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1 Introduction
Recently, methodologies for MIMO over-the-air (OTA) terminal testing have been discussed in COST IC1004 (TWGO), in CTIA MOSG/MUSG, and in 3GPP RAN4 (MIMO OTA ad-hoc). In 3GPP, different candidate methodologies for MIMO OTA have been proposed. They can be broadly classified into three categories, namely reverberation chamber based methodologies, anechoic chamber based methodologies, and multi-stage methods. This paper compares the proposed methodologies that have met criteria agreed in [1] through a summarized table. 

2 Discussion
The table shows four methodologies classified in the three categories, reverberation chamber, anechoic chamber, and multi-stage methods. 
This table represents each test methodology state of the art. The assessment is based on data results and relevant technical evidences, i.e. peer reviewed academic literature.
The table is filled objectively, indicating proven capabilities of each test methodology, for this reason the term to-be –determined (TBD) is avoided.
Section of where the table should be located:
· It has been discussed whether this table should consider all candidate methodologies or just methods that have accomplished criteria established and agreed in [1].

· The only purpose of this table is to answer WF in [3], option 3, in the event that no harmonization (soft harmonization) and no hard harmonization (decision) is possible between AC and RC methodologies.

· For this reason, this table shall consider only the methods that have accomplished criteria in [1]. Nonetheless it is reminded that a similar table was produced during SI phase. See 37.976. There is no point in producing a similar table since lot of work has been done since to understand and validate the different candidate methodologies. Thus finalizing the WI with a table in section 12, means that this table shall only dicusss methods which test procedure is in section 12.
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4 Text proposal to TR 37.977

The table 12.4-1 shows four methodologies classified in the three categories.
<< Unchanged content omitted >>
12
 MIMO OTA test procedures

12.4
Comparison of methodologies

The methodologies which tests plans are described Clause 12, can be broadly classified into 3 categories:

1) Reverberation Chamber (RC)

2) Anechoic Chamber (AC)

3) Multi-stage Method
The content of the Table 12.4-1 is based on what has been validated as well as currently available state-of-the-art information, and may be reconsidered when the state of the art technology progresses.
Table 12.4-1: Simplified methodology comparison
	Attribute
	Reverberation Chamber
	Anechoic Chamber
	Multi-stage methods

	
	RC
	RC + CE
	Multi probe
	2 stage method rad.

	Channel Modelling aspects
	

	2D/3D

dimension over which the signals simultaneously arrive at the DUT location
	3D1
	3D1
	2D
	2D11

	Directional distribution of angles of arrival
	Random
	Random
	Selected as defined by SCME channel model in Clause 8
	Selected as defined by SCME channel model in Clause 8

	Channel model with controllable spatial characteristics
	no
	no
	Yes2
	Yes2

	Angular spread
	Statistically isotropic
	Statistically isotropic
	Selected as defined by SCME channel model in Clause 8
	Selected as defined by SCME channel model in Clause 8

	Ability to control angular spread
	no
	no
	Yes2
	Yes2

	Power delay profile
	Exponential decay
	Selected as defined by channel model in Annex C
	Selected as defined by SCME channel model in Clause 8
	Selected as defined by SCME channel model in Clause 8

	Ability to control power delay profile
	Partly controllable2,3
	Yes2
	Yes2
	Yes2

	UE speed
	Approximately 1Km/h
	30Km/h
	30Km/h
	30Km/h

	Ability to control UE speed
	No
	Yes2
	Yes2
	Yes2

	UE direction of travel
	N/A
	N/A
	120º as specified in Clause 8
	120º as specified in Clause 8

	Ability to control direction of travel
	N/A
	N/A
	Yes2
	Yes2

	Supported channel models
	NIST
	Short Delay Spread
Long Deay Spread
	SCME Uma
SCME Umi
	SCME Uma
SCME Umi

	BS antenna configuration
	Uncorrelated
	Selected as defined in Clause 8.5
	Selected as defined in Clause 8.5
	Selected as defined Clause 8.5

	Ability to control BS antenna configuration
	No
	Yes2
	Yes2
	Yes2

	XPR (defined in Clause 8.2)
	N/A
	N/A
	9dB
	9dB

	V/H ratio
	0dB on average
	0dB on average
	0.83 dB for SCME UMi

8.13 dB for SCME UMa
	0.83 dB for SCME UMi

8.13 dB for SCME UMa

	Ability to control XPR and V/H
	No
	No
	Yes2
	Yes2

	MIMO OTA attributes not yet tested
	

	Ability to control noise and  interference direction
	Limited4
	Limited4
	Yes2
	Yes2

	DUT size constraints
	Depends on chamber size5 and stirrer size
	Depends on chamber size5 and stirrer size
	Depends on chamber size5, and number of active antenna probes and channel emulator ports to fit required active antenna probes
	Depends on chamber size5 (SISO chamber quiet zone)

	Other Considerations
	

	Non-intrusive test mode for DUT antenna pattern measurement
	Not required
	Not required
	Not required
	Required

	Ability to distinguish performance based on device orientation relative to the field
	No
	No
	Yes
	Yes

	Major equipment elements for MIMO OTA test setup (all need MIMO BS emulator)
	MIMO capable reverberation chamber
	MIMO capable reverberation chamber

and channel emulator
	MIMO capable anechoic chamber to fit antenna probes and channel emulator
	SISO anechoic chamber with additional antenna and channel emulator

	Number of channel emulator ports7
	N/A
	4
	166
	2

	DUT antenna polarization discrimination8
	No
	No
	Yes
	Yes

	DUT Antenna radiation pattern adaptation, performance discrimination
	Feasibility study not yet performed
	Feasibility study not yet performed
	Yes9
	Feasibility study not yet performed10

	Number of independent measurements
	1 after sufficient number of stirrers states to ensure isotropy12
	1 after sufficient number of stirrers states to ensure isotropy12
	12 device rotations for 2D evaluation
	Measurement of radiation pattern in 1st stage and measurement in radiated stage for 12 rotations for 2D evaluation


Note 1: Random distribution of angles of arrival. Isotropy is achieved after sufficient amount of test time as per Annex C
Note 2: Requires validation
Note 3: PDP modification will require new loading of chamber
Note 4: Feasibility study under progress

Note 5: Chamber size depends on the size of the UE and the frequency of the test
Note 6: Minimum setup configuration as per table 6.3.1.1-1

Note 7: Configuration reflects what has been tested. Optimization may be possible
Note 8: Assuming that correlation, gain imbalance, total efficiency are equivalent among DUT, purely isolating antennas polarization
Note 9: Based on preliminary feasibility study

Note 10: It will require DUT feedback mechanism
Note 11: 3D is possible without new test setup if 3D channel models are specified. It requires validation
Note 12: Isotropy is achieved after sufficient amount of isotropic states as per Annex C. The guideline for TRS, number of independent samples should be larger than 100, preferable 200 or 400 (3GPP TS 34.114)
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