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What to ExpEct from 802.11ac

IntroductIon

The new technologies that will make up the final IEEE 802.11ac 
Wi-Fi standard are extensions of the physical-layer wireless 
techniques pioneered in 802.11n.

These extensions include the use of multiple antennas at the 
transmitter and receiver to exploit Multiple Input/Multiple Output 
(MIMO) for parallel delivery of multiple spatial streams.

Although consumer and residential Wi-Fi applications are a 
primary focus for these 802.11ac technologies, they will also have 
a considerable impact on enterprise wireless LANs (WLANs).

802.11ac increases the amount of wireless bandwidth in a cell, 
allowing a single access point (AP) to serve the same number of 
Wi-Fi clients with greater per-client throughput.

Alternatively, a single AP will serve more Wi-Fi clients with the 
same throughput. This is a crucial capability in environments that 
serve high densities of Wi-Fi clients, such as lecture halls, 
conference centers, stadiums and other large public venues.

The trend toward more antennas – from small devices like tablets 
and smartphones to larger APs packed with more than four 
antennas – will make MIMO and beamforming more prevalent 
than ever and vastly improve the reliability of Wi-Fi connections.

Consequently, it will be easier to provide Wi-Fi coverage around 
physical obstructions like elevator shafts and stair wells. These 
features also deliver signal range improvements and significantly 
increase the reliability of wireless connections.

unIquE capabIlItIEs of 802.11ac

Wider RF channel bandwidth

The 40-MHz channel of 802.11n is extended to 80 MHz and 160 
MHz with 802.11ac. From an RF planning perspective, there are 
some obstacles to using these wider channels.

For example, a wider channel is more susceptible to RF 
interference from neighboring wireless networks. However, the first 
generation of 802.11ac products will not support the wider 
160-MHz channels.

Bandwidth and throughput

Determining improvements in 802.11ac bandwidth and  
throughput gets complicated. There are many options, and 
devices like smartphones are restricted to a fraction of the 
theoretical full speed because of practical limits of space, cost  
and power consumption.

The table below offers some guidance regarding 802.11ac 
bandwidth and throughput expectations.

channel  
bandwidth

transmit – receive 
antennas

modulation and 
coding etc.

typical client scenario throughput  
(individual link rate)

throughput  
(aggregate link rate)

80 MHz 1x1 256-QAM 5/6, short 
guard interval

Smartphone 433 Mbps 433 Mbps

80 MHz 2x2 256-QAM 5/6, short 
guard interval

Tablet, PC 867 Mbps 867 Mbps

160 MHz 1x1 256-QAM 5/6, short 
guard interval

Smartphone 867 Mbps 867 Mbps

160 MHz 2x2 256-QAM 5/6, short 
guard interval

Tablet, PC 1.73 Gbps 1.73 Gbps

160 MHz 4x Tx AP, 4 clients of 1x Rx 256-QAM 5/6, short 
guard interval

Multiple smartphones 867 Mbps per client 3.47 Gbps

160 MHz 8x Tx AP, 4 clients with to-
tal of 8x Rx (with multi-user 
MIMO)

256-QAM 5/6, short 
guard interval

Digital TV, set-top box, 
tablet, PC, smartphone

867 Mbps to two 1x clients
1.73 Gbps to one 2x client
3.47 Gbps to one 4x client

6.93 Gbps

160 MHz 8x Tx AP, 4 clients of 2x Rx 
(with multi-user MIMO)

256-QAM 5/6, short 
guard interval

Multiple set-top boxes, PC 1.73 Gbps to each client 6.93 Gbps

802.11ac achievable link rate scenarios
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More spatial streams

802.11n defines four spatial streams, although there are only a few chips and APs that currently support more than three streams.

802.11ac specifies eight spatial streams, which might cause a divergence – between chips and equipment for APs with four or more 
antennas and Wi-Fi clients with less than four antennas – due to cost, physical size and power constraints.

Nonetheless, 802.11ac APs will likely grow by adding antennas, while clients will likely become more capable by implementing multiple 
spatial streams and beamforming features behind fewer antennas.

The first-generation 802.11ac products will only support up to three spatial streams.

Multi-user MIMO

So far, all IEEE 802.11 communications have been limited to point-to-point (one-to-one) or broadcast (one-to-all). With 802.11ac, a new 
feature allows an AP to transmit different streams to several targeted Wi-Fi clients simultaneously.

This is an ideal way to make use of the expected surplus of AP antennas over clients, and requires beamforming techniques to steer 
maximum signals over desired clients while minimizing interference caused at other clients. First-generation 802.11ac products will not 
support multi-user MIMO.

Modulation and coding

As semiconductor radios increase in accuracy and digital processing capabilities grow more powerful, wireless technology will continue to 
exploit the limits of modulation and coding techniques.

802.11ac represents an excellent example of this, with its sizable leap from 64 quadrature amplitude modulation (QAM) to 256 QAM. This 
represents a performance improvement of up to 33%.

This table shows how simple multiplication can generate all other rates, up to nearly 7 Gbps. But bear in mind that the conditions required 
for the highest rates – 160-MHz channels and eight spatial streams – are not likely to be realized in practical real-world WLAN deployments.

mcs lowest rates mbps 
(20 mhz channel, 1x ss)

channel width spatial streams highest rates mbps 
(160 mhz channel, 8x ss)

long GI short GI long GI short GI
0 6.5 7.2

x2.1 for 40 MHz

x4.5 for 80 MHz

x9.0 for 160 MHz

x2 for 2 SS

x3 for 3 SS

x4 for 4 SS

x5 for 5 SS

x6 for 6 SS

x7 for 7 SS

x8 for 8 SS

468.0 520.0
1 13.0 14.4 939.0 1040.0
2 19.5 21.7 1404.0 1560.0
3 26.0 28.9 1872.0 2080.0
4 39.0 43.3 2808.0 3120.0
5 52.0 57.8 3744.0 4160.0
6 58.5 65.0 4212.0 4680.0
7 65.0 72.2 4680.0 5200.0
8 78.0 86.7 5616.0 6240.0
9 (86.7) (96.3) 6240.0 6933.3

Data rates for various 802.11ac configurations
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thE Impact of 802.11ac

It is worth taking some time to consider how 802.11ac might affect the WLAN market over the next few years. No doubt there will be 
similarities to the 802.11n roll out, but also differences.

