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1. Introduction
A work item of the Radiated requirements for the verification of multi-antenna reception performance of UEs was agreed in RAN 66 meeting [1]. One of the main purposes of the work item is to define the specification of MIMO OTA testing.

In this contribution, we present comparison test result of LTE band 1 between an anechoic chamber and a reverberation chamber for the MIMO OTA testing using 6 DUTs of LTE devices. The difference is less than 1.5 dB between an anechoic chamber and a reverberation chamber, which can be regarded as very low delta considering the test uncertainty.
2. MIMO OTA Methodologies and Testing Conditions
In the previous WI, 4-methodologies are validated, which are anechoic chamber, reverberation chamber, reverberation chamber and channel emulator, and 2-stage method. DOCOMO has developed MIMO OTA testing systems, the MIMO OTA testing system in an anechoic chamber and that in reverberation chamber as shown in Table 1. We can directly compare the test results obtained form these testing methodologies using the same DUTs under the same testing conditions. In this contribution, the results of comparison are provided with 6 DUTs.
The channel models specified for the LTE MIMO OTA testing is employed for our testing, such as the single cluster model with Urban Micro (UMi) in the anechoic chamber testing, and the 3D uniform distribution with exponential decay (total delay spread of 80 nsec) in the reverberation chamber testing, respectively [2]. 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 and the setting parameters align with [2]. In this testing, the modulation of 64 QAM and Number of subframes of 20,000 at each angle are employed.  
We employed 6-smartphones for the testing. The MIMO OTA testing was performed in free space, and smartphones are located on a tern table tilted at 45 degrees.
Table 1  MIMO OTA testing methodologies and LTE MIMO OTA testing parameters

	
	Reverberation chamber
	Anechoic Chamber
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	Spatial channel models
	3D uniform with exponential decay (TDL:80ns)
	UMi (AS 70deg)

	BS correlation
	Uncorrelated
	Uncorrelated

	XPR
	0 dB
	9 dB

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

	Mobile speed
	N/A
	3 km/h

	DUT information

	DUT type

(Number of DUT samples)
	Smartphone (6 devices)

	eNodeB emulator parameters

	Model
	Anritsu MT8820C

	Frequency band
	Band 1 (2GHz)

	Channel bandwidth
	10 MHz (Band 1)

	Channel power

(Signal level at DUT)
	-85 to -55 dBm

(EPRE : -112.8 to -82.8 dBm/15kHz)

	Modulation and Coding Scheme (MCS)
	20 (64QAM)

	Number of RB
	50

	Antenna configuration
	2(2 (open loop spatial multiplexing)

	Figure of merit
	Layer-1 throughput (FRC)

	Number of subframes
	20,000 at each angle


3. MIMO OTA Test Results
The test results presented in this section have been performed by NTT DOCOMO Labs.  Figure 1 shows the definition of throughput difference between the MIMO OTA testing methodologies.  We can expect the same curve of the throughput for a certain DUT although it is tested in different testing systems with different testing methodologies. 
Figure 2 shows the comparison of LTE MIMO OTA throughput for band 1 in reverberation chamber (RC) and anechoic chamber (AC). Red line means threshold of 90% throughput. The results of sample A and C have a difference between reverberation chamber and anechoic chamber, which is about 1.5 dB. Other samples are under 1 dB difference between reverberation chamber and anechoic chamber. We can find that the two MIMO OTA methodologies have a good agreement in the throughput curves.

Figure 3 and 4 show the summary of each methodology for the MIMO OTA throughput. In reverberation chamber as shown in Fig.3, the range of received power which is meet the threshold of 90%-throughput is between -65.5 dBm and -72.0 dBm (EPRE: -93.3 dBm to -99.8 dBm), and in anechoic chamber as shown in Fig.4, that is between -65.0 dBm and -70.5 dBm  (EPRE: -92.8 dBm to -98.3 dBm), respectively.
According to the testing results, we can say that the LTE MIMO OTA test result doesn’t depend on the MIMO OTA methodologies as long as the testing conditions are appropriately applied. Considering the test uncertainty, it is obvious that the two prospective MIMO OTA testing based on anechoic chamber methodology and reverberation chamber methodology can co-exist as the final MIMO OTA solutions.
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Figure 1  Definition of throughput difference over the MIMO OTA testing methodologies.
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Figure 2  Test results of LTE MIMO OTA throughput corresponding to channel power.


[image: image7]
Figure 3  Summary of the MIMO OTA throughput measured in Reverberation chamber
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Figure 4  Summary of the MIMO OTA throughput measured in Anechoic chamber

4. Conclusion
In this contribution, we presented the comparison of the test results between an anechoic chamber and a reverberation chamber for the MIMO OTA testing using 6 smartphone. Based on the testing results, we confirmed that the two MIMO OTA methodologies have a good agreement in the throughput curves as long as the testing conditions are appropriately applied. The difference between reverberation chamber and anechoic chamber is less than 1.5 dB at throughput of 90%. Considering the test uncertainty, it is comprisable level. We will provide the investigation of test uncertainty stemmed from the test condition of measurement in the near future. 

It can be concluded that the two MIMO OTA methodologies based on an anechoic chamber and a reverberation chamber can co-exist as the final MIMO OTA solutions. And it is sufficient to define the 90% throughput as a threshold of requirement. 
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