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Executive Summary

Continuing the success of wireless LANs (WLANSs) depends upon the use of the
802.11a standard in addition to 802.11g. Together, these two types of networks offer the
easiest and most effective way to accommodate a high volume of traditional data
traffic while ensuring high quality of service for applications such as voice over IP
(VoIP).

This white paper outlines 802.11g limitations that will soon hurt WLAN credibility
and shows how a dual-band 802.11ag strategy overcomes those limitations in a cost-
effective way. With this strategy, systems vendors can continue to deliver the high
performance, ubiquitous coverage and robust delivery capabilities that have made
WLAN products so popular.

The benefits of a dual-band 802.11ag approach include:

m  Higher throughput-The large additional spectrum of 802.11a (5 GHz) provides
room for higher-bandwidth traffic vs. 802.11g's congested 2.4 GHz band.

m  Spectral Diversity-Since best-effort traffic is not especially sensitive to latency
issues, it can typically be routed via the busier 2.4 GHz channels, while traffic such
as VoIP can benefit from the low-interference 5 GHz band.

m  Single stock-keeping unit (SKU)-A dual-band 802.11ag solution makes it easier to

utilize testing and development resources efficiently and cover multiple market
segments with a single product type.
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The Coming 802.11g Gridlock

Although 802.11g products have performed well in both home and enterprise,
problems are on the horizon due to changes in WLAN usage and inherent limitations
in 802.11g technology. 802.11g operates in the 2.4 GHz band along with a variety of
other products, including microwave ovens and cordless phones. These products can
interfere with 802.11g networks.

Moreover, multiple 802.11g networks interfere with each other, and the presence of
legacy 802.11b networks in the 2.4 GHz band decreases the available bandwidth.
Specifically, the 802.11g network incurs extra overhead because a “clear to send”
exchange recognized by 802.11b devices must precede 802.11g transmissions.
Additionally, 802.11b uses the available spectrum inefficiently, and more 802.11b traffic
limits the throughput of the more efficient 802.11g devices (Figure 1).
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Figure 1. 802.11g Throughput Drops in the Presence of 802.11b

Even if interference were not a concern, the 802.11g standard specifies only three non-
overlapping channels. In short, the 802.11g situation looks like this:

®  Minimal number of non-overlapping channels

m Interference from other products reduces channel capacity and reliability
m  802.11bg ubiquitous coverage causing network co-channel interference

m  802.11g interoperability support for 802.11b reduces the achievable speed
®m  Bandwidth-hungry applications need entire channel

The bandwidth provided by 802.11g networks has always been a limited resource, and
an increase in voice and video traffic is propelling the industry toward gridlock.
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Dual-Band Benefits

The way around the 802.11g gridlock is straightforward: Combine 802.11a with
802.11g to expand bandwidth and quality of service dramatically. Single-chip 802.11ag
solutions are available today.

Table 1. 802.11ag Combines Best of Both Worlds

Attribute

802.11a

802.11g

Spectral Diversity

Capability

24 non-overlapping channels
can segregate multiple types of
traffic

Three non-overlapping channels
invite co-channel interference
(the “apartment problem”)

Aggregate Available

Bandwidth

(standard mode)

24 x 54 Mbps = 1,296 Mbps

Actual throughput on each
channel ~22 Mbps

3 x 54 Mbps = 162 Mbps

Actual throughput on each
channel with no 802.11b devices
is ~22 Mbps, but reduced to ~14
Mbps when 802.11b devices
present

In-band Noise ®  Some Cordless phpnes.transmit Other nearby WLAN
at 5 GHz in one direction Devices such as microwaves,
m  High signal-to-noise ratio cordless phones, baby monitors
Low signal-to-noise ratio
Ubiquity ®  Mainly in emerging consumer Homes, enterprise, hotspots; PC

electronic video devices,
enterprise access points and
VoIP handsets

integration, data traffic and
audio clients

How does 802.11a compare with 802.11g? Table 1 summarizes the characteristics of the
two network types. The main differences are that 802.11a provides far more channels
and bandwidth in the 5 GHz band, which is fairly clear of interference from other
devices. 802.11a thus provides the ideal solution for multimedia applications ranging

from VoIP to HDTV.

