Qatar
5925-6425 MHz
5925-6425 MHz Saudi Arabia

(*only adopting

5945-6425) South Korea

5925-7125 MHz Switzerland

5925-7125 MHz Tunisia
Turkey

5925-6425 MHz
6425-7125 MHz

5925-6425 MHz
(*only adopting
5945-6425)

5925-6425 MHz
6425-7125 MHz

United Kingdom

United States

United Arab Emirates

Adopted 5925-6425 MHz
Adopted 5925-6425 MHz
Adopted 5925-6425 MHz

(*only adopting

5945-6425)
Adopted 5925-6425 MHz
Considering 5925-7125 MHz
Adopted 5925-6425 MHz
Adopted 5925-6425 MHz
Adopted 5925-6425 MHz
Considering 5925-6425 MHz
Adopted 5925-7125 MHz
Adopted 5925-6425 MHz
Considering 6425-7125 MHz
Adopted 5925-7125 MHz
Adopted 5925-7125 MHz
Adopted 5925-6425 MHz
Considering 5925-6425 MHz
Considering 5925-6425 MHz
Adopted 5925-6425 MHz
Adopted 5925-6425 MHz
Considering 6425-7125 MHz
Adopted 5925-7125 MHz

Source: Wi-Fi Alliance
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B Adopted 5925-6425 MHz

B Considering 5925-6425 MHz

 Adopted 5925-6425 MHz, Considering 6425.

B Adopted 5925-7125 MHz

Considering 5925-7125 MHz

7125 MHz

need to have their original products
reassessed in the future should those
countries adopt the higher frequen-
cies. They may also decide to leave
their existing products with the origi-

nal frequency range,” he said.

Wi-Fi 7:

The next generation on the docket,
Wi-Fi 7 (or 802.11be), is designed

from the ground up for operation in

Source: Wi-Fi Alliance

the 6 GHz, resulting in some really
powerful capabilities. Specifically, Wi-
Fi 7—which is expected to be certi-
fied at the end of 2023 —will deliver
higher spectrum and power efficiency,
better interference mitigation, higher
capacity density and better cost effi-
ciency. And its projected ability to sup-
port up to 30 Gbps throughput makes
it ideal for the enterprise space as they
continue their digital transformations,
adding AR/VR, IoT and industrial IoT
applications to their workflows.

Direct feature enhancements over
Wi-Fi 6 include support of 320 mega-
hertz transmissions, which is double
the 160 megahertz of 802.11ax, the
use of higher modulation orders and
supporting 4096-QAM
— up from 1024-QAM in 802.11ax.

Wi-Fi 7 will also introduce advanced

optionally

multi-link and flexible channel utili-

zation capabilities.

How Wi-Fi 7 addresses Wi-Fi
6/6E pitfalls

While the introduction of Wi-Fi 6 sig-
naled improved performance and ca-
pacity for mobile, IoT devices and even
critical applications that require low la-
tency, LitePoint’s Director of Marketing
Adam Smith claimed that the wireless
industry may have bitten off a bit more
than it could chew. “Wi-Fi 6 is such
a big change to Wi-Fi that we didn’t
quite realize the magnitude of taking
a well-adopted, single-user technology
and making it multi-user,” he told RCR
Wireless News. “It has been a bigger
challenge than I think many people
thought it was going to be.”

He acknowledged that yes, when
you look at the number of shipments
of access points, Wi-Fi 6 has likely
surpassed those of Wi-Fi 5, but this
is mostly because there is no longer a
cost advantage to sticking with Wi-Fi
5. “The chipmakers have made Wi-Fi
6 the new standard, if you will,” he
explained, adding that despite what
the shipment logs say, “the dirty little
secret” is that multi-user—Wi-Fi 6’s
headlining capability—has yet to be
deployed in “any significant way,” par-
ticularly in the 5 GHz band.

“So, what I might say is that peaceful
coexistence between Wi-Fi 5 and Wi-Fi
6 is kind of a joke right now,” Smith
continued. Providing additional con-
text, he argued that in order for a de-
vice to operate in a multi-user fashion,

it has to be a Wi-Fi 6 device, meaning

RCR WIRELESS NEWS FEATURE REPORT



“Peaceful coexistence
between Wi-Fi 5 and Wi-F- 6
is kind of a joke right now.”

