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1. Introduction
 MIMO OTA study item was approved in TSG RAN#43 meeting and  is planned to be finalized in TSG RAN#57 meeting.  High level objective of MIMO OTA study item is to define a 3GPP methodology for measuring the radiated performance of multiple antenna reception and MIMO receivers in the UE. Steps intended to be taken are following [1]:

1) Identify the performance metrics and clarify the requirements of operators for defining such a methodology.

2) Review of potential solutions also considering input from CTIA ERP and COST 2100.

3) Agree the final solution, and detail the agreed 3GPP solution in a technical report to be reported to RAN plenary.

This contribution outlines requirements for a preferable test method and proposes way forward.
2. Performance metrics

TR 37.976 categorizes conceivable figures of merit (FOM) according table 1. 

 Table 1: Categories of Figure of Merits
	Category
	I
	II
	III
	IV
	V

	FOMs
	MIMO Throughput

CQI

(FRC)
	TRP
TRS
	Gain Imbalance

Spatial correlation

MIMO Capacity
	Antenna Efficiency

MEG
	MIMO Throughput

(VRC)



	Type
	OTA
	OTA
	MIMO antennas
	MIMO antennas
	OTA

	Methodology
	Active

(with fading)
	Active

(with fading)
	Passive/Active

(with fading)
	Passive/Active

(without fading)
	Active

(with fading)


FOMs in categories III and IV are metrics that are good for evaluating antenna performance of a terminal. However, antenna performance is not equal to radiated performance of the terminal. In the concept of radiated system performance the influence of antenna matching with PA and LNA, chipset, modem and self interferences needs to be included.
Categories I and V are focusing more on ‘end-consumer’ perspective. They provide preconditions to evaluate radiated performance of a terminal, all component of it, working as an end product. Fixed versus variable reference channel needs to be discussed and studied further. Use of VRC would provide more realistic testing scenario, however table 1 indicates FRC to be the preferred case. 
Category II, TRP and TRS are existing metrics for WCDMA and GSM, and they could be still maintained as supportive information for HSPA and LTE. Straightforward way to proceed with category II, would be to extend 3GPP TS 34.114 [2] as major parts of it could be utilized.
3. Requirements for test method

 Candidate methods for MIMO OTA introduced by TR 37.976 are all based on a fading radio channel. Realizations of the fading channel vary depending on the candidate. The candidates can be divided in to three main approaches; anechoic chamber, reverberation chamber and simulation based methods (two-stage method). Methods that will be selected to upcoming work item should fulfil following terms. 
Top priority requirement for 3GPP MIMO OTA test method is that it represents real user cases in a realistic radio channel environment. Terminals that do well in test should also perform well in the field. In case the requirements of a conformance test do not reflect the requirements of an end user, the test will not be beneficial for device design nor the industry.
The test should be such that any device off the shelf can be tested, without modifications, using the information given to consumers. Even tough this outline may rule out some shortcuts or test methods, it has several justifications;
1) It enables competitor analysis, leading to open and honest competition in the field of radiated performance. TRP/TRS results are already used for competition. As the amount of data transferred in the network increases, importance of radiated performance will be even highlighted.

2) Today test lab that terminal manufacturers have, are highly specialized to testing and thus not much involved in product development. Therefore the lab organization may not have the skills or the knowledge to modify products for the testing. Even with knowledge soldering for example antenna connectors is difficult. Circuit board has no room for connectors and some components may have to be removed to be able to fit the connector in and in the process grounding may be damaged. Measurements of actively matched antennas via a cable are misleading even with proper connector probing [3].  
3) If the product is modified from its original intended operational mode, uncertainty of the test is also increased when compared to testing of unmodified product.
Good repeatability and reasonable uncertainty.  Repeatable test is a ground stone for product development. Selected test method for final solution should provide repeatability data as well as an estimation of measurement uncertainty.
The test method must be efficient in terms of testing speed, fading environment and communication systems. Backwards compatible test system to TRP/TRS measurements would ensure high utilization rates of  lab capacity as an upgrade of an existing lab is an alternative to a new laboratory investment. Harmonization with other standards is also a considerable cost factor.   
 At this point, it seems fairly clear that MIMO terminals will be tested radiated in a fading channel. Today SISO terminals have only conducted tests specified on a fading channel. Comparison of SISO systems to MIMO systems is an interesting case and therefore the choice of MIMO OTA test method should not rule out testing of any communication system for R&D purposes.  
4. Conclusion
FOM categories I and V are noted to characterize radiated performance of a device most extensively and are therefore proposed to be in the scope of further studies. To avoid overlap, category II is proposed to be handled by extending existing 3GPP 34.114 standard. Metrics in categories III-IV are proposed to be left out of the scope of the standard.
Following requirements were outlined for the 3GPP MIMO OTA test method:
The test method should represent real user cases in a realistic radio channel environment. 

