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The wireless toolkit for electronics design engineers widened considerably with the
emergence of the 802.11n draft standard. Thanks to its performance benefits, 802.11n
will expand the range of wireless connectivity applications and fuel penetration in

homes and businesses.

To better understand the politics of 802.11n, it is necessary to first provide some

perspective on how the industry got to this point.

The first wireless network standards were approved in late 1999 by the IEEE as part
of the 802.11b effort. Those standards featured two major technologies to distribute
packets over the radio spectrum using spread spectrum methods that are still in use

by most wireless networks.

Shortly after, the 802.11a standard was ratified, which used orthogonal frequency
division multiplexing (OFDM) methods to enable higher data rates. Instead of using
the same 2.4 GHz frequency band as existing 802.11b products, however, the
802.11a standard operates at in the 5 GHz frequency range. This allows wireless
designers to take advantage of a greater number of non-overlapping channels for

transmitting data.
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With the benefit of hindsight,
By Hynetek Semiconductor 06.12.2023
. we can see now that 802.11b’s

popularity created a powerful
legacy ecosystem and established the need for backward compatibility as new

wireless protocols emerge.

Lesson 1: Support legacy 802.11b.

The WLAN industry has since learned the importance of supporting legacy
802.11b devices. While it seemed like a good idea at the time to establish a
new and potentially higher-performing frequency band at 5 GHz, this
incompatibility was ultimately a disadvantage for these products.

While both 802.11a and 802.11b were important efforts, neither could handle the
demands of multimedia applications, such as streaming audio and video. Therefore,
another effort began to extend these protocols to support higher throughput and lower
latencies. That effort turned into the 802.11g standard that was ratified in 2003,
which applied the frequency division techniques of 802.11a but used the original
802.11b radio frequencies (see Table 1 below).

Despite lackluster adoption, 802.11a product lines weren’t developed for naught.
Working on 802.11a taught engineers how to build radios that operate on different

frequency bands.

Many multi-frequency products now combine a/b or a/g radios together, and support
clients that operate on either frequency. 802.11n products will have multiple-
frequency support built-in, so clients can transmit and receive on both the 5 and 2
GHz spectrums simultaneously, boosting bandwidth and throughput and taking
advantage of the larger number of channels and more efficient radio transmissions at

the higher frequency range.

Lesson 2: Channels matter.

The number of separate transmission channels in the 802.11b/g frequency
range is effectively three: channels 1, 6, and 11 are the only ones that don’t
overlap with the others.

In radio-rich environments, such as a major downtown urban core, there will be
plenty of interference from neighboring wireless networks. To help improve

throughput, the 802.11n task group is not only using the 5 GHz spectrum to increase
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the number of channels, but is also considering doubling the size of the channel
itself. Thanks to improvements in channel utilization, most 802.11n products are
expected to deliver 100-300 Mbps data rates.

With 802.11a and 802.11b, it took several years between the standard ratification and
products appearing on retail shelves. The 802.11g effort was the first time that

products were introduced in advance of a final standard.

The success of that strategy has influenced how companies have come to market with
the 802.11n chipsets in the past year, and one of the reasons there are so many “draft-

n” products sold by the major manufacturers.

By developing products in tandem with the evolving specification, many vendors
hope to shrink time-to-market for 802.11n products to less than a year. This brings up

the next lesson:

Lesson 3: IEEE and Wi-Fi Alliance need to work in parallel.

In the past, engineers in the IEEE working groups developed a draft
standard. Once that was finalized, engineers in the Wi-Fi Alliance would start
putting together a test and certification plan to ensure interoperability
between various implementations of the standard. But as vendors move
more quickly and the market becomes more complex, these two groups need
to work in parallel.

That is now happening with the 802.11n standards process. The Wi-F1 Alliance
agreed last November to start developing 802.11n certification processes in parallel
with the IEEE 802.11n working group.

This also helps because the Alliance needs more time to test the implementations
submitted from each vendor due to the complexity of the 802.11n standard. Greater
inter-organization collaboration may remove issues and differences, such as those
that arose with 802.11g: the IEEE made anything over 24 Mbps optional, but Wi-Fi
certification required products to support 54 Mbps rates. Speaking of these higher
rates, this brings us to the next lesson learned.

Lesson 4: Latency matters.

