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1. Introduction

CTIA MOSG has initiated phase 3 of the IL/IT testing campaign. For this phase real devices are sent around to labs utilizing different MIMO OTA methodologies [1].

This contribution presents initial results from measurements performed in the Bluetest lab. Results from measurements using a standalone reverberation chamber are presented, as well as results from measurements utilizing a reverberation chamber combined with a channel emulator. The standalone reverberation chamber emulates the isotropic channel model based on NIST and the reverberation chamber combined with a channel emulator emulates the isotropic short delay spread low correlation and long delay spread high correlation channel models. The UE noise limited test scenario has been implemented with both methodologies, as well as the test scenario employing SIR control.

2. Reference Devices

All measurements presented in this contribution have been performed with reference devices provided by CTIA MOSG. A set of two devices was provided, one Samsung Galaxy S4 handset and one Samsung SGH-T779 tablet. These devices utilize band 2 and band 4, respectively. Detailed information for these reference devices is given in Figure 1.

[image: image1.jpg]Band 2

Samsung Galaxy S4

CTIA ID Number: MOSG-RD-02-03
IMEI #: 356420050001254

SN: R31D306DJCM

Band 4

Samsung SGH-T779

CTIA ID Number: MOSG-RD
IMEI #: 354414050003222

SN: aeb64a0c




Figure 1   Details of the reference devices used for the measurements in this contribution.
3. Measurement Setup and Procedure

CTIA MOSG has provided a test plan for phase 3 of the Inter-Lab/Inter-Technique MIMO OTA Performance Comparison Testing. For the measurements presented in this contribution, revision 2 of the test plan was used [1], thus employing the approach and settings specified in that revision.

This section summarizes the settings used and describes implementation specific details. A summary of identification data for the equipment utilized can be found in Table I.
3.1 Radiated Measurement Setup

The radiated measurements presented in this contribution have been performed with a standalone reverberation chamber and a reverberation chamber combined with a channel emulator. The schematics of these setups can be studied in Figure 2. In particular, the Bluetest RTS60 reverberation chamber, Rohde&Schwarz CMW500 base station simulator and Spirent VR5 channel emulator have been utilized. The setup utilizing the reverberation chamber only enables testing with the isotropic channel model based on NIST, for which the reverberation chamber was tuned to an RMS delay spread of 80 ns. The setup utilizing a reverberation chamber combined with a channel emulator enables testing with the isotropic short delay spread low correlation and long delay spread high correlation channel models. For these measurements the reverberation chamber was tuned to an inherent RMS delay spread of 40 ns.
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Figure 2   Schematic figure of the measurement setup for the standalone reverberation chamber (top) and the reverberation chamber combined with a channel emulator (bottom) for radiated measurements.
Table I   Identification data for the equipment utilized during the CTIA MOSG IL/IT phase 3 testing activity.
	Test Setup 1

	
	
	

	Reverberation Chamber Specifications
	
	

	
	Vendor
	Bluetest

	
	Model no.
	RTS60

	
	SW version
	1.11

	eNodeB Specifications
	
	

	
	Vendor
	R&S

	
	Model no.
	CMW500

	
	FW version
	3.2.12 (base), 3.2.50.41 (LTE)

	Channel Emulator Specifications
	
	

	
	Vendor
	Spirent

	
	Model no.
	VR5-4C08D

	
	FW version
	2.7.343.3


3.2 Conducted Reference Measurement Setup

Conducted measurements without channel impairments have been performed, in order to assess the baseline performance. For these measurements, a static propagation channel matrix was enabled in the eNodeB. In line with [2], the DUTs were placed in a shielded environment. In order to align with the reported available power at the DUT antenna ports in the radiated measurements, the power reported for the conducted measurements is the power per receiver port.
3.3 eNodeB Settings

The eNodeB settings used for the measurements align with the settings specified in the test plan, revision 2 [1]. Due to time limitations, only data for the R.35 scenario has been collected.

It is important to note that there were new revisions of the test plan provided after the Bluetest testing slot. In revision 4 of the test plan the PSS and SSS settings have been updated, thus specifying 0 dB. For the measurements presented in this contribution, PSS and SSS were set to – 3 dB. This is believed to have negligible impact on the results presented, but further investigations would be beneficial.

To the best of the author’s knowledge, no other changes that would affect the results have been introduced in the later revisions of the test plan.

3.4 SIR Implementation

In order to achieve the SIR levels specified for the SIR controlled tests, AWGN was added to the signal. The implementations described in [1] were used.
4. Results
This section presents the radiated results from measurements of the CTIA MOSG reference devices, utilizing a standalone reverberation chamber and a reverberation chamber combined with a channel emulator. Results are presented for all test cases specified in the test plan except R.11. Due to time limitations, no data was collected for the R.11 test case.

