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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, test results of the round robin tests for HSPA devices which support the receive diversity were reported by COST2100 SWG2.2 and CTIA ERP group [3]. 
Based on the HSPA round robin test results, a new work plan of the round robin test for LTE MIMO devices are proposed and the test plan is under discussion [4].  Since the LTE MIMO devices and LTE communication test were not commonly available, it has been difficult to finalize the test plan.  In this contribution, we discuss and propose the adequate test parameters and procedure for the LTE MIMO OTA testing based on our study.  In addition, the LTE MIMO OTA testing is performed utilizing MIMO OTA testing systems in the anechoic and reverberation chamber as a reference for the LTE MIMO OTA round robin test.  
2. MIMO OTA Testing Systems
With respect to the candidate MIMO OTA testing methodologies, a number of investigations have already been proposed and they are summarized in [5] and configurations of the MIMIO OTA testing systems in anechoic and reverberation chamber are illustrated as in Fig. 1 [6].  The LTE BS emulator and devices are installed for the testing system instead of HSPA BS emulator and devices.  
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Figure 1  MIMO OTA testing systems for LTE devices.
3. Test Procedure for LTE MIMO OTA Testing
In this section, the test procedure and test parameters for the LTE MIMO OTA testing are introduced and discussed.  The test procedure is composed of following three steps.


1.  Probe power calibration


2.  Channel power calibration


3.  MIMO OTA throughput test
3.1 Probe power calibration
First step of the test procedure is calibrating the power level for each probe antenna to be measured in the same power level at the DUT for the anechoic chamber methodology.  Figure 2 shows the calibration setup and Fig.3 shows the calibration procedure.  
The remarkable point of this procedure is a power calibration over different polarization.  We proposed to use the omnidirectional antennas such as a sleeve antenna for the V-plane, and a slot antenna for the H-plane.  Considering the antenna gain of these antennas, received power at the reference antennas over different probes and different polarization can be calibrated.  
Note that this process is not necessary for the reverberation chamber methodology.
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Figure 2  Testing system setup for probe power calibration.
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Figure 3  Probe power calibration procedure over probe antennas.
3.2 Channel power calibration
Second step is channel power calibration for all testing spatial channel models.  Figure 4 shows the calibration setup and Fig.5 shows the calibration procedure for the channel power calibration.
The remarkable point of this procedure is a channel power calibration over anechoic and reverberation chamber.  We propose to set the same channel power over the V-plane and H-plane for the anechoic chamber and V+H plane in the reverberation chamber.  Thus the total channel power of V+H plane in the anechoic chamber is 3 dB higher than that in the reverberation chamber.
Note that the received signal at the reference antenna is faded signal, therefore, averaging is necessary for the received power measurement, and omnidirectional antennas are necessary for the anechoic chamber. 
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Figure 4  Test system setup for channel power calibration.
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Figure 5  Channel power calibration procedure over spatial channel models.
3.3.  MIMO OTA throughput test
As a figure of merit of the LTE MIMO OTA testing, layer-1 fixed reference channel throughput based on the existing test specification for the conducted performance [7].  Configurable major setting parameters of LTE BS emulators which impact on the LTE throughput are listed in table 1.  They are all the parameters which should be defined for the LTE MIMO OTA round robin test, therefore we considered adequate parameters.

Table 1.  Test parameters for the LTE BS emulator
	Modulation and Coding Scheme (MCS)
	1 (QPSK) – 28 (64QAM)

	Antenna configuration
	Open loop or Closed loop

	Transport block size
	1 -


The MCS index impact on the peak data rate of the LTE throughput.  Figure 6 shows the throughput performance corresponding to the MCS index with different received power for conducted testing with a channel model of the EPA.  As shown in Fig.6, we can find the larger difference over the received power while the number of the MSC index is larger.  Therefore, we can conclude that the large number of the MCS index is suitable for the MIMO OTA testing.  On the other hand, large number of the MCS index, such as close to 28, cause OTA throughput degradation in a certain case.  Considering both aspects, we propose to use the MCS index of 25 for the MIMO OTA round robin test.