Adam Smith, Director of
Marketing, LitePoint

Wi-Fi

make up more of the devices current-

5 or earlier devices—which

ly in operation—will always be single
user. “If you'’re trying to lay a Wi-Fi 6
network on top of it, you either need to
rip and replace—to use a cellular term
there—or you need to somehow figure

out how to coexist,” he added.

Simultaneous Multi-Link
Dual radios in the device for simultaneous connectivity

Multi-lirik (i
\

Link 1 e
Link?

w

Enabling multi user with MLO

Multi-link operation is a key Wi-Fi 7
capability that chipmaker Broadcom
considers to be Wi-Fi 7’s “marquee fea-
ture.” Gabriel Desjardins, director of
product marketing in Broadcom’s Wire-
less Connectivity division, explained
that while Wi-Fi 6 introduced OFDMA
and then Wi-Fi 6E added a tremendous
amount of capacity using the 6 GHz
band, quality of service limitations re-
main, particularly around latency.

“There’s a lot more capacity [in 6E],
but higher throughput doesn’t help
you if you're still contending with oth-
er devices that take up resources in
the network. Your latency will [still]
be great,” he said, adding that applica-
tions growing in popularity like video
conferencing and mobile gaming re-
quire very low latency, which can be
hard to achieve on a crowded home or
business network.

“Existing Wi-Fi networks really don’t
have a good way to move critical traf-
fic between networks to help you get
that quality of service,” he continued.

“There is a lot more open spectrum

Link 1

Link 2

with the introduction of 6 GHz, but
there isn’t really an easy way to make
use of it to help things like latency.
You can slowly switch networks, but
that isn’t going to help you when you
have applications that need millisec-
ond-level latency.”

“The marquee feature of Wi-Fi 7
is Multi-Link Operation,” Desjardins
claimed, explaining that this feature
allows for “rapid switching between
two different Wi-Fi bands.”

Beyond the clear performance im-
provements that MLO offers, this
feature, according to Smith, actually
solves the multi-user problem that Wi-
Fi 6 introduced. Thanks to this feature,
Wi-Fi 7 will actually enable the prom-
ised multi-user capabilities first out-
lined in Wi-Fi 6 standards by automat-
ically—and very quickly—allowing a
device connected in the 5 GHz band to
switch over to the 6 GHz band when it
begins to suffer from degraded perfor-
mance due to another device popping
up on the network.

“Wi-Fi 7 can use the spectrum that’s

available more efficiently,” explained

Alternating Multi-Link

Single radio in the device, switching between bands

Source: Qualcomm
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Qualcomm Senior Director of Engi-
neering Andy Davidson. “This is often
the spectrum that is available at your
specific location. ... Depending on the
interference that is around you at any
particular time, you can adjust with Wi-

Fi 7 to always go to higher throughput.”

Getting 6 GHz benefits without 6 GHz

As discussed previously, 6 GHz Wi-
Fi operation isn’t available in every
country. For those without the full or
even partial 6 GHz access, MLO will
also prove useful in allowing them to
get the most out of Wi-Fi 7 regardless.
China—which famously has no plans
to use 6 GHz for Wi-Fi operation—is
one of Qualcomm’s biggest markets,
and Davidson said the chip vendor
isn’t concerned because with MLO,
channels can be combined to achieve
higher throughput.

“There are obviously regions that
don’t support 6 GHz and the only
320-megahertz channel is in 6 GHz, so
it’s nice to be able to, in those regions,
combine [for example] two 160-mega-
hertz channels in 5 GHz. Or in China,
you can take a 160-megahertz channel
[and] combine it with an 80- megahertz
channel that is available. That means
you're still fulfilling that extremely high
throughput promise that comes with
Wi-Fi 7,” provided Davidson.

In addition, one of Smith’s favorite Wi-
Fi 7 features, preamble puncturing, will
also help those regions not intending to
use 6 GHz, or all of 6 GHz, for Wi-Fi.

