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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 a commonly acceptable testing methodology in terms of complexity and cost in order to adequately evaluate the MIMO antenna performance of multi-antennas employed for the receive diversity or MIMO transmission [2].  In this contribution, we discuss the results of the measurement campaign which was conducted to experimentally compare the difference between the candidate methodologies of the simplified MIMO OTA testing system in the reverberation chamber,  that in the anechoic chamber, and the spatial fading emulator (SFE). We also present our views on the requirements for the MIMO OTA testing based on the measurement results.
2. Candidate methodologies for MIMO OTA Testing
With respect to the MIMO OTA testing methodologies, a number of investigations have already been reported and proposed as candidate testing systems based on the simulation and measurement [3]-[6]. As described in [2], it is considered that the MIMO OTA testing can be classified into two groups based on their concepts and targets. Therefore, we have developed three different types of MIMO OTA testing systems as shown in Table. 1. 
Table 1.  Three different types of MIMO OTA testing systems as candidate methodologies.

	
	Simplified MIMO OTA testing
	Spatial fading emulator

	
	Reverberation chamber
	Anechoic chamber
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	# of probe antennas
	N/A
	4
	16

	Measurement space 2D/3D
	3D
	2D
	2D

	Support of polarization
	Yes
	Yes
	Yes

	Variable angular spread
	No
	Yes
	Yes

	Variable delay spread
	No
	Yes
	Yes

	Variable Doppler 
	No
	Yes
	Yes

	Channel models
	Rayleigh fading with 3D uniform PAS
	Single cluster PAS
	SCME TDL, etc.


[Simplified MIMO OTA testing system in reverberation chamber]
A reverberation chamber is a simple configuration comprising a metal cavity equipped with multiple stirrers, a rotating platform, and multiple wall antennas and measurements are performed while “stirring” reflected waves. In this measurement system, signals from the base station emulator arrive at the device under test (DUT) via the wall antennas in the reverberation chamber. At this time, the system activates the stirrers and the rotating platform on which the DUT rests and performs switching among the wall antennas so as to create a Rayleigh fading environment having a statistically three-dimensional uniform distribution in the vicinity of the DUT. Thus, during the time that these stirrers and other components are activated, a steady three-dimensional uniform Rayleigh fading environment is generated, and in this state, a radio link is established between the DUT and base station emulator enabling the figure of merits for the DUT to be measured in three dimensions. A reverberation chamber that can make single antenna OTA measurements defined as alternative measurement technologies in 3GPP [7] can also reproduce the angular spread of arriving waves and can therefore be applied for evaluating the MIMO antenna performance as well. Thus, the system has a potential to achieve co-existence with the existing single antenna OTA testing.
[Simplified MIMO OTA testing system in anechoic chamber]
This system is also based on a simple configuration comprising a small number of probe antennas that are located around the DUT to reproduce a power angular spectrum (PAS) of a single cluster model in an anechoic chamber. The downlink signals are divided into two paths using power dividers and they are alternately radiated via the probe antennas. The signals radiated from the probe antennas are received at DUT. This system enables us to acquire the overall MIMO antenna performance including the dependency on the angle of arrival (AoA) using a simple configuration which has a potential to achieve co-existence with the existing single antenna OTA testing system based on the roll over azimuth methodology. 
[Spatial Fading Emulator]
This system is composed of a radio channel emulator, an anechoic chamber equipped with a large number of probe antennas that have the fixed-spaced linear alignment. The downlink signals are input into a radio channel emulator and the pre-faded signals composed of a single delay tap or multiple delay taps are radiated via the probe antennas. The remarkable differences from the simplified MIMO OTA testing system in the anechoic chamber mentioned above are that the SFE requires more than sixteen probe antennas and additional radio channel emulators which have sixteen output ports as a minimum configuration to support the dual polarization. Arbitrary spatial channel models can be generated, thus this system enables us to reproduce the SCM and SCME channel models in an anechoic chamber.
3. Experimental comparison of MIMO OTA testing
As a first study to clarify the minimum requirements for the MIMO OTA testing, we have conducted an experimental comparison of the MIMO OTA testing methodologies. We investigate the dependency of MIMO OTA performance on spatial channel models based on the acquired result utilizing our developed three types of MIMO OTA testing systems. In this study, we focus on characteristics of the antenna correlation as well as the throughput employing different configurations of antennas under test (AUT) with known characteristics in order to clarify what is an essential factor for the MIMO OTA testing to differentiate MIMO antenna performance. 
In this measurement campaign, we have employed the passive mode measurement in order to analyze the antenna correlation which is one of vital elements for the MIMO antenna performance although we understand that the final MIMO OTA testing could be performed as the active mode measurement. Therefore, the received signals are divided into two paths using directional couplers. One path is consistently connected to a device under test (DUT), while the other is connected to a vector signal analyzer that we use to analyze the branch power of each receiver antenna and spatial correlation between antennas. We simultaneously measure the throughput, as an indispensable figure of merit for the MIMO OTA testing, between a base station and a DUT. Our developed MIMO OTA testing systems enable us to acquire the overall MIMO antenna performance and we focus the current investigation on the downlink performance.
3.1 Testing conditions
Testing conditions for the measurement campaign are listed in Table 2. We employed sets of commercially-available MIMO-enabled wireless LAN (W-LAN) equipment based on the IEEE 802.11n draft version and receive diversity enabled HSDPA mobile terminal of category 8.
Table 2.  Testing conditions for experimentally comparison of MIMO OTA testing.
	
