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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]. The way forward is agreed in RAN4#74, which is mentioned that harmonization among methodologies is focused on at first. Testing condition for harmonization needs to be defined. 
In this contribution, we evaluate an uncertainty of MIMO OTA testing stem from rotation number of DUT in anechoic chamber. It is measured at the rotation number of 4, 6, 8, and 12. The results show fluctuation is less than 0.5 dB. It can be concluded that all results are validated at least more than 4-rotation. 
2. Testing Conditions
In this contribution, 1-UEs are measured in anechoic chamber (AC), which used commercial products. Measurement condition is shown in Fig. 1. This measurement is done at two positioning, landscape and as shown in Fig. 1. It is measured in 4-type of rotation number, 4 (90 degree step), 6 (60 degree step), 8 (45 degree step), 12 (30 degree step). The channel model specified for the LTE MIMO OTA testing is employed for our testing, such as full SCME Urban Micro (UMi) in the anechoic chamber testing [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.
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. 
Table 1  MIMO OTA testing methodologies and LTE MIMO OTA testing parameters

	
	Anechoic Chamber

	
	
[image: image1]

	Spatial channel models
	UMi (AS 35deg)

	XPR
	9 dB

	Number of probe antennas
	8 (Dual polarized)

	Mobile speed
	30 km/h

	DUT information

	DUT type

(Number of DUT samples)
	Smartphone (2 devices)

	eNodeB emulator parameters

	Model
	Anritsu MT8820C

	Frequency band
	Band 1 (2GHz)

	Channel bandwidth
	10 MHz

	Channel power

(Signal level at DUT)
	-72 to -64 dBm

(EPRE : -99.8 to -91.8 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
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Fig. 1 UE positioning

3. MIMO OTA Test Results
The test results presented in this section have been performed by NTT DOCOMO Labs.  Figure 2 shows the definition of throughput difference between the UE positions. 
As mentioned above, we evaluated MIMO OTA testing with changing the rotation number. Two type of evaluation is provided in this contribution. 
First investigation is to change only sampling angle. It means that measurement of 30 degree is done at first as shown in Fig. 3. Then, each data are averaged by the results of 20,000 subframes. The rotation angle of 60 degree results are calculated with using 6-data (0 degree, 60 degree, 120 degree, 180 degree, 240 degree, and 300 degree), 90 degree uses 4-data as shown in Fig 3. The results of 30 degree use data at all angles. Figure 4 shows the comparison results of each rotation angles. The difference is less than 0.3 dB in the both landscape and portrait position.
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Figure 2  Definition of throughput difference over the MIMO OTA testing methodologies.
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Figure 3  Example of MIMO OTA throughput results at each angle. 
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(a) Results of landscape
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(b) Results of portrait
Figure 4  LTE MIMO throughput each sampling angles
 Above results of 60 degree-rotation and 90 degree-rotation start to sample at 0 degree as shown in Fig. 3. Figure 5 shows the comparison which is changed starting angle of sampling for 60 degree and 90 degree. The results, “Start from 0 degree” is the same as the results of Fig. 4. The 60 degree-rotation results of “Start from 30 degree” is to be sampled at 30, 90, 150, 210, 270, and 330 degree. There is less difference by changing the starting angle.
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(a) Results of land scape                                            (b)Results of portrait

Figure 4  LTE MIMO throughput each sampling angles
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(c) Results of portrait

Figure 4  LTE MIMO throughput each sampling angles

Next is to measure each data set. 4-measurements are done in this result whereas the previous results are used only one data set. It means that random uncertainty is included in this result. Figure 5 shows the measurement results. Rotation angle of 45 degree is also added in this evaluation. The difference is less than 1 dB in the position of portrait, and less than 0.5 dB in that of land scape, respectively. Random uncertainty of the measurement system is about 0.5 dB [3]. Considering the random uncertainty, it can be said that the uncertainty by rotation number is less than 0.5 dB.
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(a) Results of landscape
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(b) Results of portrait

Figure 4  LTE MIMO throughput

4. Conclusion
In this contribution, we presented the test results in AC to confirm the fluctuation by the number of rotation. The amount of fluctuation is less than 0.5 dB. 
It is important to reduce measurement time considering limited time for harmonization. It can be concluded that all data set of each angles are validated from the results.
Proposals of AC condition for harmonization are as follows.

Proposal 1
The MIMO OTA results are effective in the rotation number of more than 4.
Proposal 2

Uncertainty of rotation number should be estimated at least 0.5 dB.
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