This feature improves spectral efficien-
cy by allowing a Wi-Fi AP to transmit
a “punctured” portion of the spectrum
channel if some of the channel is be-
ing used by legacy users. By avoiding a
channel that is already in use by incum-
bents, a wide swath of spectrum can
still be obtained, even for those without
the full 6 GHz band available.
Traditionally, for instance, if an in-
cumbent user is occupying a portion of
an otherwise free channel, an AP will
be prevented from using this spectrum.
Preamble puncturing, however, lowers
the overall bandwidth by the punctured
amount and delivers a wider channel.
The Wi-Fi 7 are

headlines for

“You should really think
about 6E as an expansion of

capacity rather than a core
technology upgrade; Wi-Fi 7
is the upgrade to Wi-Fi 6.”

Andy Davidson, Senior Director of
Engineering, Qualcomm

higher-data rates and capacity, but
Smith summarized: “Largely what it’s
doing is fixing some of the things in Wi-

Fi 6 to make it more flexible to deploy.”

Wi-Fi 7 and 6 GHz aren’t the same
thing

Davidson further pointed out that
while people often equate Wi-Fi 7 with
the 6 GHz band, they’re not necessar-
ily tied together. “Qualcomm wants
to clear up that confusion in the in-
dustry,” he said, adding that the only
feature in Wi-Fi 7 that requires 6 GHz
is the 320-megahertz channel. “Every-
thing else in Wi-Fi 7 applies to China
and everywhere in the world. It’s great
for Wi-Fi, in general, to get much more
capacity, but 7 brings a lot of value in
and of itself.”

He continued: “I suspect this cycle
feels different to people because we
had this once-in-a-generation alloca-
tion of new spectrum. Wi-Fi 6E is just
Wi-Fi 6 at 6 GHz...You should really
think about 6E as an expansion of ca-
pacity rather than a core technology
upgrade; Wi-Fi 7 is the upgrade to Wi-
Fi 6, and the nice thing is, it includes
features that take advantage of 6 GHz

in regions where it is available.”

Testing challenges in 6 GHz
Wi-Fi operation

Wi-Fi 7, designed with the 6 GHz
band in mind, has a host of excit-
ing new features that promise higher

spectrum and power efficiency, better

RCR WIRELESS NEWS FEATURE REPORT
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interference mitigations, higher capac-
ity density and higher cost efficiency.
But some of these features—most no-
tably 4096-QAM, Multi-Link Operation
(MLO) and preamble puncturing—are
causing some hiccups in the test and
measurement world.

“Wi-Fi 7 is adding a bunch of tools
for deployment flexibility,” LitePoint’s
Adam Smith told RCR Wireless News,
but added that with flexibility comes
complexity. “That is what most peo-
ple talk about in test,” he said, “What
Wi-Fi 7 has done is introduce all these
flexibility features, and they all have to

be characterized.”

Breaking the 6 GHz barrier

Because almost all commercial wire-
less technologies were sub-6 GHz prior
to the introduction of Wi-Fi 6E, the
biggest change in the test field was
breaking this 6-GHz barrier. “With
the 6E requirements, this will require
upgrades to cover up to at least 7.125
GHz,” said Keysight’ Bill Koerner.

Smith agreed, commenting: “That
was something, as an industry, we
needed to figure out.” However, he
added that at this point, that problem
has been solved.

Still, breaking this barrier has, in
some cases, led to entirely new tests.
For example, to protect incumbent 6
GHz band users in the U.S.—such as
satellite links, mobile TV broadcasts
and utility communication links—the

Federal Communications Commission

(FCC) added a Contention Based Pro-
tocol (CBP) test for the 6 GHz band.
CBP enables multiple users to use the
same channel without pre-coordina-
tion, and now, all Wi-Fi APs and clients
must be tested in this way.

“This type of Listen Before Talk [LBT]
testing has been required for the EU
[end user] for all frequency bands and
is not new for the 6 GHz band. Howev-
er, this is a relatively new approach for
the FCC to focus on the receiver func-
tionality and employ a LBT capability,”
Koerner explained. “This will require
a slightly different test set-up, and po-
tentially new equipment.”

He went on to say that some of these
receiver tests are more complex than
others. “Notably, the Receiver Selec-
tivity tests will require testing at more

frequencies,” Koerner said.