Contrary to some misconceptions, 5 GHz systems can perform as well or better than
2.4 GHz systems at long range. As shown in Figure 2, transmission quality depends on
a number of factors that together influence wireless network performance far more
than frequency-specific RF propagation characteristics. In fact, many 5 GHz systems
exhibit better range than 2.4 GHz systems.
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Figure 2. Signal Quality Factors

Regardless of the frequency band, WLAN radios must implement appropriate radio
transmit power and signal-processing algorithms, utilize the correct antenna type, and
provide the receive sensitivity required for a given application and environment. Poor
performance typically can be traced back to inferior radio design.

Performance on multipath signals provides a good example. A radio signal usually
travels from transmitter to receiver by various paths (reflecting from objects in the
environment), causing the same signal to reach the receiver multiple times. The
receiver has to discriminate among these multipath signals. The delay spread
(maximum time difference between arrival of the first and last multipath signal seen
by the receiver) is a function of the transmission environment and does not depend
significantly on the transmission frequency. Further, multipath effects are addressed
by OFDM, the modulation scheme of choice for both 802.11a and 802.11g. Significant
differences in multipath performance thus depend on radio and antenna design, not
the frequency or networking standard.

On the other hand, comparing the amount of in-band interference shows a clear
advantage for 802.11a. Interference can play havoc with wireless transmission systems,
and the best way to fix the interference is to avoid it. The 2.4 GHz band is rife with
interfering devices, some of them 802.11 related. As shown in Figure 3,802.11a's 5 GHz
band is far away from common interferers such as microwaves and baby monitors,
and when confronted with interfering devices, these networks provide 24 channels in
which to escape.
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2.4 GHz: 3 Channels
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Figure 3. “Multi-lane Highway” vs. “Crowded City Street”

One other frequency-related myth is that higher speed means higher power
consumption. Figure 4 tells a different story. Advances in CMOS radio technology
reduce power while increasing speed. Measuring power precisely is notoriously
difficult because of many variables, but clearly power consumption depends on good
radio design far more than on network speed.
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Figure 4. Higher Speed and Lower Power
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As the proliferation of wireless-enabled devices and users continues (Figure 5), the
multichannel advantage of 802.11a over 802.11g will no doubt grow in importance.
High-quality radios will ensure that 802.11a solutions support the desired applications
in a variety of environments. To understand the implications of 802.11ag solutions for
consumer electronics vendors and PC OEM, it is useful to look at wireless networking
trends in home and enterprise.
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Figure 5. Proliferation of Wireless Connectivity Integration

Home/SOHO Networking

Bandwidth needs in the home are increasing rapidly with the introduction of new
devices and services. The latter include value-added services delivered to the home
via broadband infrastructure. For example, cable broadband service providers now
deliver upwards of 3 Mbps with the capability of 30 Mbps to many homes. Upcoming
services include High Definition (HD) video stream delivery (20 Mbps), two MPEG2
streams (2-10 Mbps each), and a data channel (1 Mbps) to each home. Widespread
VoIP services are on the way, as indicated by Comcast's reported plans to offer VoIP
service to more than 40 million homes by 2006.
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These services easily exceed the 22 Mbps throughput that a single-channel 802.11g
network can provide in interference-free environments. In noisy environments and /or
high-density housing, the 802.11g shortfall becomes even more pronounced. If four
connected apartments with wireless media products use 802.11g, two of them will no
doubt be adversely affected by co-channel interference.

Since most of the traffic on a typical WLAN has been email and web surfing,
overlapping networks have rarely been a significant problem. Multimedia streaming
is changing this situation. Support costs assuredly will rise as consumers grapple with
interference when watching a streaming video.

In the midst of these new multimedia developments, the PC can serve as a repository
for data files, pictures, videos, MP3 files, etc. High-speed transfers are needed to
support multiple users who want access to these large files and the need to back up
large amounts of digital content.

In recent guidelines for home audio/video network hardware, Microsoft recommends
the obvious solution (Figure 6): “Wireless base stations and access points must operate
with dual-bands, using the 802.11a and 802.11g protocols, and must support both
bands simultaneously. The base stations and access points must support both 2.4 GHz
and 5 GHz clients simultaneously.” (From Microsoft's Guidelines for Home Networking
Components to Support Audio and Video Streaming, WinHEC 2004, April 19, 2004. See
http:/ /www.microsoft.com/whdc/device/stream /Home-AVstream.mspx).
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Figure 6. Future of Home Network — Dual-Band 802.11ag
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Dual-Band Implications for Consumer Electronics

While users manage to tolerate the bugs and performance anomalies of PCs,
expectations for consumer electronics are much higher. Consumer electronics must
work flawlessly when the power switch is pressed-no excuses.

