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5.3.2.2 Test Setup

Insert the following figure and caption after Figure 3:
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Figure 4---Minimal set of components in a MIMO system with a MIMO channel.  Note that as depicted, the MIMO channel and 4 variable attenuators do not necessarily 
Insert the following new subclause at the appropriate place in the draft:
5.3.2.2.1 MIMO Channel Setup
Figure 4 shows the minimal setup for a conducted setup for testing MIMO devices.  A MIMO channel is inserted in the path between the WLCP and the DUT, and a bank of programmable attenuators are used, one for each possible antenna connection.  The diagram shows the maximal case of 4x4 MIMO systems.  If the DUT has fewer antenna connections, then fewer attenuators are required.  Likewise, if the WLCP has fewer than four antennas, then fewer connections to the MIMO channel are required.
Depending on the needs of a specific metric, the transmit power of the device attached to the traffic generator and the path loss of the MIMO channel and attenuators may need to be characterized.  For these situations, the transmit power should be measured at each antenna port, and the path losses for all connected paths should be measured.
The power meter is used to measure the power transmitted by the device attached to the traffic generator.  This is done because it is usually much easier and more accurate to measure the power of a high-level source, rather than a low-level one.  However, if a means of measuring power due to the WLCP directly on the DUT side of the MIMO channel and attenuators is sufficiently accurate, this is also acceptable.   If the traffic generator is connected to the DUT, then transmit power is measured at the DUT.  If the traffic is bidirectional, the power is measured at both devices.
The MIMO channel can be any of a number of possible channel matrices.  The following describe a few baseline channels.
MIMO Channel Types

Two baseline classes of channels are defined for MIMO testing: unitary channels and MIMO multipath fading channels.  Unitary channels are not time varying, and have a flat frequency response.  They can be represented as a unitary channel matrix, hence the name.
  There are many possible unitary matrices that are suitable for use as a MIMO channel.  Two baseline unitary channels are defined here: the identity matrix and the Butler matrix.

MIMO multipath fading channels are channels that, as the name implies, have multiple inputs and multiple outputs, frequency selectivity (due to multipath), and fading (due to motion).  The set of six models defined for the 802.11 High Throughput (HT) Extensions are defined as baseline in this document.
Identity Channel

The simplest of all possible channel matrices is the identity channel, which is depicted in Figure YY below.  This channel is simply the direct connection of antennas on the WLCP to antennas on the DUT through the programmable attenuators.  This channel matrix is not applicable for general MIMO systems due to (a) the possibility of a differing number of antenna connections on the WLCP and DUT, (b) the fact that this channel does not exercise receiver diversity or transmit beamforming, and (c) performance that does not correlate with a real, over-the-air system.  For these reasons, the identity matrix is not recommended for general use.  However, it can be useful for connecting two devices and exercising protocol-level tests.
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Figure YY.  The identity channel.
The channel matrix H depicts the ideal identity matrix channel and does not account for real implementation losses.  Real implementations will typically have a system gain other than 1 (0 dB).
Butler Matrix Channel

A Butler matrix is one possibility and is recommended as the baseline method for connecting two MIMO devices.  The benefits of a Butler matrix are:

· The RF power of a signal transmitted on an input port passes through the matrix and is equally divided among the output ports, permitting receiver diversity to be tested under non-fading conditions.
· The RF signal received at an output port is the summation of the signals transmitted on all input ports, with phase shifts, allowing transmit beamforming to be tested under non-fading conditions.
As stated earlier, there are many possible unitary matrices that are suitable for connecting MIMO devices.  There are also many possible unitary matrices that have the two properties described above, all of which should yield identical performance results when used for testing.  However, for consistency, this document recommends the Butler matrix as a baseline.
Figure XX below shows the schematic for one possible implementation of a 4x4 Butler matrix on the left, while its matrix representation is shown on the right.  In the matrix representation, each element in the matrix is a unit amplitude complex number whose phase is specified after the angle symbol.
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Figure XX.  Passive RF circuit for a Butler matrix on the left; matrix representation of same on the right.
The channel matrix H in Figure XX depicts the ideal Butler matrix channel and does not account for real implementation losses.  Real implementations will typically have a system gain other than 1 (0 dB).