4096-QAM

Wi-Fi 7 will support 4096-QAM or 4K
QAM, which boosts the peak rates to
increase throughput and capacity com-
pared to Wi-Fi systems using 1K QAM
modulation. More specifically, LitePoint
claims that 4K QAM can increase the
physical layer (PHY) data rate by 20%
and improve modulation accuracy.

“The 802.11be standard increases
the QAM modulation order to 4096
QAM to achieve the highest data rate.
With a denser constellation, the trans-
mitter modulation accuracy require-
ments are also increased,” LitePoint
states on its website. “The IEEE stan-
dard sets a transmitter target Error
Vector Magnitude (EVM) requirement
at -38 dB for 4096 QAM, increasing
the performance requirement by 3 dB
compared to 802.11ax [Wi-Fi 6].”

However, all experts spoken to agreed

Wi-Fi 7 vs. Wi-Fi 6 data rate comparison
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“4096-QAM brings the test
equipment to its limits.”

Joerg Koepp, IoT Market Segment
Manager, Rohde & Schwarz

that these higher data rate modes are
the biggest challenge still facing the
test and measurement space. Koepp of
Rohde & Schwarz said simply that this
feature “brings the test equipment to
its limits.”

To measure wireless modulation,
testing companies use a metric called
Error Vector Magnitude (EVM), which
measures the deviation of actual trans-
missions from their ideal locations in
the constellation diagram, capturing
the sum of these imperfections to deci-
pher a device’s transmit accuracy.

In the most simple type of modu-
lation used in Wi-Fi, signals exhibit
only two states that allow the transfer
of either a 0 or 1, making it relatively
easy to tell which is which. But, as
you get to higher order modulation

formats, like in the case of Wi-Fi 7, it

gets increasingly harder to transmit
and receive data error-free. That’s
because in higher-order modulation,
much more data is encoded into the
signals, putting the constellation
points much closer together. This
makes the signal extremely suscepti-
ble to noise and distortion, requiring
careful attention to ensure that each
component in a device’s transmitter
chain is optimally calibrated.

“It’s great we now have all this
spectrum, but it’s higher frequency
so your signal is much more suscep-
tible to issues in the environment,”
said Brian Davis, technology strat-
egy manager at Anritsu. He listed

several potential issues related to

1024-QAM
OSNR=27.8 dB

2043-QAM
OSNR=36.5 dB

“It’s great we now have all
this spectrum, but it’s higher
frequency, so your signal is
much more susceptible to
issues in the environment.”

Brian Davis, Technology Strategy
Manager, Anritsu

4096-QAM
OSNR=41 dB

Transmission performance of 1024-QAM, 2048-QAM and 4096-QAM over 150 km, 150 km, and 160 km,

respectively.

(Courtesy of Li, Si-Ado & HUANG, HAO & Pan, Zhongqi & Yin, Runze & Wang, Yingning &
Fang, Yuxi & Zhang, Yiwen & Bao, Changjing & Ren, Yongxiong & Li, Zhaohui & Yue, Yang)
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propagation loss, signal reflections
and non-line of sight.

He added: “A lot of OEMs that I've
talked to were used to the 2.4 GHz
band. When [Wi-Fi] moved up to the
5 GHz, they had all these higher fre-
quency troubles and didn’t want to
move onto it, but they were sort of
forced to because their customers were
having so much trouble with conges-
tion in 2.4. We're going to see the same
thing with 6 GHz.”

Therefore, 4096-QAM results in the
need for more linear instrumentation
when testing the functionality of the
Wi-Fi chips. In order to know if a Wi-
Fi chip meets the requirements for
transmitting and receiving the 4096
discrete phases of magnitude support-
ed by Wi-Fi 7 standards, you need to
have test equipment that can also meet
these requirements.

“In Wi-Fi 7, we break most equip-
ment out there with how pure it needs
to get to,” Smith stated.

Davis also shared that as new use
cases and solutions hit the market,

test and measurement has to start to

Interference

-—-
/ \ |
I : \
I =

Desired bandwidth

truly emulate them, rather than simply
testing something like a power specifi-
cation or a spectrum specification. “So
we're looking at ways to address the
new kinds of applications in the mar-
ket,” he said. “There is a lot of mea-

surement that needs to be done.”

