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1. Introduction
A phase 3 for the Inter-Lab/Inter-Technique OTA Performance Comparison Testing using real 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 phase 3 test results from EMITE-SP using their anechoic chamber boundary array Multipath Simulator (MPS) system with SCME UMi and UMa channel models, installed at Sigma Connectivity.

This contribution was made in co-operation with EMITE, a manufacturer of MIMO OTA test equipment.
2. Reference devices
The CTIA devices MOSG-RD-02-03 and MOSG-RD-04-03 have been used in all Stage 3 reported tests. These devices were a Samsung Galaxy S4 smartphone operating in LTE FDD Band 2 and a Samsung Galaxy Tab SGH-T779 Tablet operating in LTE FDD Band 4.

The Samsung S4 Band 2 smartphone was tested in Portrait mode. The Samsung Tab Band 4 tablet was tested in Landscape mode.

3. Anechoic Chamber Setups
3.1 Multipath Simulator (MPS) Setups

CTIA Test Plan revision R4 was employed in Stage 3 measurements [1]. The MultiPath Simulator (MPS) by EMITE-SP installed at Sigma Connectivity and in use by Sony Mobile was employed for the measurements [2].

The MPS MIMO OTA test system consisted of an EMITE-SP 8VH boundary array with eight active dual polarized antennas at a radius of 1.4 meters driven by the Multipath Simulator feed network subsystem for 16 total output ports used to generate the applied channel model and resulting signal levels within the test volume. Two power amplifiers were used to amplify the outputs of the eNodeB and produce the required signal levels within the test volume. The reported measurements were remote controlled by an EMITE-SP Graphic User Interface driving MPS and an Anritsu MT8820C eNodeB tester. A separate path was used to provide the uplink from the DUT.

The Multi-cluster setup consists of an antenna array encircling the test object at a distance of 1.4m. Broadband printed antennas are used in the array. The antennas are built in pairs, one vertical and one horizontal, for each one of the eight probes. A feed network distributes the signals over the array, and applies varying phase shifts at the array antennas. Attenuators are used to balance the powers of the polarizations and electrically steerable phase shifters are used to realize the Doppler shifts. Doppler shifts corresponding to simulated mobile velocities in the range 1-110 km/h can be achieved. Amplifiers are needed to boost up the signal and adjust it to the desired received power level at the DUT. The desired power delay profiles are realized by means of variable delay lines, together with attenuators between phase shifters and antennas. Through the location and orientation of the array antennas around the test object the EMITE-SP multipath simulator (MPS) realizes a certain non-uniform weighting function over angles and polarization. Varying phase shifts over the array, which corresponds to Doppler shifts, renders the multipath simulator a physical realization of the desired channel model. The system is independent of signal modulation since all signal processing is done at the carrier frequency by amplifiers, attenuators and phase shifters. EMITE-SP MPS can be used together with a vector network analyzer (VNA) for antenna measurements or with a wireless terminal and an eNodeB emulator for active MIMO OTA measurements. The EMITE-SP MPS system allows for either one-port measurements or two-port MIMO OTA measurements.
A block diagram of the EMITE-SP MPS test setup is illustrated in Figure 1. Figure 2 depicts the specific boundary antenna array setup for emulation of SCME UMi and UMa. Table 1 lists the equipment units needed to run the MIMO OTA measurements with MPS.
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Figure 1. EMITE-SP MPS block diagram.
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Figure 2. EMITE-SP MPS boundary array setup for SCME UMi.(left) and SCME UMa (right).

Table 1. Test Equipment List

	Equipment
	Manufacturer
	Model

	MIMO

Boundary Array System
	EMITE-SP
	8VH

	MPS system
	EMITE-SP
	MPS3000

	eNodeB
	Anritsu
	MT8820C

	Amplifiers
	Minicircuits
	ZX60-33LN-S+


3.2 Channel Models

All channel models used were created to match the definition specified in the test plan. The spatial channel model configurations of MPS were created and distributed by EMITE-SP to Sony Mobile to provide a level of traceability for the channel models. A channel model validation is described in Section 5 of this document.

3.3 Base Station Emulator (BSE) Settings

The Base Station Emulator (BSE) settings used for the measurements were those specified in the test plan [1]. This means transmission mode 3 (Open-Loop spatial multiplexing) with the 64QAM modulation scheme, corresponding to R.35 RMC. An Anritsu MT8820C Base Station Emulator was used for the tests. A maximum theoretical throughput of 35424 kbps was identified by the BSE and achieved in all measurements for high received signal powers.
4. Results
Due to insufficient time for testing, only over-the-air (OTA) UE-noise transmission mode 3 tests are presented. Results are reported from 100% down to 70% throughput as per CTIA test plan test requirements [1].
A picture of the test setup for the tablet device is shown below.

