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1. Introduction
A study item of the MIMO OTA testing for multi-antennas mounted on UE/MS was agreed in the RAN 43 meeting [1].  The main purpose of the study item is to establish a commonly acceptable testing methodology utilizing the existing OTA measurement system for a single antenna. However, it seems that it has been discussed based on unclear concepts and targets in RAN4 so far. Therefore, it is urgently needed to clarify the definition of the MIMO OTA testing based on its original concepts and targets in order to accelerate the future discussion.
In this contribution, we discuss the definition of the MIMO OTA testing in order to clarify the concept and target of this study item, and then present way forward for the MIMO OTA testing discussion.
2. Definition of MIMO OTA testing
First of all, we believe that the MIMO OTA testing is classified into two groups. One is the MIMO OTA testing aimed at simply evaluating multi-antenna performance in the active mode (the left-hand side in Fig. 1), and the other is the MIMO OTA testing that more faithfully reflects the end to end performance (the right-hand side in Fig. 1), according to the intended use as described in Fig.1.

[image: image1.emf]MIMO OTA testing

Simplified MIMO OTA testing

MIMO OTA Testing based on

spatial fading emulator


Figure 1. Classification of MIMO OTA testing.
Both the MIMO OTA testings are definitely valuable and indispensable to verify the performance of the UE/MS which has multi-antennas. The first one enables us to differentiate the multi-antenna characteristics as an overall radio performance in the spatial domain considering the effects of the gain imbalance and antenna correlation of multi-antennas mounted on UE/MS in the active mode. As for the second one, we can evaluate the overall performance that faithfully reflects user experience in the spatial and temporal domain considering the effects of multi-antennas, RF transceiver, and baseband block of UE/MS by reproducing the multi-path environment equivalent to the real condition around the UE/MS. This testing methodology has an advantage over the first one in that the testing for UE/MS under the condition equivalent to suburban or rural outdoor environment can be performed without time-consuming field testing. However, it seems to be virtually impossible to commonly employ this advanced type of MIMO OTA testing system for the whole manufactures and mobile network operators by the fact that a large number of probe antennas are necessary for the accurate measurement of DUT which has a large antenna spacing, such as laptop PC, and this will lead to adoption of several fading emulators which have multiple output ports. Therefore, there is a host of issues on the complexity, cost, and uncertainty due to its large scale of the testing setup as for the second one.
3. Discussion
In order to clarify the requirements for the MIMO OTA testing from the aspect of standardization, it is useful to refer to the conformance and performance testing which is achieved by the conducted test specified in the 3GPP [2, 3]. Figure 2 shows the coverage of the conducted testing and the MIMO OTA testing. We define that the scope or the subject in the device under test is divided into three segments of multi-antennas, RF transceiver, and baseband block. As shown in Fig.2, the conducted testing has already covered two segments of the RF transceiver and baseband block. This conducted performance test must be performed using the pre-defined channel conditions considering the effect of delay spread and the Doppler shift in the temporal domain except for multi-antennas which represent the performance in the spatial domain. Therefore, we believe that the MIMO OTA testing should briefly cover only two segments of multi-antennas and RF transceiver as a minimum requirement utilizing the co-existence between the conducted testing and the MIMO OTA testing in a mutually complementary form.
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Figure 2. Coverage of conducted testing and MIMO OTA testing.
Thus, our proposal for the MIMO OTA testing is as follows.
Proposal 1: 
The MIMO OTA testing aimed at simply evaluating multi-antenna performance in the active mode for minimum requirement (Normative)
The MIMO OTA testing that more faithfully reflects the end to end performance for recommended requirement (Informative)
4. Way forward for MIMO OTA discussion
In the last RAN4 #52 meeting, the table of requirements for the MIMO OTA testing system [4, 5] was approved as a starting point of MIMO OTA discussion. As a next step of the study, it is necessary to clarify the capability of each MIMO OTA candidate testing system. Therefore, the comparison table of Table 1 is filled in based on the results of [6] which show the capability of three different MIMO OTA testing systems respectively, i.e. one is the simplified MIMO OTA testing system using the reverberation chamber, one is the simplified MIMO OTA testing system using the anechoic chamber and the other is the spatial fading emulator (SFE). For further discussions, we kindly ask institutions or companies who have proposed their own MIMO OTA testing systems to complete the table of their own MIMO OTA testing system. Finally, we propose the way forward for the MIMO OTA discussion as follows.
Proposal of way forward for the MIMO OTA discussion: 
To complete comparison table of all the MIMO OTA candidate testing systems and to discuss the system requirements based on the completed table and proposal 1
Table 1. Comparison table of MIMO OTA testing systems.
	Category
	Simplified MIMO OTA
	Spatial Fading Emulator
	…