Multi-Link Operation

Multi-Link Operation, as mentioned
previously, lowers latency by allowing
rapid switching between two different
Wi-Fi bands, and is considered to be
Wi-Fi 7’s headlining feature. But, ac-
cording to Smith, this feature is also
“driving the frontend module compa-
nies nuts.”

This is because the ability to use the
5 and 6 GHz bands simultaneously
means that there isn’t much space be-
tween them, a fact that puts particular
pressure on filter companies. “How do
you notch out your 5 GHz transmitter
from swamping your 6 GHz receiver,
for example?” Smith posited. To an-
swer this question, Smith said there
is tremendous work being done in the

frontend modular component space

Today

that LitePoint is supporting.

Further, Koerner explained that
MLO is one leg of a three-legged
stool of features. This stool also in-
cludes orthogonal frequency-division
multiple access (OFDMA) and Multi-
ple Resource Unit (MRU). OFDMA,
first introduced in Wi-Fi 6, establish-
es independently modulating sub-
carriers within frequencies, allowing
for simultaneous transmissions to
and from multiple clients. And MRU
provides enhanced interference miti-
gation and OFDMA efficiency, which
results in reduced latency.

“Each requires the other to work
well — but come up short on any and
the stool will fall,” he said. “To that
end, exhaustive and predictive test-
ing must be made available to cover
the many test cases these three fea-

tures introduce.”

Preamble puncturing

And then there is preamble punc-
turing, the powerful capability that
makes it possible for regions that did

not open up the full 6 GHz band for

With Puncturing &HBS ML

Source: Qualcomm
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Wi-Fi to still achieve wider channels.
According to Koerner, this capability
represents some “unusual changes” to
existing tests, most notably in the in-
terference-type tests. Further, Smith in-
dicated that preamble puncturing will
stress the frontend of Wi-Fi 7 devices
and that power amplifier modules and
filtering components will all have to be
characterized for this feature.

Koepp shared that Rohde & Schwarz’s
customers are struggling somewhat
with the new level of flexibility that
Wi-Fi 7 features provide. This agility,
he said, is great from an end user’s per-
spective, but is proving challenging for
device makers, especially those look-
ing to enter the global market.

“They ask, ‘Do I really have to test all
of this stuff?”” he said. “Yes, if you want
to support it. This flexibility is always
good in terms of what you can do, but
it does not make the lives of those who

have to test all these things easier.”

Is AFC the answer to Wi-Fi's
low-power problem?

In order for unlicensed Wi-Fi 7 devic-

es to play nice in the 6 GHz band with
the licensed users already occupying
that band, the FCC established Auto-
mated Frequency Coordination (AFC),
a spectrum use coordination system
designed specifically for 6 GHz oper-
ation that resembles similar systems
in place such as the one that supports
CBRS wireless operation.

When the FCC opened up the 6
GHz band for unlicensed Wi-Fi oper-
ation two years ago, the Wi-Fi world
rejoiced.

However, because the 6 GHz band
was already occupied by incumbent
users, such as fixed satellite providers,
the FCC imposed some pretty signifi-
cant restrictions on the Wi-Fi devices
looking to transmit in this band. More
specifically, to avoid potential interfer-

ence with existing 6 GHz incumbents,

the FCC defined two types of device
classifications with different transmit
power rules for Wi-Fi devices oper-
ating on the band: low power access
points (APs) for indoor Wi-Fi and
standard power APs that can be used
indoors and outdoors. Standard power
APs, particularly when used outdoors,
are the most likely to interfere with
existing 6 GHz users in the area, and
therefore, AFC will prove most valu-
able in outdoor scenarios.

Litepoint’s Adam Smith shared that
while the U.S. has the entire 6 GHz
band available for Wi-Fi, it comes with
an asterisk on it. “We operate under out-
door/indoor low-power functionality
or very low indoor functionality unless
you employ AFC,” he said. “In order to
do standard power operation, you have
to have an AFC system in place.”

Otherwise, he continued, you effec-
tively have a “speed limit” on Wi-Fi’s

highway, which impacts range and the
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ability to use higher data rate modes.
“AFC is extremely important to take
full advantage of the 6 GHz band,”
Smith summarized.

