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General Questions:

1. What is 802.11ac?

802.11ac is the next evolution of WiFi. First there was 802.11b which provided up to 11 mbps
data rates per radio in the 2.4 GHz spectrum. The next evolution was 802.11a which provided
up to 54 mbps data rates per radio in the 5 GHz spectrum. 802.11g came out shortly after
enabling 54 mbps per radio in the 2.4 GHz spectrum. 802.11n was ratified in 2009. The
802.11n spec allows for data rates up to 600 mbps per radio and the current generation of
802.11n allows for up to 450 mbps per radio. 802.11ac builds on 11n and enable wireless
speeds over a gigabit per second.

2. When will 802.11ac be ratified into a standard?

The 802.11ac project was approved in September 2008. Draft 2.1 is currently available (issued
last March). Version 3.0 is expected to go out for ballot shortly. Final ratification of the standard
is expected late 2013. The Wi-Fi Alliance is targeting to have a certification process in place in
Q1 of 2013.

3. When will enterprise 802.11ac access points be available?

Enterprise 802.11ac access points are expected to hit the market sometime in 2013. Consumer
devices have just begun to hit the market in the middle of 2012. The first generation of 11ac
products will likely be based on a draft of the spec similar to 802.11n.

4. Will there be phases to 802.11ac support like there were to 11n?

Yes. Early 802.11ac products are expected to support up to 4 spatial streams, 80 MHz channel
widths and the 256-QAM. Later 802.11ac products will enable the full potential of the standard
by supporting downlink multi-user MIMO and 160 MHz channels.

5. Will 802.11ac come out before 4-stream 802.11n products?
It looks like most manufacturers will leapfrog the 4-stream 802.11n products in favor of
802.11ac products.

6. Is Aruba part of the standards committee for 802.11ac?

Aruba Networks is active in both IEEE, including the IEEE 802.11ac Task Group, and the Wi-Fi
Alliance, including task groups developing the interoperability certification program for IEEE
802.11ac.

7. How does 802.11ad compare to AC? Is this the same?

802.11ad uses the 60 GHz spaces to push wireless traffic up to 7 gpbs over short distances.
Signals will not travel nearly as far in the 60 GHz space as they do in the 2.4 and 5 GHz spaces
used by 802.11a/b/g/n/ac. 802.11ad will likely be a replacement for shorter cables like HDMI,
USB, etc. It will enable wireless laptop docks, wirelessly pushing video to HDTVSs, etc.

8. What about the reclaimed TV whitespace spectrum?
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The reclaimed spectrum presents some interesting possibilities but it also has some limitations.
The reclaimed spectrum propagates significantly farther than the existing WiFi channels. This
will result in significant increases in interference. Products are still being investigated.
802.11ac will be productized well before whitespace products.

9. When will clients support 802.11ac?

802.11ac clients are likely to start appearing in 2013, roughly around the same time as the APs.
802.11ac is backwards compatible and will support 802.11a/b/g/n clients.

10. When will Aruba have 802.11ac APs?

Aruba Networks is not able to talk about unannounced products and release dates. Aruba
Networks focuses on cutting edge technology and support for new standards. The AP-12X
family of APs was one of the first enterprise 11n APs on the market when it was released in Feb
of 2008. It was based on draft 2.0 of the standard and was released well before the standard
was formally ratified in Oct of 2009.

11. How fast will 802.11ac be?

Similar to 802.11n, 802.11ac speeds will vary depending on the hardware configuration of the
device. 802.11ac will enable speeds beyond 500 Mbps for a single client and 1 Gbps per radio.

12. Will 802.11ac be backwards compatible?

Yes. 1lla/b/g/n devices will be able to connect to 802.11ac radios.

13.Should we wait for 802.11ac before making our network upgrade?

No. Itis good to be aware of 802.11ac for long term buying and budget planning. 802.11ac is
not expected to be available before 2013. Clients will start to appear in 2013 but just like 11n, it
will take a while for 11ac client population and other ecosystem devices to gain popularity. 11n
investments today will be secure and powerful for years to come.