	Type / Features
	Reverberation chamber
	Anechoic chamber
	RF Controlled
	Digital Controlled
	…

	Source
	DOCOMO
	DOCOMO
	Panasonic
	DOCOMO
	…

	Frequency range
	Support band I-XVI
	Support band I-XVI
	Support band I-XVI
	Support band I-XVI
	

	Bandwidth
	Over 100 MHz
	Up to 70 MHz
	Up to100 MHz
	Up to 70 MHz
	

	Max. RF signal level at UE/MS
	Total path loss :
Less than 30 dB
	Total path loss :

Less than 50 dB
	Total path loss :

Less than 60 dB
	Total path loss :

Less than 50 dB
	

	Number of probe antennas
	N/A
	4
	Up to 31
	16
	

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

	Variable XPR
	Not supported
	Supported
	Supported
	Supported
	

	Variable angular spread
	Not supported
	Supported
	Supported
	Supported
	

	Variable delay spread
	Not supported
	Supported
	Supported
	Supported
	

	Varibale doppler shift
	Not supported
	Supported
	Supported
	Supported
	

	Channel models
	Rayleigh fading with 3D uniform PAS
	Single cluster PAS
	2D uniform / cluster PAS
	SCME TDL, etc.
	

	Phantom elements
	Applicable
	

	Figure of Merit (FoM)
	Throughput, CQI, BER, etc. 
	

	Repeatability / Reproducibility
	
	
	
	
	

	MIMO modes
	
	
	
	
	

	Rx diversity support
	Supported
	

	Measurement accuracy
	
	
	
	
	

	Test duration
	
	
	
	
	

	Setup complexity
	Simple
	Simple
	Complex
	Complex
	


5. Conclusion
In this contribution, we clarified the definition of the MIMO OTA testing in order to accelerate the future discussion for establishing a commonly acceptable MIMO OTA testing by classifying into two groups, i.e. one is the MIMO OTA testing aimed at simply evaluating multi-antenna performance in the active mode and the other is the MIMO OTA testing that more faithfully reflects the end to end performance, according to the intended use. Based on the analysis of the complexity and the test coverage, we concluded that the MIMO OTA testing should briefly cover only the range of antennas and RF transceiver as a minimum requirement utilizing the co-existence between the conducted testing and the MIMO OTA testing in a mutually complementary form. It is also proposed that the MIMO OTA testing that more faithfully reflects the end to end performance should be defined as recommended requirements. Finally, we presented the way forward for the MIMO OTA discussion to complete the comparison table for further discussion. Our proposals are summarized below:
Proposal 1 (Definition of the MIMO OTA testing): 
The MIMO OTA testing aimed at simply evaluating multi-antenna performance in the active mode for minimum requirement (Normative)
The MIMO OTA testing that more faithfully reflects the end to end performance for recommended requirement (Informative)
Proposal 2 (Way forward for the MIMO OTA discussion): 
To complete comparison table of all the MIMO OTA candidate testing systems and to discuss the system requirements based on the completed table and proposal 1
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