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1. Introduction 

A Study Item to define a 3GPP methodology for measuring the radiated performance of multiple antenna reception and MIMO receivers in the UE has been in progress [1] [2].  Part of this effort has been a Round Robin test effort to compare the outcomes of the various proposed test methodologies [3].  Part one of the results was compiled into a document presented in RAN4#57, in Jacksonville [4].
This submission contains the Round Robin test results obtained by Azimuth Systems.  The test methodology employed was based on the technique described in [6] and [7], which pairs a MIMO channel emulator and a reverberation chamber to produce OTA conditions not otherwise possible.  The results include measurements made on all three round robin DUTs, using the SCME UMi and UMa channel models, with HSet-3 and HSet-6 link configurations, and spanning a power level at the DUT from –58 dBm down to –91 dBm.
2. Test Conditions
The tests were conducted using the methodology for reverberation chambers described in [5].  This is an adaptation of [3], which is written for anechoic chambers.  Some differences from [3] and [5] were necessary; these will be noted as appropriate.
Equipment
The Round Robin devices were provided by the CTIA (Pool 2) and are listed below:

· Dell HSPA-capable E6400 Laptop
· Nokia CS-15 USB dongle

· Huawei K4505 USB dongle
The major test equipment used is listed below:

· NodeB emulator: Rohde & Schwartz CMU-200
· Channel emulator: Azimuth Systems ACE MX

· Reverberation chamber: 4 transmit antennas, turntable and stirrer
Environment
Figure 1 below shows the general test environment used.  The NodeB emulator is connected to the channel emulator, which drives a set of up to four antennas through some RF amplifiers.  The DUT is placed on a turntable in such a way that the DUT antennas are near the edge of the turntable.  This maximizes the physical motion within the chamber during a test, which improves the mode stirring.  Four transmit antennas, placed in the corners of the chamber, were used to create a more statistically accurate fading environment.  A return path antenna was placed close to the DUT.  This antenna was very small so that the radiation pattern of the DUT was not disturbed.
The channel emulator was configured to provide independent fading between the output paths.  With only a single input, transmit correlation was not possible.  This yields a MIMO channel correlation of:
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Figure 1.  General test setup.

Rayleigh Fading Distribution and Isotropy

Two important properties of a reverberation chamber are the degree to which the fading envelope is Rayleigh distributed (“Rayleigh-ness”), and how isotropic the waves are impinging on the DUT.  Both these properties were measured.
The chi-square test was used to measure how close to a Rayleigh distribution the fading amplitude is [8].  For this test, the combined amplitude distribution of the channel emulator and chamber were measured over 3 seconds, at a carrier frequency of 700 MHz and chamber loaded to produce 56 ns excess delay.  The measured chi square statistic was 4, while the chi square threshold was 20.  A measured statistic less than 20 means we should believe the amplitude to be Rayleigh distributed.  Figure 2 shows the binned amplitude distribution and the ideal Rayleigh curve.
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Figure 2.  Chi-square Rayleigh amplitude tests.

Reverberation chambers are known for presenting an isotropic radiation environment to the DUT.  It should be emphasized that the isotropic environment is present only on average, that is, at any particular instant in the position of the stirrer and turntable, the waves are not impinging on the DUT from all directions.  It is only when averaged over all positions that isotropy is achieved.

To confirm the isotropy of the chamber, the test procedure in Annex J of [9] was used to measure the statistics of the anisotropy coefficients:
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where
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 represent the measured received field strength and power density, respectively,
subscripts “R”, “T” and “V” refer to the radial, tangential and vertical orientations
, and
subscripts α and β are selected from R T and V to obtain all three combinations.
This produces measures of isotropy in each of three orientations within the chamber.  CDFs of these measurements are plotted in Figure 3.  The data was obtained at 744.7 MHz with the chamber loaded to produce 30 ns excess delay.  Parts (a) through (c) of the figure show a CDF of the anisotropy coefficients in each of three orientations, while part (d) shows the overall.  In each case, the ideal is shown with a black line.  The result shows that, on average, over all stirrer positions and all turntable positions, the environment presented to the DUT is isotropic.  Note that although the data was not measured at the same frequency as the DUT operation, isotropy improves with increasing frequency, so we can say that the isotropy of the chamber at 2.1 GHz is better than what is shown in Figure 3.
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Figure 3.  Isotropy measurements conducted at 744.7 MHz with four transmitting antennas.
Calibration