802.11a can deliver the necessary performance with plenty of bandwidth and clear
paths for glitch-free multimedia service. Recognizing this capability, consumer
electronics companies have used 802.11a in a number of applications. These products
include digital media adapters that work with compressed content from a PC and AV
monitors that connect wirelessly to video sources such as DVD players, set-top boxes
and personal video recorders.

All of these products are poised for rapid growth and utilize significant bandwidth for
sharing audio/video content. If a home contains even one of these products and a PC
with 802.11g, an 802.11ag router /AP is required.

Note that standardized QoS capabilities should help achieve the level of quality
necessary for consumer electronics, but QoS is somewhat limited in its effectiveness as
it can only address QoS-capable stations. A more generally applicable solution is to
take advantage of the multiple unobstructed priority lanes for multimedia traffic
offered by 802.11a.

As the home network evolves around the widely accepted media gateway vision,
audio/video devices are moving toward 802.11a while data devices remain with
802.11bg. As a result, the media gateway must support 802.11ag to coordinate
activities among devices and route broadband traffic from outside the home to the
appropriate devices.

Enterprise/Hotspot

Enterprise and public hotspot WLANSs face a situation similar to that in the home in
regard to dealing with more multimedia traffic. The increasing use of bandwidth for
best-effort traffic such as large-scale backups and large media file transfers requires
sustained wire-like speeds. At the same time, applications such as VoIP and video
webcasting are much less forgiving of collisions with best-effort traffic and other
network anomalies.

Unlike the home, where a single access point (AP) serves the entire coverage area,
enterprises deploy multiple APs to cover larger areas and ensure a manageable ratio of
stations to APs. Stations thus get access to optimal bandwidth and connection quality.

Co-channel interference absolutely must be minimized or eliminated in these large
deployments. In an enterprise that has tens or perhaps hundreds of APs, the three non-
overlapping channels provided by 802.11bg networks fall far short of the required
capacity. As Figure 7 shows, a network that combines 802.11a and 802.11g offers much
greater flexibility for minimizing or removing overlap.
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Figure 7. 802.11ag Avoids Co-channel Interference

In addition to providing many more channels, multimode APs offer spectral diversity
for applications, using different frequency bands to separate VoIP and streaming-
video applications from data transmissions. 802.11a handles the media traffic, and
802.11g carries data traffic.

Supporting the dual-band scenario is just about the only reasonable way to handle an
enterprise's large coverage areas, demanding applications and rapid rate of adoption.
In the much-publicized Motorola/Avaya/Proxim project to develop a dual-mode
cellular / VoIP phone for the enterprise, the developers concluded early on that
802.11a-not 802.11g-would provide the level of service that VoIP requires. The dual-
band scenario also suits high-density environments such as college campuses,
apartments and commercial hotspots, which are increasingly reporting service
limitations in their 802.11bg installations.

Looking ahead, dual-channel 802.11ag APs provide the foundation for more
sophisticated load-balancing schemes and tiered service levels for users/customers.
APs that support more than two channels may also prove useful in this regard.

Implications for PC OEMs

Laptops increasingly ship with integrated WLAN capabilities-a path similar to that
followed by Ethernet. PCs integrated 10BT interfaces, followed by 100BT. While 10BT
cards still exist, integrated 10/100 solutions now predominate. Wireless is following a
similar path, though much faster. 802.11b started the WLAN ball rolling, followed
quickly by the speedier 802.11g. Integrated 802.11ag combo solutions will soon
predominate in shipped PCs due to the following considerations:

B A WLAN station is most mobile-and therefore most valuable-when it can connect
to the largest number of APs (enterprise, home, hotspot) in the most efficient way.
802.11ag achieves this goal.

®m  From a manufacturing standpoint, a single 802.11ag chipset minimizes
development and testing resources (vs. multiple 802.11a-only and 802.11g-only
designs). The combo solution maximizes operational and fiscal efficiency.
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