The next setting parameter is the antenna configuration for the 2x2 MIMO testing, such as the open loop or the closed loop.  Figure 7 shows the throughput performance with the open loop and the closed loop corresponding to the received power.  As shown in Fig. 7, we can confirm that the same throughput performance with the different antenna configuration setting.  Therefore we can conclude that both antenna configuration parameters can be employed for the MIMO OTA testing.

The last setting parameter is the transport block size related to the testing time and repeatability.  Figure 8 shows the conducted throughput performance corresponding to the number of transport block size.  As shown in Fig. 8, the stable throughput can be achieved when the transport block size is over 10,000.  In order to achieve the good repeatability and the adequate testing time, we propose to use the transport block size of 20,000 blocks. 

Our proposed setting parameters for the LTE BS emulator are summarized in Table 2, and Fig. 9 shows the testing procedure for the MIMO OTA testing.  
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Figure 6  Conducted throughput performance corresponding to the MCS index.

[image: image7.emf]0

20

40

60

80

-90 -80 -70 -60 -50

Received Power [dBm]

Throughput [Mbps]

Open Loop Closed Loop


Figure 7  Conducted throughput performance with open loop and closed loop configurations.
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Figure 8  Conducted throughput performance corresponding to the transport block size.
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Figure 9  LTE MIMO OTA throughput corresponding to channel power.
Table 2.  Proposed setting parameters for the LTE MIMO OTA round robin test
	Modulation and Coding Scheme (MCS)
	25

	Antenna configuration
	Open loop

	Transport block size
	20,000 at each angle


4. LTE MIMO OTA Testing
LTE MIMO OTA testing is performed with the test procedure as described in chapter 3 and table 3 shows the test parameters for the LTE MIMO OTA testing.  Figure 10 shows the averaged LTE MIMO OTA throughput over the azimuth angle corresponding to channel power with different spatial channel models.  As a commonly observed feature, we find that the throughput is decreased according to the decrease in the channel power.  We can also find that LTE MIMO OTA test result doesn’t largely depend on the spatial channel model since we have obtained equivalent results from five spatial channel models. This means that we can adequately evaluate the overall MIMO performance for LTE devices.  Based on the testing results, we can adequately evaluate the overall MIMO performance for LTE devices utilizing the proposed test parameters and procedure.
Table 3.  Test parameters for the LTE MIMO OTA testing
	DUT
	LTE devices (Category 3)

	Figure of merit
	Layer-1 throughput (FRC)

	Channel power

(Signal level at DUT)
	-80 to -60 dBm

	LTE BTS Simulator parameters

	Channel bandwidth
	10 MHz

	Modulation and Coding Scheme (MCS)
	25 (64QAM)

	Number of RB
	50

	Antenna configuration
	Open loop

	Number of HARQ Processes
	4

	Transport block size
	20,000 at each angle

	MIMO OTA Testing parameters

	Spatial channel models
	3D uniform with exponential decay

Single cluster with EPA (AS 35deg)

Single cluster with Umi (AS 35deg)

SCME Umi

SCME Uma

	Number of probe antennas
	8 (Dual polarized)

	Fd
	3 Hz
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Figure 10  LTE MIMO OTA throughput corresponding to channel power with different spatial channel models.
5. Conclusion
In this contribution, we discussed and proposed the adequate test parameters and procedure for the LTE MIMO OTA testing based on our study.  In addition, the LTE MIMO OTA testing was performed utilizing MIMO OTA testing systems in the anechoic and reverberation chamber as a reference for the LTE MIMO OTA round robin test.  Based on the testing results, we clarified that we can adequately evaluate the overall MIMO performance for LTE devices utilizing the proposed test parameters and procedure.  Therefore, we propose to use the setting parameters for LTE BS emulators and test procedure for the LTE MIMO OTA round robin test for the smooth starting.
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