As a reference, Figure 3 shows results from three consecutive measurements for each device of the conducted MIMO throughput performance without channel impairments (static propagation channel matrix enabled). A repeatable response is observed for both devices.
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Figure 3   Results from three consecutive measurements of the conducted MIMO throughput performance without channel impairments for both reference devices.
4.1 UE Noise-Limited Test – NIST

Figure 4 shows the results from radiated measurements of both CTIA MOSG reference devices using the isotropic channel model based on NIST, emulated by a reverberation chamber.
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Figure 4   Results from three consecutive measurements of the radiated MIMO throughput performance for both CTIA MOSG reference devices using the isotropic channel model based on NIST. These results are obtained for the UE noise-limited scenario.
4.2 UE Noise-Limited Test – Short Delay Spread Low Correlation

Figure 5 shows the results from radiated measurements of both CTIA MOSG reference devices using the isotropic short delay spread low correlation channel model, emulated by a reverberation chamber and channel emulator setup.
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Figure 5   Results from three consecutive measurements of the radiated MIMO throughput performance for both CTIA MOSG reference devices using the isotropic short delay spread low correlation channel model. These results are obtained for the UE noise-limited scenario.
4.3 UE Noise-Limited Test – Long Delay Spread High Correlation

Figure 6 shows the results from radiated measurements of both CTIA MOSG reference devices using the isotropic long delay spread high correlation channel model, emulated by a reverberation chamber and channel emulator setup.
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Figure 6   Results from three consecutive measurements of the radiated MIMO throughput performance for both CTIA MOSG reference devices using the isotropic long delay spread high correlation channel model. These results are obtained for the UE noise-limited scenario.
4.4 SIR Control – NIST

Figure 7 shows the results from radiated measurements of both CTIA MOSG reference devices using the isotropic channel model based on NIST, emulated by a reverberation chamber.
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Figure 7   Results from three consecutive measurements of the radiated MIMO throughput performance for both CTIA MOSG reference devices using the isotropic channel model based on NIST. These results are obtained for the SIR controlled scenario.
4.5 SIR Control - Short Delay Spread Low Correlation

Figure 8 shows the results from radiated measurements of both CTIA MOSG reference devices using the isotropic short delay spread low correlation channel model, emulated by a reverberation chamber and channel emulator setup.
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Figure 8   Results from three consecutive measurements of the radiated MIMO throughput performance for both CTIA MOSG reference devices using the isotropic short delay spread low correlation channel model. These results are obtained for the SIR controlled scenario.
4.6 SIR Control - Long Delay Spread High Correlation

Figure 9 shows the results from radiated measurements of both CTIA MOSG reference devices using the isotropic long delay spread high correlation channel model, emulated by a reverberation chamber and channel emulator setup.
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Figure 9   Results from three consecutive measurements of the radiated MIMO throughput performance for both CTIA MOSG reference devices using the isotropic long delay spread high correlation channel model. These results are obtained for the SIR controlled scenario.
5. Result Analysis

Based on the results presented in Section 4, a number of important observations can be highlighted.

· Ranking of the reference devices for the UE noise-limited scenario. It is possible to notice a performance difference between the CTIA reference devices for the UE noise-limited test scenario for all channel models. However, the difference between the two devices is only 1 – 2 dB (comparing the 70 % throughput level). This difference could be a combined effect of differences in UE antenna efficiency and correlation.

· Ranking of the reference devices for the SIR controlled scenario. For the SIR controlled scenario, no difference can be observed between the two devices when using the isotropic channel model based on NIST and the isotropic short delay spread low correlation channel model. One possible explanation is that the difference in UE antenna correlation is negligible (the impact of the UE antenna efficiency is effectively removed for the SIR controlled scenario). For the long delay spread high correlation channel model there is an observable difference of about 2 dB between the two devices (comparing the 70 % throughput level). One possible explanation for this result is that the handset has lower antenna correlation and/or the receiver is better at handling highly correlated channels. The reason for not detecting this difference using the other channel models could be due to that the long delay spread high correlation channel model inherently gives a high overall correlation in the channel, thus amplifying the difference in throughput performance due to small differences in UE antenna correlation. Another possible explanation could be that the receiver of the handset is better at handling the longer delay spread of the channel.