A Butler matrix is inserted into the test setup of Figure 4 as the MIMO channel.  If the WLCP or DUT do not have four antennas, the extra ports of the Butler matrix are terminated.





MIMO Multipath Fading Channels
The performance of 802.11 MIMO devices in multipath and fading is important due to the strong dependence of this PHY layer on the characteristics of the MIMO multipath channel.  For measuring the performance of 802.11 MIMO devices, this document recommends using a multipath emulator capable implementing the models defined in the TGn channel models document.  The emulator should be capable of providing multipath emulation for signals passing through it in both directions (i.e., “bi-directional”).  The emulation provided should create the conditions of a reciprocal channel.
The parameters of the multipath models are listed in Table QQ and should be reported with the measurement of any metric using these models.

	Model
	A, B, C, D, E, F

	Transmit antenna spacing (d/)
	½, 1, 4

	Receive antenna spacing (d/)
	½, 1, 4

	Line-of-sight component
	Yes/no

	Doppler rate (Hz)
	2.7 / 5.8


Table QQ.  Parameters of the multipath models.
It is important to understand the impact of the time-varying nature of a multipath fading channel on test time.  See Appendix XYZ for guidance on how long to make measurement when testing with these channel models.

There are many possible degradations in the implementation of a channel emulator that can affect the fidelity of the wireless signal.  To be useful for 802.11 wireless devices, the channel emulator should provide at least the following level of performance:
· Error Vector Magnitude as measured with an identity channel: –XX dB
5.3.4 Modifiers and variations

Change item (c) in the list to state:
c)
A multipath channel emulator can be inserted in the RF path to evaluate the effects of multipath on the system.
Insert the following text as an appendix in the appropriate place:
Appendix XYZ
When testing wireless devices in simulated multipath, one should be aware that there are effects due to system dynamics that can extend the time it takes to make repeatable and statistically meaningful measurements.  This is due to the time-varying nature of the channel, and to adaptive algorithms within the wireless protocols.

As an example, consider the receiver sensitivity test.  In this test, rate adaptation is disabled and frames are transmitted at a single PHY rate, while frame errors are counted by one of two methods.  Typically, in a cabled environment (white noise only, no fading and no multipath), a common rule of thumb is that there needs to be at least 100 frame errors to obtain a statistically valid (repeatable) frame error rate measurement.  The 100 frame error limit is a minimum; repeatability will noticeably improve as more frame error events occur.

When testing receiver sensitivity in a fading environment (such as the MIMO channel models), the rule of thumb is that there must be at least 100 fading events and at least 100 frame errors.  Fading events occur at approximately the RMS Doppler frequency, while frame errors under these conditions are usually many more than 100.  Hence for the MIMO channel models in the 2.4 GHz band, the test must run at least 37 (100/fd) seconds to allow approximately 100 fading events, regardless of how quickly 100 frame errors are accumulated.  Again, repeatability continues to improve for longer measurement times.
As a further example, in a throughput test, there are additional dynamics that affect the measurement time.  Throughput tests can involve physical layer rate adaptation, which have dynamics of their own.  The interactions between fading and rate adaptation can make the rule of  100 fading events too short.  Furthermore, TCP has adaptive features, and when used for a throughput test with a channel simulator can also increase the required test time.  It has been observed in practice that it takes up to 5 minutes to obtain a repeatable throughput measurement using TCP.
If the situation is such that it is not clear how long a measurement time is required, repeated trials should be conducted to determine the variability in the result and hence, an appropriate measurement time.
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Abstract


This document contains proposed changes to the P802.11.2 draft (D0.102) that would define test methodologies for 802.11n MIMO devices.  The proposal addresses the following CIDs: 49, 270


This document is currently a work-in-progress provided for information and comment.
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� A unitary matrix is a square matrix U with the property: UH = U–1.
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