In a public statement on the matter,
the FCC stated: “Once per day each AFC
system is required to access the Com-
mission’s Universal Licensing System
(ULS) to obtain the most up-to-date in-
formation on licensed microwave links
including their transmitter and receiver
locations, frequencies, bandwidths, po-
larizations, transmitter EIRP antenna
height, and the make and model of the
antenna and equipment used.”

The Commission went on to explain
that this information will be used “to
determine on which frequencies and
at what power levels standard-power

devices may operate.”

The FCC conditionally approves
several AFC systems

In early November, the FCC’s Of-
fice of Engineering and Technology
announced the conditional approval
of thirteen proposed automated fre-
quency coordination (AFC) database
systems in preparation for the testing
phase of 6 GHz Wi-Fi operations. Spe-
cifically, the FCC approved automated
frequency coordination systems pro-
posed by Broadcom, Google, Com-
search, Sony Group, Kyrio, Key Bridge
Wireless, Nokia Innovations, Federated
Wireless, Wireless Broadband Alliance,
Wi-Fi Alliance (WFA),
Plume Design and RED Technologies.

Qualcomm,

The testing process for those looking

to move forward with their AFC system
will include both lab testing and an op-
portunity for public testing, and each
applicant will be required to make its
system available for a specified period
of time to provide an opportunity for
members of the public to test each AFC
system’s functionality.

Davidson from Qualcomm—one of
the companies to have received con-
ditional approval from the AFC—re-
vealed that AFC is “especially great
for mesh access points” because it will
enable them to communicate with
each other over very high speed 6 GHz
backhaul throughout a user’s home.

He described Qualcomm’s AFC system
as a “complete turnkey” implementa-
tion with access point (AP) agent and
cloud systems with end-to-end valida-
tion and certification. Upon official FCC
approval, the solution will be available
across Wi-Fi 6E- and Wi-Fi 7-based net-
works, and according to the company,
deliver significant performance en-
hancements indoors, where an increase
in peak transmit power of 63 times can
be realized, as well as outdoors opera-
tions that are enabled with AFC.

Chris Szymanski, director of product
marketing for Broadcom’s Mobile Con-
nectivity Division, told RCR Wireless
News that AFC brings “the best of both
worlds” by protecting incumbent license
holders while allowing Wi-Fi devices to
operate at maximum performance. He
said that AFC will boost AP power by
63 times in 6 GHz. “We can do so much

with that sort of power in terms of

range, throughput and resiliency. Noth-
ing trumps power,” he added.

According to Szymanski, Broadcom
believes that most AFC-enabled APs
are going to be indoor. “You need it for
outdoor, but it gives you more power
for indoor. What AFC is going to do is
make your link reciprocal with 5 GHz.
In the 5 GHz band, our customers are
allowed to do more power on the AP
and the client side. With AFC, we can
derive roughly the same amount of
power in 6 GHz as we can in 5 GHz,
which is going to give you similar rate
vs range.”

Broadcom’s customers care about
whole-home, whole-premises cover-
age, Szymanski, adding that AFC ad-
dresses this need by making their cus-
tomers’ coverage more robust.

“American businesses and households
rely on Wi-Fi for work, school, access
to healthcare, and connecting with
friends and family,” said FCC Chair-
woman Jessica Rosenworcel. “We are
moving forward on our plan to open
doors for next generation, faster, better
Wi-Fi — including Wi-Fi 6E and laying
the groundwork for Wi-Fi 7. This is
good news and real progress.”

There’s

though. AFC is only relevant to the

a notable caveat here,
U.S. This means that for those other
countries that have opened up the 6
GHz band for Wi-Fi operation — like
many in Europe, for instance — there
is currently no such mechanism, and
these low-power problems can be ex-

pected to persist in the Wi-Fi 7 era.
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The race for better home
broadband means a race
for better Wi-Fi

Despite these challenges, industry ex-
perts see a bright future for 6 GHz Wi-Fi
operation. For operators, specifically, 6
GHz Wi-Fi presents them with the oppor-
tunity to offer customers Wi-Fi that can
keep up with their lofty broadband goals.

