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1. Introduction 

A Study Item (Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals, [FS_HSPA_LTE_measRP_MIMO_multi-antenna]) was established in March 2009 [1]. During the 3GPP TSG-RAN4 meeting #50-BIS in Seoul, a skeleton report for MIMO OTA study item [2] was agreed. The skeleton covers Introduction, Performance metrics, Methodologies based on anechoic RF chamber, Methodologies based on reverberation chamber, and Recommendations. Several candidate methodologies have been approved to be included in TR.

This contribution describes a test plan for MIMO OTA measurements using a channel emulator and reverberation chamber together to expand the channel modeling conditions.  The test plan is based on contributions submitted during TSG-RAN4 meeting #54 in San Francisco [3], and during TSG-RAN4 AH#2 in Dublin [4].
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Methodologies based on Reverberation Chamber
<6.3.2.1 is unchanged>

1.1.1.1.1 
Candidate Solution 2

The reverberation chamber by itself has a limited range of channel modeling capabilities.  Specifically,

· The power/delay profile is limited to a single decaying exponential

· The Doppler spectrum and maximum Doppler is limited by the relatively slow motion of the stirrers

· It is difficult to impart a specific, repeatable MIMO fading correlation on the downlink waveform

These limitations can be overcome when a MIMO channel emulator and reverberation chamber are cascaded.

The power/delay profile (PDP) can be enhanced beyond the single decaying exponential by programming the channel emulator with fading taps set at the desired excess delays.  The resulting PDP will be the convolution of the taps provided by the channel.

The fading taps provided by the channel emulator allow much higher Doppler spreads than from the reverberation chamber alone.  If a classical fading spectrum with a maximum Doppler of 100 Hz is desired, the channel emulator is configured to provide this.  The resulting overall Doppler spectrum that results is the convolution of the channel emulator’s Doppler spectrum with that of the reverberation chamber.

The fading produced by the cascaded channel emulator and reverberation chamber has a double-Rayleigh amplitude distribution.  Because performance simulations generally use Rayleigh fading, simulation results for the double-Rayleigh case are not available.

The benefit is testing with a much higher maximum Doppler, on the order of 100 Hz or higher, than is possible with the reverberation chamber alone.  Under these conditions, the reverberation chamber-induced fading will effectively be constant while the channel emulator-induced fading will dominate.  Therefore, while a receiver’s performance under such circumstances will definitely be different than under normal Rayleigh fading conditions, it should not undermine the receiver’s ability to demodulate.  Tests have shown that this is indeed the case.  However, due to the lack of double-Rayleigh simulation results, measured results should only be compared with other devices using these same test conditions.

The correlation of fading between the downlink MIMO transmission paths can be adjusted using the channel emulator.  This is also known as “BS correlation,” reflecting the fact that it is controlled on the BS side of the link.  The way to set this correlation using the channel emulator is as follows: using the Kronecker model of fading correlation, set the desired correlation of the transmit or BS correlation matrix.  The receiver or MS correlation matrix should be set to identity.  An example is given for a 2x2 MIMO system:
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The value for  is the desired correlation between the two downlink paths.  Note that it is not possible to control the phase of the correlation, only the amplitude.

The downlink antennas in the chamber are typically referred to as “wall” antennas.  There should be a number of them equal to the number of spatial streams supported by the DUT.  The spacing of the wall antennas is not very important.  Tests have shown that as the spacing between them is changed over a range between 6 and 80 mm, the measured correlation changes very little, on the order of 5% to 10%.
1.1.1.1.2 Concept and Configuration

The general configuration to be used for testing is shown in Figure XXXX below.  The specific example show there is for two BS antennas.  If higher order MIMO devices are to be tested, additional antennas are required.  The channel emulator is placed between the (e)NodeB emulator and the reverberation chamber.  Two calibrations are performed:

1) Calibration of reverberation chamber loading to set the proper chamber impulse response.  Most of the time, the chamber will be loaded to produce a specific, desired chamber RMS delay spread.  This is achieved using such devices as a phantom head, tank filled with liquid, and RF absorbing foam.  For use with the channel emulator, it is desirable to set the chamber RMS delay spread as low as is allowable (approximately 55 ns)
, although higher RMS delay spreads are also legitimate, depending on the desired overall PDP.

2) Calibration of the losses from (e)NodeB emulator to DUT location.  This is already described in the test methodology for the reverberation chamber alone (6.3.2.1).

The calibrations are performed in this order, using a test antenna as the DUT antenna, and with the DUT in the chamber as it will be during the test.  The contents of the chamber should not be disturbed after the calibration is complete.  More information about the calibration procedures are found in a later section.
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Figure XXXX: Test bench configuration for test using channel emulator and reverberation chamber for a 2x2 MIMO configuration.

1.1.1.1.3 Test Conditions

After the chamber is calibrated, the emulator is configured for the desired channel model, including the end-to-end PDP, the desired fading spectrum and Doppler spread, and the MIMO fading correlation.  At this point, the system is ready to test the DUT, and a procedure appropriate to the FOM being measured is carried out.

There are two basic operating methods, dependent on the motion of the stirrers and the state of the fading in the channel emulator, the “dynamic” and the “move-and-stop” methods.

In the dynamic method, the stirrers, turntable and channel emulator to operate continuously while the specific FOM is measured.  A good example of this use would be throughput measurements under the conditions of a high Doppler rate, or, measured while the signal levels are varied over a wide range.

In the move-and-stop method, the stirrers and turntable are positioned in a number of combinations as described in 6.3.2.1.2.  The channel emulator is allowed to run for a fixed length of time (usually 1 or 2 seconds is enough) and paused.  The FOM is measured while the stirrers and turntable are not in motion, and the channel emulator is paused.  In this method, the number of fixed positions and emulator states must be at least enough to guarantee the proper amplitude distribution.  Automation of this entire procedure will significantly reduce the test time.
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� If the delay spread is reduced to below this point, the chamber’s ability to produce the desired Rayleigh amplitude distribution at the DUT is degraded.
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