To begin with, it is best to think of 802.11ac as a set of tools that can be used individually or in combination, depending on the situation, 
rather than as a monolithic feature.

While offering several exceptional improvements out of the gate, other technical capabilities won’t be implemented for some time, and the 
industry might never manufacture a single product with 160-MHz channels and eight antennas.

However, that should not detract from the value of the 802.11ac standard. The table below shows some of the performance impacts of 
different 802.11ac capabilities and compares them to 802.11n.

802.11ac enhancement notes
Improvement over 
current 802.11n

max theoretical  
improvement over 802.11n

80 MHz, 160 MHz channel Over 40 MHz in 802.11n ~2.1x (80 MHz) 4.2x (160 MHz)
8 Spatial streams Over max 4 spatial streams in 802.11n ~2x (4SS vs 2SS) 1x (4SS vs 4SS without  

multi-user MIMO)
256-QAM 3/4 and 5/6 modulation Over 64-QAM 5/6 in 802.11n ~1.2, 1.33x ~1.2, 1.33x
Beamforming No explicit beamforming in current 802.11n systems due to 

complexity
~1.5x ~2x

Multi-user MIMO Over single-user MIMO in 802.11n ~1.5x ~2x

mandatory and optIonal fEaturEs

The IEEE and Wi-Fi Alliance will compile different lists for mandatory and optional features. Equipment will be designed to Wi-Fi Alliance 
certifications, so its requirements will dictate how access points and devices are designed. The Wi-Fi Alliance will not publish its official 
phase one certification until the end of 2012.

Estimated 802.11ac throughput improvement over 802.11n

The IEEE 802.11ac amendment is expected to achieve final IEEE ratification at the end of 2013. Concurrent work in the Wi-Fi Alliance will 
result in a certification program which is expected to launch early in 2013. 

feature mandatory optional

Channel width 20, 40, 80 MHz 80+80, 160 MHz

Modulation & coding MCS 0 – 7 MCS 8, 9

Spatial streams 1 2 – 8

Guard interval Long (800 nsec) Short (400 nsec)

Beamforming feedback Respond to beamforming sounding

Space-time block coding Transmit and receive STBC

Low-density parity check Transmit and receive LDPC

Multi-user MIMO Up to 4 spatial streams per client, with same MCS

802.11ac mandatory and optional features



IEEE 802.11ac Executive Brief

© 2012 Aruba Networks, Inc. Aruba Networks’ trademarks include AirWave®, Aruba Networks®, Aruba Wireless Networks®, the registered Aruba the Mobile Edge Company logo, Aruba Mobility  
Management System®, Mobile Edge Architecture®, People Move. Networks Must Follow®, RFProtect®, and Green Island®. All rights reserved.  All other trademarks are the property of their respective 
owners. The scale may vary depending upon the deployment scenario and features enabled.    EB_IEEE80211ac_082412

In the same way that chip vendors have now switched production almost completely to 802.11n, it is very likely that 802.11ac will become 
the de-facto standard for Wi-Fi equipment in a few years. The chart below shows one set of forecasts.  

Thus far, Wi-Fi has gained tremendous traction as a global standard. A PC or other client device can move from continent to continent 
and receive consistent service, as far as the consumer is concerned. Upon closer inspection, there are a number of national differences 
concerning allowed channels and power levels.

802.11ac uses the 5-GHz spectrum, which is not quite unified globally, and as the channel width increases to 80 MHz and 160 MHz, 
differences between national regulations will become more important. 

Silicon vendors are already shipping dual-band chips with 802.11ac at 5 GHz and 802.11n for 2.4 GHz. It is clear that they will move the 
development of new features – power-saving, system-on-chip integration, new production processes – to 802.11ac and in a few years 
these will become more cost-effective for equipment vendors.

It will be several years before chips and devices catch up with all the features in the standard, and by that time there will no doubt be 
many new developments signaling where the next wave of innovation should be directed.

conclusIon

The IEEE 802.11ac standard takes many of the best techniques the Wi-Fi industry has learned about 802.11n, and has made extraordinary 
improvements upon them.

These improvements include wider channels, higher-rate modulation and higher-level MIMO. All of them are evolutionary, except the multi-user 
MIMO capability, but together they offer a top speed that is 10 times that of 802.11n.

In enterprise networks, the higher rates and increased capacity of 802.11ac will break down the last remaining barriers to the all-wireless office. 
There should be enough capacity in an 802.11ac WLAN so that users see equivalent performance to wired Ethernet.

about aruba nEtWorks, Inc.

Aruba Networks is a leading provider of next-generation network access solutions for the mobile enterprise. The company’s Mobile Virtual 
Enterprise (MOVE) architecture unifies wired and wireless network infrastructures into one seamless access solution for corporate headquarters, 
mobile business professionals, remote workers and guests. This unified approach to access networks enables IT organizations and users to 
securely address the Bring Your Own Device (BYOD) phenomenon, dramatically improving productivity and lowering 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 and Facebook.

Wi-Fi chipset forecast for 802.11ac chipsets (millions)

Source: ABI research
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