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1. Introduction
A study item of the MIMO OTA testing for multi-antennas mounted on UE/MS was agreed in RAN 43 meeting [1].  The main purpose of the study item is to establish commonly acceptable testing methodologies in terms of complexity and cost-effectiveness in order to adequately evaluate the overall MIMO performance of mobile terminals equipped with multi-antennas for the receive diversity and MIMO transmission [2].  In order to verify the validity of the proposed MIMO OTA testing methodologies, the round robin tests for LTE devices which support MIMO function are currently performed within the 3GPP RAN WG4.

In this contribution, we present the MIMO OTA round robin test results of the Pool 2 DUT1 (Huawei E398).  We utilize three types of MIMO OTA testing methodologies as presented in [3], and compare the testing results over the different methodologies and different test laboratories.
2. Testing Conditions
With respect to the candidate MIMO OTA testing methodologies, a number of investigations have already been proposed and they are summarized in [4]. Meanwhile, we have developed three types of MIMO OTA testing systems, the simplified MIMO OTA testing system in a reverberation chamber (RC), that in an anechoic chamber, and the advanced one in an anechoic chamber as shown in Table 1 [4]. We can directly compare the test results obtained form these testing methodologies using the same DUT under the same testing conditions.

The channel models specified for the LTE MIMO OTA round robin test are employed for our testing, such as the 3D uniform distribution with exponential decay (total delay spread of 90 nsec) in the simplified MIMO OTA testing in a reverberation chamber, and the single cluster model with SCME Urban Micro (Umi) and the Extended Pedestrian A (EPA) in the simplified testing in an anechoic chamber, and the SCME Urban Macro (Uma) and Umi in the advanced testing, respectively [4]. We employed dual-polarized eight probe antennas connected to the radio channel emulator with sixteen output ports since the dual-polarized configuration is definitely indispensable to perform the MIMO OTA testing which allow us to evaluate real MIMO performance.
As an eNodeB emulator, we employed Anritsu MT8820C (22.20S#011) and the eNodeB emulator is configured according to Table B.2.4.1-2 of [4].  In this testing, the modulation of 16 QAM and number of subframes of 20,000 at each angle are employed.  
We employed Pool2 DUT1, and the photograph of the DUT is shown in Fig.1.  Its supporting frequency band is band 7 (2650 MHz), the DUT is connected into the host PC (DELL D430) according to B.2.5 of [4], and its configuration is shown in Fig.1.

Table 1  MIMO OTA testing methodologies and LTE MIMO OTA round robin testing parameters

	
	Reverberation chamber
	Anechoic Chamber Based

	
	
	Single cluster
	Ring
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[image: image2]
	
[image: image3]

	Spatial channel models
	3D uniform with exponential decay (TDL:90ns)
	EPA (AS 70deg)

Umi (AS 35deg)
	SCME Umi

SCME Uma

	Number of probe antennas
	N/A
	8 (Dual polarized)
	8 (Dual polarized)

	Mobile speed
	N/A
	3 km/h
	3 km/h

	eNodeB emulator parameters

	Model (FW)
	Anritsu MT8820C (22.20S#011)

	Frequency Band
	Band 7 (2650MHz)

	Channel bandwidth
	10 MHz

	Modulation
	16 QAM

	Antenna configuration
	2(2 (open loop spatial multiplexing)

	Figure of Merit
	FRC throughput

	Number of subframes
	20,000 at each angle
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Figure 1  Pool 2 DUT1 and its test setup.
3. MIMO OTA Test Results
The spatial channel models of the MIMO OTA testing is one of the great interest in the SI, and four channel models are specified for the MIMO OTA round robin testing utilizing the anechoic chamber methodologies.  
Therefore, as the first step, the LTE MIMO OTA testing is performed in order to compare the OTA throughput performance over different special channel models.  As the next step, our measured results are compared with the results form NOKIA [6], and Bluetset [7], in order to confirm the reliability of the measurement and study the difference over test laboratories.

3.1 Test Results over Spatial Channel Models
Figure 2 shows the LTE MIMO OTA throughput corresponding to the energy per resource element (EPRE) for five types of the spatial channel models.  The averaged throughput over the azimuth angle is plotted in the Fig.2 for the anechoic chamber testing.  As commonly observed feature, we find that the throughput is decreased according to the decrease in the EPRE.  As shown in Fig.2, we can find that the throughput results shows good agreement over the channel models, except the single cluster Umi model due to the narrow angle spread of 35 degrees.  Therefore, According to the testing results, we can say that the LTE MIMO OTA test result doesn’t largely depend on the spatial channel models, as long as the angle spread of the channel is appropriately defined.  This means that the LTE MIMO OTA performance can be evaluated regardless of the spatial channel models and testing methodologies.
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Figure 2  LTE MIMO OTA throughput corresponding to EPRE over spatial channel models (DUT1).
3.2 Test Results over Different Test Laboratories
Figure 3 shows the LTE MIMO OTA throughput corresponding to the EPRE tested in different test laboratories.  The channel model for the anechoic chamber based methodology is the Umi.  As shown in Fig.3, we can confirm that the throughput results shows good agreement for the results from NOKIA and DOCOMO utilizing the anechoic chamber based methodology, and the results from the Bluetest and DOCOMO utilizing the reverberation chamber methodology.  Therefore, we can say that these MIMO OTA testing has reasonable reliability and repeatability.
Furthermore, we can confirm good agreement over the anechoic and reverberation chamber based methodologies, as described in Section 3.1.  It indicates that the LTE MIMO OTA test result doesn’t largely depend on the spatial channel models, so that the LTE MIMO OTA performance can be evaluated regardless of the spatial channel models and testing methodologies. Therefore, it is obvious that the candidate MIMO OTA testing methodologies can co-exist as the final solutions of the MIMO OTA testing methodologies.
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Figure 3  LTE MIMO OTA throughput corresponding to EPRE over test laboratories (DUT1).
4. Conclusion
In this contribution, we presented the LTE MIMO OTA testing results for the Pool 2 DUT1 utilizing our developed testing systems based on the three types of MIMO OTA methodologies of the simplified testing in the RC, that in the anechoic chamber, and advanced testing in the anechoic chamber.  Based on the testing results, we could fined that the throughput results shows good agreement over the spatial channel models, as long as the angle spread of the channel is appropriately defined.  Furthermore, the measured results were compared with those tested by NOKIA and Bluetest, and they showed good agreement over the different laboratories.  This means that the LTE MIMO OTA performance can be evaluated regardless of the spatial channel models and testing methodologies.  Therefore, it is obvious that the candidate MIMO OTA testing methodologies can co-exist as the final solutions of the MIMO OTA testing methodologies.
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