All of these audio/video applications are placing more importance on latency
rather than throughput, which is another factor driving the draft 802.11n
standards efforts that combine improvements on both fronts.

https://www.eetimes.com/an-overview-of-the-ieee-802-11-standards-evolution/ 3/9



6/30/23, 2:43 PM An overview of the IEEE 802.11 standard's evolution - EE Times
While greater bandwidth is critical, advanced wireless applications will not work
acceptably on today’s networks without reducing latency times. The difference is
important: latency is the total round-trip time that information takesl /going from

client request to server response and back to the client.

Even the fastest networks suffer from long latencies, which can wreak havoc with
audio synchronization, or give users the feeling that “nothing is happening” when
they hit the Enter key on their PC browsers. With 802.11n, there is an opportunity to

make huge improvements in both latency and bandwidth.

There are several improvements that will help reduce latency. Latency matters most
in synchronizing audio applications, particularly with streaming video and with VoIP
situations. Delays of a just a few milliseconds can add up over various network
router links and result in a mismatched picture to the sound, or turn a phone call with

crisp quality into a jumbled mess.

One of the more important is frame aggregation, which groups data packets into
larger frames to minimize packet overheard. While throughput is still important,
without low latency times, many of these newer applications would not work

acceptably on today’s networks.

Speaking of the higher data rates supported by 802.11g, here is another lesson. The
high end of 802.11g networks sounds very promising, supposedly delivering 54
Mbps data rates. However, what is really going on at these speeds is that there is an

almost a 50% overhead that is created to sustain the highest throughput.

Lesson 5: Minimize packet overhead.

Going from 24 to 54 Mbps doesn’t buy twice the performance that the raw
data rate numbers imply. Any new protocol must do a better job at managing
packet overhead than 802.11g, which uses nearly half of its available
bandwidth for overhead at the highest data rates.

During 802.11n development, engineers worked hard to reduce overhead and
eliminate turnarounds wherever possible. One of the most prolific improvements is

frame aggregation.

Instead of sending a single data frame with its overhead, the transmitting client

combines and sends a series of frames with a single overhead frame without waiting
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for each packet to be individually acknowledged.

As aresult, an 802.11n client will send more data in a given time period ” which

makes the transmission more efficient.

Figure 1: How frame 802.11b data frame Overhead

aggregation improves i ’] ﬂ

packet efficiencies

Draft 802.11n data frame Overhead
Lesson 6: Bring [ﬁi] ﬂ
consensus
whenever possible. Draft 802.11n with aggregation Overhead
As the wireless ﬂ
technology impacts a A

greater number of

anufacturers and Time I >
vendors, relevant working groups get bigger and it becomes more difficult to
gain consensus on technical aspects of a standard. By offering an alternate
venue for drafting the 802.11n specification, the Enhanced Wireless
Consortium (EWC) enabled vendors to put aside their differences and move
more quickly towards an agreed-upon standard.

As previously mentioned, the 802.11n specification is much more technically
complex than earlier 802.11 standards. One of the byproducts of this complexity is a
longer input and approval cycle for new wireless standards. As the membership of

various 802.11n working groups had grown, it became harder to achieve consensus.

Late last year, Broadcom and several competitors united stakeholders from

competing standards camps to iron-out technical issues and achieve consensus more
quickly. This new body, called the Enhanced Wireless Consortium, brought together
talented engineers from the major Wi-Fi chip vendors, device manufacturers and PC

OEMs to put differences aside and develop a draft specification.

By jump-starting consensus, the EWC laid the groundwork for moving the 802.11n
standard towards finalization. The EWC draft was universally accepted by the IEEE
802.11n working group earlier this year, and is on track to be approved early in 2007.
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Lesson 7: It isn’t only about PCs anymore.
It is clear that PCs aren’t the only wireless devices that matter. Any new
wireless standard needs to take into account scores of other consumer
electronics that will find their way onto home and corporate networks. The
802.11n standard must specifically embrace these devices and support their
operation on formerly all-PC networks.

One of the major obstacles for the digital home is putting in new wires to connect
everything. Some estimates indicate that Wi-Fi is used to connect devices in half of
all homes with broadband connections. This number will continue to climb as the
wireless products become more capable. The increasing popularity of wireless
networks will spur an increase in the number of applications that will run over these

networks.

Indeed, as wireless networks become more pervasive, all of us will see more Wi-Fi
enabled printers, music and video devices, cell phones, digital cameras, etc. This new
generation of products will enable the wireless transfer of images music and video
content that are stored on media servers and media players like Apple’s iPod, and

Voice over IP telephones.

