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1. Introduction
An Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices was organized by CTIA MOSG and supported by 3GPP RAN4. The test plan was outlined in [1].
The objective of this contribution is to present the preliminary results obtained by EMITE using its E400 mode-stirred reverberation chamber with its natural 3D isotropic NIST channel model as reverberation chamber candidate methodology 1 (RC) and to verify whether this candidate methodology is able to provide a MIMO radiated performance verdict based on a 3-point scale, from Excellent (Grade 3) to Poor (Grade 1), in accordance to the requirements setup by some operators.

*Results in EMITE tests are not valid for any conclusion as Intel confirmed during the MIMO OTA session in which these results were presented, as shown in the corresponding minutes, that the CTIA LTE device passed onto EMITE for these tests was unstable.

2. Test setups
2.1 Reference antennas and devices

The CTIA reference antennas have been used in conjunction with the CTIA test device specified in [1]. EMITE received the test pack number 2, which included the reference antenna set MOSG-RA-13-2 (Good, Nominal and Bad) and the reference device MOSG-RD-13-2 (hTC Rezound ADR6425LVW B13 LTE handset).

2.2 Measurements setup

CTIA Test Plan revision 11 was employed in these measurements [1]. Two different test setups have been employed. For the reverberation chamber candidate methodology one (RC), an Anritsu MT8820C Base Station Emulator (BSE) was connected to an EMITE E400 mode-stirred reverberation chamber (MSRC) as depicted below. The settings in the test plan provided a theoretical maximum throughput of 35424 kbps.
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Figure 1. EMITE test setup for radiated measurements using RC candidate methodology 1 (RC).

The test system reproduces the NIST channel model, as described by previous contributions. The E400 MIMO Analyzer mode-stirred reverberation chamber is a multiple-cavity chamber with 9 transmitting antennas, 25 coupling slots and two mode-stirrers. The RMS DS for the NIST tests was reduced to 80±5 ns in accordance to [1] using absorbers. For the RC candidate methodology 1 setup (RC), testing was performed using step-wise stirring, wherein the throughput was sampled at each fixed stirrer position to avoid any Doppler shift. 

For the reverberation chamber candidate methodology 2 (RC+CE), an Anritsu MT8820CE was connected to a Spirent SR5500M channel emulator, which in turn was cascaded to an EMITE E400 mode-stirred reverberation chamber as depicted below. A pair of amplifiers (one per downlink channel) were inserted right at the input RF connectors of the E400 mode-stirred reverberation chamber, as also illustrated below. 
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Figure 2. EMITE test setup for radiated measurements using RC candidate methodology 2 (RC+CE).

For the RC candidate methodology 2 setup (RC+CE), testing was performed using step-wise stirring, wherein the throughput was sampled at each fixed stirrer position to avoid any Doppler shift. Conducted measurements were performed with the DUT inside the mode-stirred reverberation chamber. The EMITE slot was extremely close to submission deadline for this meeting. At time of submission, only the NIST test results were processed, and therefore only NIST test results are presented in this document.
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Figure 3. EMITE test setup for conducted measurements using RC candidate methodology two (RC+CE).

2.3 Channel models

For the RC candidate methodology 1 (RC) setup, testing was performed using the NIST channel model with the E400 chamber with an RMS DS of 80±5 ns. The validation of the channel model in E400 has been provided in previous contributions. For the conducted tests, the 7-tap NIST channel model proposed in [2] was used. The base station antennas were assumed to be uncorrelated.
3. Results
Both conducted and radiated test results using the B13 CTIA reference device and their associated reference antennas are presented in this section. Tests have been performed in 64QAM modulation scheme and TM3 transmission mode as set in the test plan. Results are reported from 100% down to 70% throughput as per CTIA test plan test requirements [1]. Some repeatability tests were performed, showing a repeatability of ±0.5 dB.
3.1 Conducted results

The conducted test results for the hTC device without channel impairments and with the NIST channel model injected through the SR5500M are illustrated in figure 4.
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Figure 4. Results from conducted measurements of the hTC handset.