Technical Questions:

14. How does 802.11ac gain its speed?

The 802.11ac protocol has a number of enhancements that will be implemented in multiple
phases.

e Wider Channel Widths

o 80 MHz channels (contiguous)

o 160 MHz channels (contiguous or two non-contiguous 80 MHz slices)
e 256-QAM (Quadrature amplitude modulation)

o Provides a 33% increase in throughput over the 64-QAM used in 11n
e Downlink Multi-user MIMO

o Allows 1 AP to transmit unique data to multiple stations simultaneously
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e Up to 8 spatial streams
o Compared to a maximum of 4 spatial streams in 11n
o Up to 8 spatial streams in both single-user and multi-user modes
o No more than 4 spatial streams per station in multi-user mode
e Other Enhancements
o Single sounding & feedback format for beam forming (as opposed to
multiple, incompatible formats in 11n)
o Coexistence mechanisms
o Independent virtual carrier sense in sub-channels

15. How does the Downlink multi-user MIMO work?

802.11ac allows the AP to transmit separate streams to each client simultaneously. It is
similar to MIMO except the transmissions are to antennas on different receiver devices.
The number of spatial streams is limited to the number of transmit chains on the AP.

Downlink multi-user MIMO requires some MAC layer enhancements and beam forming.

This feature will only work when the AP is transmitting to the client. Client devices will
not be able to leverage this feature when they are transmitting to the AP.

Downlink multi-user MIMO should allow significantly improved throughput when multiple
single and dual stream clients are connected to the AP. Most smartphones and tablets
are single stream devices. With 11n only 1 single stream device can download at a

time.
Vo= V¥ /v V| ° | manton
/
A j = 1 AP ; _\:E——————) l c single antenna client
j? - YL j \ e.g. smartphone
D
4 antenna client 8 antenna AP YL single antenna client
e.g. PC e.g. smartphone

16. Is it true that 802.11ac will only work in the 5 GHz band?

Maybe. The spec, as written, only applies to the 5 GHz band. The wide channels provide the
majority of speed improvements to 802.11ac and there isn’t enough room in the 2.4 GHz band
to accommodate the larger channels. Some aspects of 802.11ac including additional spatial
streams and 256-QAM are likely to make it into the 2.4 GHz radios at some point.

17. How many 80 MHz and 160 MHz channels are there in the 5 GHz band?

The answer will depend on the regulatory domain of the AP. In the US, there are 5 contiguous
80 MHz channels. Those 80 MHz channels can be combined to create 160 MHz channels.
There are only 2 80 MHz channels that do not require DFS.
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18. Will my existing 11n radios be software upgradable to 802.11ac?

No. 802.11ac requires a radio hardware change for each phase of support. The radios in the
device would need to be physically replaced in order to gain 11lac support. There can be some
significant drawbacks to physically adding or replacing radios in an AP.

e |t can be difficult to deploy since every AP will have to be touched in order to
perform the upgrade. This can mean mounting bracket changes and other
challenges. Often times rolling trucks and getting to the APs is more expensive
than the APs themselves.

e There is no processor or memory upgrade when replacing the radio. Processor
and memory requirements increase significantly with the additional bandwidth
and added client support provided by 11ac radios.

e Limited feature support on upgraded radios is common. When modules are
added to an AP it is difficult to support all of the features on the original radios.
This often leaves the upgraded AP in a situation where it has advanced features
for legacy clients but not for new clients.

e Performance will not match that of an AP designed for 11ac from the ground up.
An AP that has an optimized cpu and memory architecture for 11ac will provide
greater through put than old hardware with new radios.

e Upgrades often lock customers into a specific vendor. This reduces options
when upgrading the network and makes it difficult to get the best price and
performance out of your network.

e Adding a radio results in 3 or more radios in the same physical AP which results
in a lot of complications on the RF side. When radios are that close together
there is a huge amount of interference generated and only one of them can
broadcast at a time. This makes it difficult to coordinate the radios and ensure
optimum performance

e Module ports for future upgrades increase the cost of the original AP. Hardware
is added into the AP for future expansion and that hardware and design cost
money. This results in a more expensive and larger original access point. It can
also result in a wasted investment if the upgrades are not purchased down the
line.