	W-LAN (IEEE802.11n draft)
	HSDPA (Receive diversity, Category 8)

	AUT
	Sleeve array antennas

(Antenna spacing: 0.3, 0.5, 0.7 )

(Gain imbalance : 0, 5, 10, 15 dB for 0.5  spacing)

	Frequency
	2.45 GHz band
	2.14 GHz band

	Signal level at AUT
	-60 dBm
	-80 dBm 

	Figure of merit
	Throughput (TCP)
	Throughput (FRC)

	Transport block size
	-
	2000

	FRC parameter
	-
	H-set 6 16QAM

	Spatial channel models
	Single cluster model (AS=35, 70 deg w/ single path)
Uniform model (single path or SCM)
SCME TDL (Suburban macro, Urban macro, Urban micro)
(Arranged for W-LAN)

	Doppler frequency
	1.5 Hz
	60 Hz


As a figure of merit for the MIMO OTA testing, we employ TCP layer throughput for the W-LAN and FRC throughput for the HSDPA. The conducted testing by using a radio channel emulator is also carried out in order to obtain the reference value to verify the MIMO OTA results. In this testing, the spatial channel emulator is commonly used for the single cluster model, which can be reproduced by the simplified MIMO OTA testing system, and other spatial channel models. 

3.2 Testing results
Figure 1 shows the summary of the testing results for all the spatial channel models. As shown in Fig. 1, we can confirm that the throughput is definitely decreased according to the increased in the gain imbalance. We also find that there is no noticeable difference between the antenna spacing. This is due to an enough low correlation below 0.3 for all the cases. Moreover, we confirm that the order of merit is independent on the spatial channel models which have different characteristics in the spatial and temporal domain. 
With respect to the differences between channel models, urban macro scenario shows a lower throughput for the HSDPA. We can consider that this is resulting form a large total delay spread beyond 800 nsec. However, we note that these characteristics in the temporal domain can be evaluated based on the conducted testing [9],[10]. By comparing the result of the conducted testing with that of the OTA testing with 0 dB imbalance, we find that they are in good agreement. The testing result of the W-LAN shows almost the same tendency with that of the HSDPA.
Finally, in terms of the difference between candidate testing methodologies, we confirm that we can obtain equivalent results from the 3D uniform distribution in the reverberation chamber, the single cluster model with AS of 70 degrees in the anechoic chamber, and the uniform distribution with a single path in the spatial fading emulator. Therefore, these results indicate that the MIMO OTA antenna performance can be evaluated regardless of its testing methodologies and it seems that the candidate MIMO OTA testing methodologies can co-exist if the minimum requirements for the MIMO OTA testing is appropriately specified.
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Figure 1  Test results of dependency of MIMO OTA throughput performance on spatial channel models.
3.3 Proposed requirements for MIMO OTA testing
Based on the results which we obtained through the measurement campaign, we conclude that we can employ any type of spatial channel models for the minimum MIMO OTA testing to differentiate the MIMO antenna performance although further studies on the practical multi-antennas mounted on mobile phones which have dual polarized characteristics are necessary. Therefore, we propose the requirements for the MMO OTA testing system as follows [2], [11].
Table 3. Proposed requirements for the MMO OTA testing system.
	Requirement
	Minimum
	Recommended 

	Frequency range
	[TBD]
	[FFS]

	Bandwidth
	[TBD]
	[FFS]

	Max. RF signal level at mobile terminal
	[TBD]
	[FFS]

	Number of probe antennas
	[TBD]
	[FFS]

	Measurement space 2D/3D
	[TBD]
	[FFS]

	Support of variable XPR
	No
	[FFS]

	Support of variable angular spread
	No
	[FFS]

	Support of delay spread
	No
	[FFS]

	Support of Doppler spread
	No
	[FFS]

	Channel models
	No
	[FFS]

	Phantom head
	[TBD]
	[FFS]

	Phantom hand
	[TBD]
	[FFS]

	Figure of Merit (FoM)
	[TBD]
	[FFS]

	Repeatability/Reproducibility
	[TBD]
	[FFS]

	MIMO modes
	[TBD]
	[FFS]

	Rx diversity support
	[TBD]
	[FFS]

	Measurement accuracy
	[TBD]
	[FFS]

	Test duration
	[TBD]
	[FFS]

	Setup complexity
	[TBD]
	[FFS]


4. Conclusion
In this contribution, we discussed the results of the measurement campaign which was conducted to experimentally compare the difference between our developed candidate systems of the reverberation chamber, simplified multi-antenna measurement system in the anechoic chamber, and the spatial fading emulator for the MIMO OTA testing. Base on the results, we conclude that we can employ any type of spatial channel models for the minimum MIMO OTA testing to differentiate the MIMO antenna performance and also presented our views on the requirement for the MIMO OTA testing.
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