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1. Introduction
An important characteristic of a future standardized MIMO OTA test setup is to provide repeatable results. The results obtained for a specific test condition should be reproducible (within specified uncertainty), regardless of the equipment (vendor, model etc.) used in the setup.

Many of the proposed MIMO OTA methodologies utilize a channel emulator in the setup. Due to the complex combination of eNodeB, channel emulator and OTA test system it is expected that the uncertainties will be higher than for traditional OTA measurements. This makes it very important to carefully study the repeatability of MIMO test systems, in order to verify that reasonable alignment can be achieved for the same test conditions.
This contribution provides a repeatability study of LTE MIMO throughput measurements for the test scenarios employing the isotropic channel model based on UMa B. Results from radiated MIMO throughput measurements obtained with different sets of equipment are compared. Also, the conducted reference channel for the isotropic channel model based on UMa has been implemented with different channel emulators and the conducted results obtained when using the different setups are compared.
2. Device Under Test
The band 13 CTIA reference antennas have been used for the measurements in this study and an HTC handset was used as the reference device. This set of units has not been provided by CTIA, but is a lab specific set.
A picture of the reference antenna positioning in the reverberation chamber can be studied in Figure 1.
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Figure 1   Picture of the reference antenna positioning inside the reverberation chamber.

3. Measurement Setup and Procedure
The CTIA MOSG IL/IT test plan, revision 11 [1], has been utilized for the measurements in this study, thus employing the approach and settings specified in that revision. This section summarizes the setup used and describes implementation specific details. A summary of identification data for the equipment utilized can be found in Table I.
3.1 Radiated Measurement Setup

The radiated measurements presented in this contribution have been performed with a Bluetest reverberation chamber combined with channel emulators from two different vendors, Spirent and Anite. The test setups were configured to emulate the isotropic channel model based on UMa B. In addition, eNodeBs from two different vendors (R&S and Anritsu) were used.
Three different test setups were utilized:

· Bluetest RTS60 – Spirent VR5 – R&S CMW500

· Bluetest RTS60 – Spirent VR5 – Anritsu MT8820C
· Bluetest RTS60 – Anite Propsim FS8 – Anritsu MT8820C
The schematics of the measurement setup can be studied in Figure 2 and the details of the test setups are given in Table I. The reverberation chamber was configured with four transmitting antennas.
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Figure 2   Schematic figure of the measurement setup for the reverberation chamber combined with a channel emulator for radiated measurements.

Table I   Equipment details.
	Test Setup 1

	
	
	

	Reverberation Chamber Specifications
	
	

	
	Vendor
	Bluetest

	
	Model no.
	RTS60

	
	Size (w x d x h)
	2.0 x 1.4 x 2.0 m

	eNodeB Specifications
	
	

	
	Vendor
	R&S

	
	Model no.
	CMW500

	Channel Emulator Specifications
	
	

	
	Vendor
	Spirent

	
	Model no.
	VR5-4C08D

	Test Setup 2

	Reverberation Chamber Specifications
	
	

	
	Vendor
	Bluetest

	
	Model no.
	RTS60

	
	Size (w x d x h)
	2.0 x 1.4 x 2.0 m

	eNodeB Specifications
	
	

	
	Vendor
	Anritsu

	
	Model no.
	MT8820C

	Channel Emulator Specifications
	
	

	
	Vendor
	Spirent

	
	Model no.
	VR5-4C08D

	Test Setup 3

	Reverberation Chamber Specifications
	
	

	
	Vendor
	Bluetest

	
	Model no.
	RTS60

	
	Size (w x d x h)
	2.0 x 1.4 x 2.0 m

	eNodeB Specifications
	
	

	
	Vendor
	Anritsu

	
	Model no.
	MT8820C

	Channel Emulator Specifications
	
	

	
	Vendor
	Anite

	
	Model no.
	Propsim FS8


3.2 Conducted Reference Measurement Setup

For the absolute data throughput comparison the same approach as described in [2] has been used. The conducted reference measurement setup can be studied in Figure 3. 
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Figure 3   Setup for conducted reference measurements. The isotropic correlation of the reference antennas is programmed into the channel emulator.
3.3 eNodeB Settings

The eNodeB settings used for the measurements of the reference antennas align with the settings specified in the test plan [1]. Thus, OLSM 64-QAM (R.35 FDD) was used with a theoretical maximum throughput of 35.424 Mbps.
4. Results
This section presents the radiated results, as well as results from the conducted reference measurements, using the Good, Nominal and Bad reference antennas paired with the band 13 reference UE for the isotropic channel model based on UMa B.
4.1 Radiated Results
Figure 4 shows a comparison of the radiated results measured with the three different measurement setups detailed in Section 3.1. It is observed that the results obtained with different measurement setups align within +/- 0.5 dB, comparing the 70 % throughput level, that is, well within the CTIA TRS standard uncertainty of +/- 2.3 dB. There is a small difference in maximum throughput for the Bad antenna. The reason for this is not presently known, but one possible explanation could be DUT instabilities.   [image: image4.jpg]Throughput [kbps]
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Figure 4   Comparison of radiated results obtained by using three different measurement setups for the isotropic channel model based on UMa B.
4.2 Conducted Results
Figure 5 shows a comparison of the conducted results obtained from measurements with two different channel emulators (Test Setup 1 and Test Setup 3) when implementing the conducted reference channel for the isotropic channel model based on UMa B. The results show an alignment < +/- 0.5 dB, which is well within the CTIA standard TRS uncertainty of +/- 2.3 dB.   
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Figure 5   Comparison of results from measurements with two different channel emulators when implementing the conducted reference channel for the isotropic channel model based on UMa B.
5. Conclusions

This contribution provides a repeatability study of LTE MIMO throughput measurements when employing the isotropic channel model based on UMa. Radiated results obtained with test setups utilizing different combinations of equipment models have been compared. It is observed that all results align within +/- 0.5 dB.
From these results it can be concluded that the implementation of the isotropic channel models is equipment agnostic and that the reverberation chamber offers a repeatable MIMO OTA test setup, independent of the equipment used. This compliments the repeatability studies provided in [2], where it was concluded that the repeatability within the same reverberation chamber and between reverberation chambers with different sizes and stirring configurations is within +/- 0.5 dB. It is also in line with former conclusions, e.g. in [3], [4] and [5].
In addition to radiated results, the conducted reference measurement used for the absolute data throughput comparison for the isotropic channel models was implemented with both of the channel emulators utilized. An alignment of < +/- 0.5 dB was found when comparing the results obtained using the different channel emulators. It can thus be concluded that the absolute data throughput comparison framework for the reverberation chamber methodology is equipment agnostic.
All in all, the reverberation chamber setup has been proven to provide repeatable, equipment agnostic results. This is an important characteristic of a standardized MIMO OTA test system and thus supports the feasibility of the reverberation chamber methodology to be included in the future standard for assessment of radiated performance of MIMO devices.
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