All of these devices want to share content, applications, and IP addresses wirelessly
on the same network. The shear volume of wireless-enabled devices will also place
more demand on wireless throughput, requiring higher performance networking
protocols.

The earlier 802.11 standards were designed exclusively for PC clients, while the draft
802.11n standard has extended wireless support to these new devices. As more
consumers build libraries of digital music, movies and photos, they want to access

their digital content on a wide range of devices in various rooms around their homes.

Having a higher-performing network will enable these sorts of options. But this also
presents challenges for electronic designers who must now package wireless
solutions in different form factors to support these non-PC devices, and must take
into account different battery and power consumption profiles that these devices

make use of.

Another application for higher-speed wireless networks has to do with network-
attached storage. As prices drop and storage needs increase, these units are being

pressed into service for video servers and digital music. Network attached storage
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devices will require reliable, high-bandwidth connections to stream pre-recorded
high-definition TV shows, music videos and full-length feature films to televisions

and computers throughout the house.

One final lesson is to incorporate the multiple antenna designs that have been
developed for enterprise-class access points into the consumer-grade wireless
networks. Many of the 802.11g products came to market with multiple antenna
designs, and of course each vendor uses a different set of electronics and designs for

how these multiple arrays are packaged.

The idea is that the more antennas, the longer the range that your radios can send and
receive signals. While that is true in an ideal situation where a single access point is
talking to multiple clients scattered around the landscape, the real world is a much
harsher RF environment with multiple access points and interference from lots of

radio emitters like microwave ovens, cordless phones, and older Wi-Fi networks.

Lesson 8: Multiple antennas matter.

In the quest for higher data rates, having more than one antenna and more
than one radio stream matters for delivering better throughput. The 802.11n
draft is the first IEEE standard to support these innovations.

Despite all of these history lessons, the industry still hasn’t finalized the 802.11n
standard. It will be at least the beginning of 2007 before it is ratified.

Why so long? There are several issues. First, the specification has an unprecedented
collection of new technologies, with more variety and depth than in any previous
802.11 standard.

Second, the wireless market has expanded greatly over the past several years: it is
hard to find a laptop sold today without built-in Wi-Fi features, and users have come
to expect wireless access at their hotels, airports and in major downtown business

districts.

The increased market means more engineers present at the various working group
meetings and the longer it takes to reach consensus. This was one of the reasons
Broadcom and others took a separate group of experts outside of the IEEE process to

chart a common ground for the 802.11n standard.
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80211a | 802.11h 802.11g | 802.11n Third, the diversity of new
Standard January Cecember June Expected wireless products beyond
approved by 2000 19949 2003 in 2007 )
IEEE just PCs means that new test
Maximum data a4 11 mMhps a4 GO0 Mbps plans and processes have to
rate Mhps Mhbps ) ]
Diterertdata | & p 12 p— be put into place to certify
rate them for the new standard.

configurations

Typical range T4 feet 100 feet 1490 feet | 140 feet

Finally, there is the issue of

Modulation OFDM D555, D555, D555,

technologies CoK CCk, CCk, supporting earlier 802.11
(1) OFDM | OFDM+ .
standards and making sure
RF band 5GHz | 2.4 GHz 24 GHz | 2.4 GHz
and 5 that new products play well
GHz . .
with older ones. This
Mumber of 1 1 1 Lpto 4 ) )
spatial streams increases the testing and

and antennas

certification process as well.

Charnel width | 20 MHz | 20 MHz 20MHz | 20 MHz
Eﬂer One of the things the
z
— - 3 ; = industry is addressing in the
channels 802.11n process is to ensure

Table 1- Summary of Different Wireless Networking that new innovation doesn’t

Approaches. Notes: OFDM = orthogonal frequency

L Ny ., ] harm existing 802.11
division multiplexing; “+” indicates improvements

that are part of 11n draft standards with wider networks.

bandwidth and higher code rates; DSSS = direct-

sequence spread spectrum; CCK = complementary The introduction in 2003 of
code keying. products based on 802.11g

specifications provided
large numbers of consumers with the benefits of wireless networking for the first
time. With its ability to enable sharing of Internet connections and printers without
installation of new cables throughout the home, Wi-Fi has emerged as the fastest
growing technology for home data networks. And with the coming of 802.11n, more
capable networks are enabled with higher performance and richer support of

multimedia applications.
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