One of the most important parameters of the test is the average signal level present at the DUT location.  The procedure used in these tests was as follows.
Using a network analyzer, the path loss was measured for a single wall antenna path to the reference antenna.  The path was measured as the turntable and stirrer was in motion, and when these completed a sweep, the average path loss was computed.  This was repeated for each wall antenna to produce four average path loss values.  Since it is possible for these values to be different, the channel emulator was used to provide attenuation on the lower-loss paths to match as closely as possible the end-to-end losses.  Finally, the signal level present at the DUT is computed as the sum of the power provided at the DUT location from each wall antenna.
Another key parameter is the efficiency of the reference antenna.  This must be known in order to compute the correct field strength at the DUT location.  The results shown Section 3 do account for this, as well as all cable losses in the system.

RMS delay spread was computed using the direct method described in [4], and RF absorber was added to achieve the desired delay spread.  The delay spread achieved for the throughput measurements was 30 ns.
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Figure 4.  Calibration setup.
Channel Models

The channel models specified for the RR testing are the SCME narrow Urban Macro (UMa) and the SCME Urban Micro (UMi).  Results are presented using these models.  Additional models, specified in [4], were also used, but are not presented in this submission.
NodeB Configuration

The NodeB emulator was configured according to the tables in [2] and [4] to create two different FRCs, HSet-3 and HSet-6.  All results were obtained with one of these FRCs.
Measurement Procedure
The test plan [4] specifies that 5000 frames be transmitted for measuring throughput.  This only lasts about 10 seconds.  The proper operation of the reverberation chamber requires that a sufficient amount of physical “stirring” be performed to achieve an average signal level at the DUT within a certain tolerance.  For these tests, Azimuth ran two back-to-back sets of 10,000 frames, per signal level, lasting for about 45 seconds.  The resulting measured throughput was averaged to produce the points on the plots in Section 3.
3. Test Results
The main results are presented below in (Figure 5 and Figure 6).
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Figure 5.  HSet-3 results for all round-robin devices, UMa on left, UMi on right.
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Figure 6.  HSet-6 results for all round-robin devices, UMa on left, UMi on right.
4. Discussion

At the time of this writing, Azimuth does not have possession of the raw data presented in [4]
 in summarized form, so direct comparison with the other round robin results is difficult.  However, the results strongly correlate with several of the anechoic results and are clearly different from the other reverberation chamber results.  It is important to understand why this is so.
One possibility is the effect of the chamber delay spread.  It is desirable to have the chamber delay spread be as small as possible without compromising the basic properties of the reverberation chamber.  As shown in Section 2.2.1, the 30 ns delay spread loading in this chamber does not compromise the Rayleigh amplitude distribution nor does it compromise isotropy.

Another possibility is the placement of the uplink antenna. Since the test purpose is to measure DUT receiver performance, removing the impact of the uplink is important.  For this reason, the uplink (return path) antenna signal should not be strongly faded, as this will degrade the overall system throughput and bias the results due to this unwanted contribution.
5. Conclusions

Azimuth Systems completed the HSDPA Round Robin and includes its results here for comparison with the results obtained by other round robin participants.  The results compare more closely with results obtained with emulator + anechoic chambers rather than the results obtained with other emulator + reverberation chamber participants.  These differences are likely due to the reduced inherent delay spread of the Azimuth reverberation chamber, and the placement and size of the uplink antenna.  Further investigation is required to fully understand these effects.
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� The radial, tangential and vertical orientations are relative to the edge of the turntable platform in the chamber.
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