3.2 Radiated results

3.2.1 Reverberation Chamber Candidate Methodology 1 (RC)
The radiated test results for the hTC device with the mode-stirred reverberation chamber candidate methodology 1 (RC) implemented using EMITE E400 MIMO Analyzer MSRC are illustrated in figure 5. Figure 5 depicts a comparison between test results for the NIST model and good, nominal and bad CTIA reference antennas. Similarly, a B13 handheld device (DUT-A) was tested with the same channel conditions and BSE settings but using its own internal antennas. Radiated test results for DUT-A are also shown in figure 5 for comparison purposes. In all tests, a 100% maximum throughput was achieved.
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Figure 6. EMITE test results for hTC handset and DUT-A using the NIST channel model.

4. Analysis of results
Conducted test results show high slope curves, as also previously reported many times by other labs. While conducted tests are required as a reference value, their very high slopes demonstrate their inability to be used for compliance testing without any OTA information. Radiated test results always reached 100% throughput at high signal powers.
When comparing devices’ performance, it is very interesting to observe that the MIMO OTA device performance ranking from Good to Bad is clearly visible and performance between Good to Bad can be differentiated in an easy way. An approximate ~9dB difference between Good and Bad results is observed, while the difference between Good and Nominal was around ~3.5 dB. A good repeatability of ±0.5 dB was observed.
Results were analysed in terms of the recently-proposed ranking scheme by some operators [3]. In this sense, a MIMO Throughput Rank (MTR) value of 3 is assigned to Good reference antenna results, an MTR=2 is assigned to Nominal reference antenna results nd an MTR=1 is assigned to bad reference antenna results. In order to come out with an easy-to-use evaluation number using measured absolute data throughput, for each test curve 3 test RS_EPRE points were selected for analysis; the RS_EPRE at which 90, 80 and 70% of maximum throughput are achieved. These three values are then averaged to form the device’s MIMO Throughput Sensitivity or MTS. The MTS values for which rank 3, 2 and 1 (MTR) are set are obtained from the measurements with the reference antennas. The MTR of a device is then obtained by comparing its MTS to those of reference 3 for Good, 2 for Nominal and 1 for bad. Using this 3-point evaluation, Good (red), Nominal (orange) and Bad (green) device areas as well as MTS for Good. Nominal, Bad and DUT-A devices are depicted in figure 7. Table 1 lists the measured MTS and MTR values for each device, including the measured DUT-A, which exhibits an MTR=1.46, and can then be classified as a Nominal device. Results are in agreement with reference correlation data. A study aimed to compare MTR measured results of different devices across labs and methodologies is envisaged.
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Figure 7. EMITE MIMO OTA evaluation results (MTR) for hTC handset and DUT-A using the NIST channel model.

Table 1. EMITE MIMO OTA evaluation results (MTR and MTS) for hTC handset and DUT-A using the NIST channel model.
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5. Conclusions

*Results in EMITE tests are not valid for any conclusion as Intel confirmed during the MIMO OTA session in which these results were presented, as shown in the corresponding minutes, that the CTIA LTE device passed onto EMITE for these tests was unstable.

Results obtained with the Reverberation Chamber candidate methodology 1 (RC) using its inherent NIST channel model clearly show the method’s ability to distinguish Good from Bad MIMO devices and rank devices as required by some operators with good repeatability. The differences between Good, Nominal and Bad antennas on devices are clearly distinguished and in line with the correlation differences between these antennas.
In order to use MIMO OTA tests in practice, some operators have proposed to rank devices from 3 (Good) down to 1 (Bad). A handheld DUT-A device measured under the same conditions, and evaluated using a 3-point scale with the criteria suggested by some operators in [3] shows a MIMO OTA performance in terms of MIMO Throughput Rank of 1.46, and therefore can be classified as a Nominal device.

Reverberation Chamber candidate methodology 1 (RC) using its inherent NIST channel model can clearly provide the required response proposed by some operators in [3]. An analysis of the reproducibility of these results between different labs and methodologies is envisaged for future meetings.

When accounting for all pros and cons, the suggestion of EMITE is to use the simplest and most time- and complexity-effective method for MIMO OTA compliance testing, which is Reverberation Chamber candidate methodology 1 (RC) as it has demonstrated its ability to provide a good, repeatable and accurate response to the question in hands in order to differentiate Good from Bad MIMO devices.
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