The test should be such that any device off the shelf can be tested.
Good repeatability and reasonable uncertainty.
The test is efficient in terms of testing speed per product, and flexible in terms of fading environment and communication systems.

In the light of the requirements above, it is proposed that candidate methods 1 and 2 of anechoic chamber based methods are merged and reported as the final solution to RAN plenary.  Fundamental idea of candidate solutions 1 and 2 is the same; differences are in the number of probe antenna elements and alignments which can be left open for future work.
Candidate methods based on reverberation chamber are not as flexible as anechoic chamber based methods 1&2 to emulate different fading environments. Due to isotropic nature of AoA and random polarization, realizations of some real life radio channel conditions may be not be doable. However, because reverberation chamber enables testing products unmodified, as they will be used by consumers, the methods could be studied further, parallel to anechoic chamber based methods 1&2.
Selection of candidate method 3 (two-stage method), based on antenna data gathered by cable connection, for the final solution, would lead in to time consuming and impractical testing procedure. Uncertainties related to the required modifications of the terminals are a concern. Further more, in the case on actively tuned antennas, pattern measurements via cable are not applicable. The issue related with antenna probing can be overcome by storing data in the DUT, enabling the retrieval of complex radiation pattern through post-processing. However, to be standardized, this approach needs to be supported by all chipset vendors. Likely, it would also require a verification test for the values reported by the chipset.  
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Recommendations
FOM categories I and V are noted to characterize radiated performance of a device most extensively and are therefore proposed to be in the scope of further studies. To avoid overlap, category II is proposed to be handled by extending existing 3GPP 34.114 standard. Metrics in categories III-IV are proposed to be left out of the scope of the standard.

Following requirements were outlined for the 3GPP MIMO OTA test method:

-The test method should represent real user cases in a realistic radio channel environment. 

-The test should be such that any device off the shop shelf can be tested.

-Good repeatability and reasonable uncertainty.
-The test is efficient in terms of testing speed per product, and flexible in terms of fading environment and communication systems.

In the light of the requirements above, it is proposed that candidate methods 1 and 2 of anechoic chamber based methods are merged and reported as the final solution to RAN plenary.  Fundamental idea of candidate solutions 1 and 2 is the same; differences are in the number of probe antenna elements and alignments which can be left open for future work.

Candidate methods based on reverberation chamber are not as flexible as anechoic chamber based methods 1&2 to emulate different fading environments. Due to isotropic nature of AoA and random polarization, realizations of some real life radio channel conditions may be not be doable. However, because reverberation chamber enables testing products unmodified, as they will be used by consumers, the methods could be studied further, parallel to anechoic chamber based methods 1&2.

Selection of candidate method 3 (two-stage method), based on antenna data gathered by cable connection, for the final solution, would lead in to time consuming and impractical testing procedure. Uncertainties related to the required modifications of the terminals are a concern. Further more, in the case on actively tuned antennas, pattern measurements via cable are not applicable. The issue related with antenna probing can be overcome by storing data in the DUT, enabling the retrieval of complex radiation pattern through post-processing. However, to be standardized, this approach needs to be supported by all chipset vendors. Likely, it would also require a verification test for the values reported by the chipset.