“For an operator, these wide chan-
nels in the 6 GHz band are ideal,” said
Szymanski.“Every major European and
U.S. operator has 6 GHz Wi-Fi on their
roadmap,” he continued.

Broadcom’s Senior Director of Prod-
uct Marketing Manny Patel explained
that Wi-Fi troubles are more likely to
occur when a household is running
multiple devices over a single Wi-Fi
network at the same time. Wi-Fi on 6
GHz, though, can fix this.

“Wi-Fi networks come under stress
when you start loading them with si-
multaneous applications such as file
downloads, video streaming, video
conferencing, gaming, etc. Many peo-

ple experienced issues with their home

Wi-Fi networks during COVID-19 when
work from home and distance learning
scenarios collided. The technology in
Wi-Fi 6/6E was specifically targeted to
improve these scenarios and those that
did upgrade to Wi-Fi 6 and 6E began
to report better performance at home,”
Patel said.

As operators continue to move to-
wards offering 10 gigabit broadband,
they are also thinking about the wire-
less experience for their customers.
According to Szymanski, this is because
if a customer has a poor broadband ex-
perience, they are going to contact their
network provider regardless of where
responsibility lies. “They’re getting the
service call whether the problem is with
their router or not, so they want to pro-
vision the routers,” he claimed. “By pro-
viding broadband and Wi-Fi, operators
have the ability to deliver the user expe-
rience their subscribers are looking for.”

This, he continued, is leading to a
sort of convergence where broadband
can be thought of as two parts: the ca-

ble modem and the Wi-Fi router. These

can be in a single box or provided sep-
arately, but either way, operators are
pairing 6 GHz Wi-Fi with their broad-
band offering and are treating this as

“a complete package,” and if current

“The race for better broad-

band in the home also means
a race for better Wi-Fi. We’re
giving them that better Wi-Fi
experience through the

6 GHz radio.”

Chris Szymanski, Director of
Product Marketing, Broadcom’s
Mobile Connectivity Division
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messaging is any indication, each one
is highlighting different aspects for
their customers.

For example, Vodafone UK said that
its new Wi-Fi boosters can connect up
to 150 devices on a Wi-Fi 6E channel,
signaling that for them, the problem
to solve is network complexity and the
number of devices. Swisscom, on the
other hand, focused on the ability to
reduce congestion and deliver ambient
home connectivity when announcing
its new internet box, created with help
from SoftAtHome.

“The race for better broadband in
the home also means a race for better
Wi-Fi. We’re giving them that better
Wi-Fi experience through the 6 GHz
radio,” Szymanski said, adding that in
this way, 6 GHz is “synonymous with
wireless broadband.”

Conclusion: Wi-fi 7 is
coming fast

“Wi-Fi continues to be the workhorse
that connects the world,” said Key-
sight’s Koerner, and as such, predicted
that Wi-Fi 7 adoption will be “rapid.”

Koepp of Rohde & Schwarz agreed,
claiming that Wi-Fi 7 is coming so fast
that some users are bypassing purchas-
ing 6F devices and are instead planning
to hold out for 7. “But I think there are
good reasons for it,” he continued, re-
ferring to Wi-Fi 7’s fast approach, “be-
cause the technology enhancements
are very attractive.”

In the same annual industry report
published by the Wireless Broadband
Alliance referenced earlier, 33% of re-
spondents confirmed that they already
have plans to deploy Wi-Fi 7 by the end
of 2024. The report cited “a growing

Source: Vodafone

appetite for data-intensive, low-latency
applications and use cases” as the rea-
son behind the early interest.

“What we're seeing here is the in-
dustry at large identifying increasing
value in Wi-Fi technology in the wake
of highly anticipated new use cases.
What’s more, service providers, equip-
ment manufacturers and enterprises
around the world know that those use
cases are best served in a converged
environment, where Wi-Fi and 5G
complement each other,” commented
the Wireless Broadband Alliance’s Ro-
drigues. “Therefore, we’re seeing the
industry advance at breakneck pace
toward Wi-Fi 7, with mobile operators
leveraging Wi-Fi as part of their 5G
strategies to maximize coverage and
optimize capacity — it’s all about the

user experience.” ()
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