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ultiple input, multiple output (MIMO) technology, the foundation
for the next generation of Wi-Fi products, leverages multiple
transmit and receive antennas to deliver greater wireless throughput
and range, enabling ubiquitous high-speed voice, video and data
services. Today, three basic methods can be used to test MIMO-
enabled devices.
1. Over-the-air testing (for real-world performance spot check
testing).
2. Controlled RF testing with channel emulation (for performance
testing).
3. Controlled RF testing with static channel (for functional test).
Each of these testing methods offers trade-offs in terms of time, cost,
reliability, repeatability and automation.
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The emerging 802.11n standard, with the presence of up to four
transmit (Tx) and up to four receive (Rx) chains, signiycantly
increases the complexity of the physical (PHY) layer in comparison
to the 802.11a/b/g standardsd much simpler single-input, single-output
(SISO) architecture. For example, there are more than 300 modula-
tion-coding schemes (MCS) in the 802.11n standard, which are func-
tions of channel bandwidth, number of spatial streams and types of
modulations. Complexity of the 802.11n media access control (MAC)
layer has also increased substantially compared to that of 802.11a/b/g
technologies.

This new standard has dramatically augmented the number of
possible conygurations in which products can be architected to oper-
ate or more accurately, interoperate, increasing test requirements in
several ways.

Ensuring that the MAC and PHY layers operate properly in an
802.11n system requires extensive functional testing in device-to-
device and device-to-network conygurations. An example is the rate
adaptation algorithm, which has more variables and options than
before and requires a systematic ability to validate that the algorithm
functions properly.

The goal of the MIMO architecture is to provide the highest possible
throughput and the longest possible range by optimizing the use of
the Tx and Rx chains, the modulation schemes, channel bandwidths,
etc. to deliver solutions with maximum performance. Semiconductor
and equipment vendors will all work to differentiate their products
by improving their algorithm implementations, driving demand for
comprehensive performance testing. The performance of each prod-
uct must be validated in all possible operating modes and in as many
different multipath environments as possible.

Finally, given the many potential MIMO device conygurations,
validating the interoperability of these devices with other 802.11n
MIMO devices, as well as with legacy 802.11a/b/g SISO devices, is
critical to maintaining the ubiquitous operation of the Wi-Fi network.

The challenge facing engineering teams tasked with developing
802.11n systems is how to conduct sufycient functional, interoperability
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and performance testing required to deliver a high-quality product in
a business environment that demands that products be delivered to
market in less time and with less cost.
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Real-world over-the-air (OTA) testing is used to test the perfor-
mance, functionality and interoperability of Wi-Fi devices in the pro-
duction environment in which they will operate. While this approach
is in fact realistic, the result is a manual, slow fispot checko of a single
test scenario, which is only representative of the conditions at that
moment in time. Examples of performance measurement using OTA
testing include basic RF performance (Rx sensitivity, EVM), throughput
vs. range, and packet error rate (PER) vs. range.

Although, many silicon vendors and device manufacturers have
focused on manual OTA testing for 802.11a/b/g SISO devices, the
complex MIMO environment and the requirement for multipath makes
this type of testing more difycult and less comprehensive for 802.11n.
Manual OTA testing conducted in an uncontrolled RF environment is
subjected to random, uncontrollable statistical effects, which leads to
irreproducible test results. Non-reproducible test results signiycantly
increase the difyculty of conyrming the existence and resolution of
MIMO system design problems. When manual OTA testing is con-
ducted in a controlled RF shielded room, the enclosure size limits the
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