19. Will I need to buy new switches to support 802.11ac?

802.11ac APs will perform very well when plugged into gigabit ports that support POE+
(802.11at). While the standard supports data rates up to almost 7 gigabits per second (gbps),
those rates will not be supported in early products. Early 802.11ac APs are likely to only
support up to 3 streams and 80 MHz channels. That puts theoretical radio throughput around
1.3 gbps. Actually throughput will be lower and adequately served by a gigabit port. 802.11ac
APs are likely to require POE+ (AT) power due to increased power draws of the faster CPUs
and radios.
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Additionally, even if the AP infrastructure is upgraded, it will take time for the client population to
migrate to 802.11ac and for the traffic density to increase. While the APs have to be upgraded
to support the first 11ac connection, the controllers and switch upgrades can coincide with the
client distribution switch to 802.11ac.

20. How fast will 802.11ac be?

This is a surprisingly complicated question. Similar to 802.11n, 802.11ac will vary in speeds
depending on the number of spatial streams, guard interval and channel bandwidth available on
the AP and the client. The table below outlines some of the data rates in mbps. Like 802.11n, it
is likely that many smartphone and tablet clients will be single stream when 11ac is released.
Channel bandwidths of 160 MHz will present some RF challenges to enterprise environments
and may not be used.

MCS Lowest rates Mbps per | Channel Spatial Highest rates Mbps per
radio width streams radio
(20MHz channel, 1x (160MHz channel, 8x
SS) SS)
Long Gl Short Gl Long Gl Short GlI
0 6.5 7.2 x2.1 for x2 for 2 468.0 520.0
40MHz SS
1 13.0 14.4 4.5 for 3 for 3 939.0 1040.0
80MHz SS
2 19.5 21.7 1404.0 1560.0
x9.0 for x4 for 4
3 26.0 28.9 160MHz | SS 1872.0 2080.0
x5 for 5
4 39.0 43.3 SS 2808.0 3120.0
5 52.0 57.8 ’g;for 6 3744.0 4160.0
6 58.5 65.0 X7 for 7 4212.0 4680.0
SS
7 65.0 72.2 8 for 8 4680.0 5200.0
SS
8 78.0 86.7 5616.0 6240.0
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About Aruba Networks

Aruba is the global leader in distributed enterprise networks. Its award-winning portfolio of
campus, branch/teleworker, and mobile solutions simplify operations and secure access to all
corporate applications and services - regardless of the user's device, location, or network. This
dramatically improves productivity and lowers capital and operational costs.

Listed on the NASDAQ and Russell 2000® Index, Aruba is based in Sunnyvale, California, and
has operations throughout the Americas, Europe, Middle East, and Asia Pacific regions. To
learn more, visit Aruba at http://www.arubanetworks.com. For real-time news updates follow
Aruba on Twitter, Facebook, or the Green Island News Blog.

networks

1344 Crossman Ave. Sunnyvale, CA 94089-1113
Tel.. 1.408.227.4500 | Fax. +1.408.227.4550 | info@arubanetworks.com | arubanetworks.com

© 2011 Aruba Networks, Inc. Airwave®, Aruba Networks®, Aruba Mobility Management System® Bluescanner, For Wireless That
Works®, Mobile Edge Architecture®, People Move. Networks Must Follow®, RFprotect®, The All Wireless Workplace Is Now Open For
Business, Green Island, and The Mobile Edge Company® are trademarks of Aruba Networks, Inc. All rights reserved. Aruba Networks
reserves the right to change, modify, transfer, or otherwise revise this publication and the product specifications without notice. While
Aruba uses commercially reasonable efforts to ensure the accuracy of the specifications contained in this document, Aruba will assume
no responsibility for any errors or omissions. Note: All scaling metrics outlined in this document are maximum supported values. The
scale may vary depending upon the deployment scenario and features enabled.

Page 8


http://www.arubanetworks.com/
http://www.twitter.com/ArubaNetworks
http://www.facebook.com/ArubaNetworks
http://greenislandnews.blogspot.com/
mailto:info@arubanetworks.com