[image: image3.png]



Figure 3. Test setup for EMITE-SP MPS boundary array system.
4.1 Radiated Results

The radiated test results for the Band 2 and Band 4 devices with the anechoic chamber MPS system for SCME UMi and UMa are illustrated in figures 4 to 6. In all tests, a 100% maximum throughput was achieved. Figure 4 depicts the test results for the SCME UMi channel model. Figure 5 depicts the test results for the SCME UMa channel model. Figure 6 illustrates a comparison of SCME UMi and UMa test results for all devices.
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Figure 4. EMITE-SP MPS test results for TM3 and regular throughput averaging using the SCME UMi channel model.
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Figure 5. EMITE-SP MPS test results for TM3 and regular throughput averaging using the SCME UMa channel model.

[image: image6.emf]RS_EPRE (dBm/15kHz)

70.0

72.0

74.0

76.0

78.0

80.0

82.0

84.0

86.0

88.0

90.0

92.0

94.0

96.0

98.0

100.0

-108.80 -103.80 -98.80 -93.80 -88.80

EMITE-SP Samsung S4 MPS UMA

EMITE-SP Samsung Tab MPS UMA

EMITE-SP Samsung S4 MPS UMI

EMITE-SP Samsung Tab MPS UMI

Throughput (%)


Figure 6. EMITE-SP MPS test results for TM3 and regular throughput averaging using the SCME UMa and UMi channel models.

It can be observed that the S4 outperforms the Tab device by a small value (less than 1 dB) for SCME UMi, while this ranking is reversed when SCME UMa is employed, also by a small amount (less than 1 dB). This means that MIMO performance ranking may be different for different channel models when employing real devices, as foreseen in [3].
The MTS (downlink power at 70% of maximum throughput) for the EMITE-SP MPS data is summarized in Table 2 below. A comparison STD study to other presented IL/IT test data for AC boundary of antennas [4] was made. Results yielded that between ETS Lindgren AC test results and EMITE-SP MPS test results there is a standard deviation of 1.45 dB and 2.25 dB for SCME UMi and UMa, respectively. These deviations conform to the 3GPP-agreed consistency limits for IL/IT test data with anechoic chamber boundary of antennas labs.
Table 2. EMITE-SP MPS MTS data (dBm/15 kHz)
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5. Channel Models Validation
This section is presented to provide results on the verification of the channel models implementations in the anechoic chamber based OTA setup of the EMITE-SP MPS MIMO OTA test system. Power Delay Profiles, Cross Polarization Ratio (XPR) and Temporal and Spatial Correlation have been measured for both the SCME UMi and UMa emulated channel models. The measurements have been performed at 2655MHz, the center frequency of LTE Band 7.
5.1 Power Delay Profile (PDP)

Figures 7 and 8 show the PDP measured at the EMITE-SP MPS for SCME UMi and UMa, respectively.

[image: image8.emf]
Figure 7. SCME UMi PDP measured for the EMITE-SP MPS system.
[image: image9.emf]
Figure 8. SCME UMa PDP measured for the EMITE-SP MPS system.
5.2 Doppler Spread

The Doppler spread of the channel models have been measured and results are reproduced in figure 9 and 10.

[image: image10.emf]
Figure 9. SCME UMi Doppler Spread  measured for the EMITE-SP MPS system.
[image: image11.emf]
Figure 10. SCME UMa Doppler Spread measured for the EMITE-SP MPS system.
5.3 Cross Polarization Ratio (XPR)

The Cross Polarization Ratio was measured for each component V, and H of the received power. Table 3 shows the measured XPR for each channel model measured at the EMITE-SP MPS system.
Table 3. Measured XPR Comparison

	
	EMITE-SP MPS - XPR [dB]

	SCME UMi
	1.9

	SCME UMa
	9.0


6. Conclusions

Results obtained with the EMITE-SP anechoic chamber MPS MIMO OTA test system using both SCME UMi and UMa channel models clearly show the method’s ability to distinguish different MIMO devices’ performances with results conforming to current consistency IL/IT test requirements within anechoic chamber-based test lab results.
LTE Transmission mode 3 (TM3) seems to be a good choice for evaluating MIMO OTA performance differences between devices.

It was foreseen in previous contributions that performance ranking between MIMO devices may change with different channel models. This has been confirmed in the tests performed for this contribution, as well as in results reported by other AC and RC labs. It has been found that the performance ranking between S4 and Tab devices is swapped for UMi and UMa channel models. This is in line to other AC and RC test results. Despite the demanding delay profile of SCME UMa could not be commonplace in real situations and consequently the findings cannot be generalized to realistic reproductions in the field, this finding, however, calls for MIMO OTA testing to be performed over different channel models for an overall performance assessment. Balancing the additional cost and test time of this suggestion has to be accounted for in a recommendation for a final MIMO OTA test plan with diverse methodologies fulfilling the set ABCD criteria and harmonizing in the same decision of what is a “good” or “bad” device from the radiated receiver performance perspective. Dividing MIMO OTA compliance testing into compulsory tests (simplified in a single channel model with a medium-cost methodology) and optional more advanced tests (in more channel models with an increase in cost and test time) should be seriously considered by 3GPP as a balanced decision.
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