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1. Introduction
A work item of the MIMO OTA testing for multi-antennas mounted on UE/MS was agreed in RAN 63 meeting [1].  One of the main purpose of the work item is to finalize 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 achieve the purpose of the work item, number of testing methodologies has already been proposed and they are summarized in [3].  On the other hands, it is required that single criteria for the MIMO OTA testing shall be defined over different testing methodologies.

In this contribution, we compare the MIMO OTA testing parameters for the anechoic (AC) and reverberation chamber (RC) based methodologies and analyze the impact for the MIMO OTA throughput due to the different testing parameters with three DUTs.
2. Test conditions and calibration procedure for AC and RC
With respect to the prospective MIMO OTA testing methodologies, a number of investigations have already been proposed and they are summarized in [3]. Meanwhile, we have developed MIMO OTA testing systems, the MIMO OTA testing system in an anechoic chamber and that in reverberation chamber as shown in Table 1 [4]. We can directly compare the test results obtained form these testing methodologies using the same DUTs under the same testing conditions.

The test parameters and conditions are listed in Table 1.  The channel models specified for the LTE MIMO OTA testing is employed for our testing, such as the multiple and single cluster model with SCME Umi and Uma in the anechoic chamber testing, and the 3D uniform distribution with exponential decay (total delay spread of 90 nsec) in the reverberation chamber testing, respectively [3]. 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 eNodeB emulator is configured according to Table B.2.4.1-2 of [3].  In this testing, the modulation of 64 QAM and Number of subframes of 20,000 at each angle are employed.  We employed four different types of DUTs which have a good, nominal, and bad antenna performance. The MIMO OTA testing was performed in free space, and DUTs are located on a tern table tilted at 45 degrees.

In table 2, two different calibration procedures for AC are described as in [5].  One option is to focus on the total power of V and H polarization, and the other option is to consider the SISO OTA testing and RC testing.  In this testing, option 2 is applied to follow the procedure specified in [3].
Table 1  MIMO OTA testing parameters and test conditions
	
	Reverberation chamber
	Anechoic Chamber

	
	
[image: image1]
	
[image: image2]

	Spatial channel models
	3D uniform with exponential decay (TDL:90ns)
	Umi and Uma
(Single (AS 70deg) and Multiple Cluster)

	BS correlation
	Uncorrelated
	Uncorrelated/
Correlated

	XPR
	0 dB
	0/9 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 (3 devices)

UE A : Good
UE B : Nominal

UE C : Bad

	eNodeB emulator parameters

	Model
	Anritsu MT8820C

	Frequency band
	Band 1 (2GHz)

	Channel bandwidth
	10 MHz (Band 1)

	Channel power

(Signal level at DUT)
	-80 to -50 dBm

(EPRE : -107.8 to 77.8 dBm/15kHz)

	Modulation and Coding Scheme (MCS)
	25 (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


Table 2 Calibration procedure for MIMO OTA testing with AC and RC
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3. Test results
3.1 SCME Umi
Table 3 shows the testing condition and setting channel power for AC and RC for each Umi channel models.  In this testing XPR and BS antenna pattern is changed to study the effect for MIMO OTA throughput.  As shown in this table, the difference for channel power between V and H polarization is around 0dB for all Umi channel models, except Umi with XPR = 0dB and BS Antenna pattern is OFF. 

Figure 1 show the testing results of MIMO OTA throughput with Umi channel models.  As shown in Fig 1, we can see good agreement over different Umi channel models with AC and RC.  The maximum difference is 3dB which is within the agreed test uncertainty of +/- 2.3dB.
Table 3  Testing condition and setting channel power for AC and RC with Umi
	
	Anechoic Chamber

(BS Antenna Pattern)
	Reverberation Chamber

	
	ON
	OFF
	

	XPR
	0dB
	V : 50 dBm

H : -50 dBm

Total : -47 dBm
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	V : -50 dBm

H : -50 dBm

Total : -47 dBm
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	V : N/A
H : N/A
Total : -50 dBm
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	9dB
	V : -49 dBm

H : -51 dBm

Total : -47 dBm
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	V : -48 dBm

H : -57 dBm

Total : -47 dBm
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	Single Cluster

AS 70 deg.