· Comparison between the isotropic channel model based on NIST and the isotropic short delay spread low correlation channel model. The difference between the isotropic channel model based on NIST and the isotropic short delay spread low correlation channel model for the UE noise-limited scenario is 1 – 2 dB. This shift is constant for both reference devices. One possible explanation is that the two channel models both have short delay spreads and base station antennas with low correlation. For the SIR controlled test scenario, the difference is larger. This is believed to be due to the fact that different noise injection schemes are used for the two setups. For the standalone reverberation chamber the noise is injected on a separate antenna. For the reverberation chamber and channel emulator setup, the noise is injected into the chamber using the same antennas as the signals.

· Comparison to the isotropic long delay spread high correlation channel model for the UE noise-limited scenario. The ranking between the reference devices shift when comparing the results from the isotropic channel models based on NIST and the isotropic long delay spread high correlation channel model. The same conclusion is valid when comparing the isotropic short delay spread low correlation channel model and the isotropic long delay spread high correlation channel model. One possible explanation for this result is that the inherently high correlation of the channel model amplifies the difference in throughput performance due to small differences in UE antenna correlation. This would also mask the performance differences due to UE antenna efficiency. Another possible explanation is that the receiver of the handset is better at handling highly correlated channels and/or longer delay spreads.

· Good repeatability. The repeatability of the measurements for both the UE noise-limited scenario and the SIR controlled scenario for the standalone reverberation chamber, as well as for the reverberation chamber and channel emulator setup, is within +/-0.5 dB.
6. Conclusions

This contribution provides initial results from the CTIA MOSG IL/IT test campaign from measurements in the Bluetest lab of two MOSG reference devices. Results from measurements using a standalone reverberation chamber, as well as a reverberation chamber combined with a channel emulator, have been presented for the R.35 test scenario. The standalone reverberation chamber is configured to emulate the isotropic channel model based on NIST and the reverberation chamber and channel emulator setup is configured to emulate the isotropic short delay spread low correlation and long delay spread high correlation channel models. Due to time limitations, no results were provided for R.11. For the same reason, no channel model verification results have been presented for the specific LTE bands utilized by the reference devices in this study. However, channel model verification results were provided for the same setups in [3] for LTE band 13, thus no major issues are expected for other LTE bands. Future contributions will provide results from the channel model verification for the specific LTE bands in this study.

Based on the results it can be concluded that the provided reference devices have fairly similar performance. Only a maximum deviation of about 2 dB is found between the two devices when emulating various scenarios. The largest difference is found for the long delay spread high correlation channel model. It is also interesting to note that the ranking of reference devices shift comparing the isotropic channel model based on NIST or the isotropic short delay spread low correlation channel model to the isotropic long delay spread high correlation channel model for the UE noise limited scenario. For the SIR controlled tests, only the isotropic long delay spread high correlation channel model gives a performance difference.

Another interesting finding is that the isotropic channel model based on NIST and the isotropic short delay spread low correlation channel model shows a constant shift of about 1 – 2 dB for both devices for the UE noise-limited scenario. This is in line with the conclusions [3] for the CTIA reference antennas, thus indicating that the channel models provide fairly similar results.
The findings above indicate that there is a value in testing with several channel models and test scenarios to assess the full MIMO OTA performance, but also that the channel models must be significantly different in order to yield any significant differences in device performance at all. However, care must be taken so that the selected channel models are representative to real-world performance. The long delay spread high correlation channel model together with the base station antenna configuration specified in [1] produces a test scenario with very high base station antenna correlation (about 95 %). Two major base station vendors have indicated in [4] and [5] that this scenario is very unlikely in the real world. Using this channel model could thus imply that devices, which would have an acceptable performance in the real world, fail in the certification testing.

Furthermore, from the repeatability study provided in this study it can be concluded that the measurements for the standalone reverberation chamber, as well as for the reverberation chamber and channel emulator setup, is within +/-0.5 dB. This observation is in line with former conclusions, e.g. in [3], [6], [7], [8] and [9], where the same repeatability was found e.g. also between different eNodeB models, channel emulators models and chambers with significantly different sizes and stirring configurations. A high repeatability is a very important feature of a future standardized MIMO OTA test setup, in order to distinguish between devices that only have minor performance differences (e.g. as for the devices in this contribution).
In summary it can be concluded that the test scenarios outlined by CTIA MOSG in [1] successfully have been implemented utilizing a standalone reverberation chamber and a reverberation chamber combined with a channel emulator and reasonable results have been obtained. This is in line with previous conclusions, for example the conclusions in [3], where expected results were obtained for the CTIA MOSG reference antennas. The excellent repeatability observed for the reverberation chamber methodology, as well as the time effective measurement procedure and the fact that a less complex setup is utilized, further supports the feasibility of this methodology to be included in the future standard for assessment of radiated performance of MIMO devices.
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