XRP : 0dB
	V : -50 dBm

H : -50 dBm

Total : -47 dBm
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Figure 1  MIMO OTA throughput with Umi channel mode applying different XPR and BS antenna pattern.
3.2 SCME Uma
Table 4 shows the testing condition and setting channel power for AC and RC for each Uma channel models.  As shown in this table, the difference for channel power between V and H polarization is depends on the XPR and BS antenna pattern settings. 

Figure 2 show the testing results of MIMO OTA throughput with Uma channel models.  As shown in Fig 2, we can see good agreement over different Uma channel models with AC.  The maximum difference is 2.5dB which is within the agreed test uncertainty of +/- 2.3dB.

Comparing AC and RC test results, we see remarkable difference for the MIMO OTA throughput.  On the other hands the difference is constant, such as 3 – 3.5 dB for three DUTs.  In order to analyse the factor of the difference, conducted testing utilising the original SCME Uma channel model revised for conducted testing and SCME Uma without OTA parameters applied just the power delay profile (PDP) is performed.  Figure 3 shows the conducted testing result and we can find that there are 2dB difference between the channel models.  Therefore we can assume that the difference comes form the setting parameter for channel models, and it’s not directly related to the OTA testing factures.  
Table 4  Testing condition and setting channel power for AC and RC with Uma
	
	Anechoic Chamber

(Antenna Pattern)
	Reverberation Chamber

	
	ON
	OFF
	

	XPR
	0dB
	V : -50 dBm

H : -50 dBm

Total : -47 dBm
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	V : -50 dBm

H : -50 dBm

Total : -47 dBm
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	V : N/A
H : N/A
Total : -50 dBm
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	9dB
	V : -48 dBm

H : -54 dBm

Total : -47 dBm
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	V : -48 dBm

H : -57 dBm

Total : -47 dBm
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	Single Cluster

AS 70 deg.

XRP : 0dB
	V : -50 dBm

H : -50 dBm

Total : -47 dBm
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Figure 2  MIMO OTA throughput with Uma channel mode applying different XPR and BS antenna pattern.
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Figure 3  Conducted throughput with Uma channel model.
3.3 Summary
Table 5 summarise the throughput difference for three DUTs with different channel models.  The difference between DUT A and B, and DUT B and C are around 2 – 3.5 dB, so that the difference over the channel models is within 1.5 dB, which is within the agreed test uncertainty of +/- 2.3dB.  Thus we can conclude that the two prospective MIMO OTA methodologies based on an anechoic chamber and a reverberation chamber can co-exist with defining single criteria for the MIMO OTA solutions.

Table 5  Summary for throughput difference for three DUTs with different channel models.
	
	Difference between DUTs

(@ 40Mbps)

	
	DUT A-B
	DUT B-C

	RC
	3dB
	3dB

	Umi

(Original)
	2dB
	3.5dB

	Umi

(Single Cluster)
	3dB
	3dB

	Uma

(Original)
	2dB
	3dB

	Uma

(Single Cluster)
	3.5dB
	2dB


4. Conclusion
In this contribution, we compared the MIMO OTA testing parameters for the anechoic and reverberation chamber based methodologies with different channel models.  Based on the MIMO OTA testing results, we can find that there are small difference over the channel models with changing XPR and BS antenna pattern for Umi and Uma.  And also we can find that throughput results with AC Umi and RC show good agreement and the difference between AC Uma and RC is constant due to the channel model configuration, but not OTA parameters.  Furthermore, the throughput difference between DUT A and B, and DUT B and C are around 2 – 3.5 dB so that the different over the different channel models is within 1.5 dB, which is within the agreed test uncertainty of +/- 2.3dB.  Thus we can conclude that the two prospective MIMO OTA methodologies based on an anechoic chamber and a reverberation chamber can co-exist with defining single criteria for the MIMO OTA solutions.
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