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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.
This table is based on [2] with some modifications:
· Only methods that have accomplished agreed criteria in [1] are considered for the comparison in section 12

· Only yellow/under-discussion elements are marked

· Format of table has been corrected to be part of TR. Table did not break across pages, font size. Inconsistent number of cells were merged which made page breaking not possible.
Color code
· Yellow, not agreed
· No color, agreed
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 section 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 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
	3D
	3D
	2D/3D1
	2D/3D1

	Ability to model directional distribution of angles of arrival
	no
	no
	yes
	yes

	Channel model with controllable spatial characteristics
	no
	no
	yes
	yes

	Angular spread
	Random2
	Random2
	Controllable
	Controllable

	Power delay profile
	Exponential decay
	Controllable 
	Controllable
	Controllable

	Doppler shift
	Limited
	Controllable
	Controllable
	Controllable

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

	Controllable spatial characteristics of BS antennas
	FFS
	Controllable
	Controllable
	Controllable

	XPR
	zero
	zero
	Controllable
	Controllable

	Acceptance status in industry5
	no
	no
	3GPP, IEEE, COST, ITU
	3GPP, IEEE, COST, ITU

	Other MIMO OTA attributes
	

	Ability to control noise and/or interference direction
	No
	No
	Yes
	Yes

	SIR control3
	yes
	Yes
	Yes
	Yes

	DUT size constraints
	Depends on chamber size
	Depends on chamber size
	Depends on chamber size, and number of antenna probes
	Depends on chamber size (SISO chamber quiet zone)

	Other Considerations
	

	Requires non-intrusive test mode for DUT antenna pattern measurement
	No
	No
	No
	Yes

	DUT antenna polarization discrimination
	No
	No
	Yes
	Yes

	AAS performance discrimination
	No
	No
	Yes
	No

	Ability to measure the impact of radiated self-interference
	yes
	yes
	yes
	yes

	FoM spatial resolution
	Statistically isotropic
	Statistically isotropic
	3D
	3D

	
	
	
	
	

	Measurement Uncertainty4
	± 2.3dB
	± 2.3dB
	± 2.3dB
	± 2.3dB


NOTES:

Note 1:
3D is valid if 3D channel model is used.

Note 2:
The angular spread observed in a reverberation chamber depends on the duration of observation. For short durations, it is random. For long durations, the angle spread converges to a fixed value based on a uniform angular distribution.
Note 3:
SIR control: explicit SIR, implicit SIR, etc

Note 4 :
MU is currently equally defined for all test methodologies as ± 2.3dB (legacy from SISO) @ 70% maximum data throughput. These fields will be updated with each test methodology unique MU, as soon as this information is available.

Note 5 :
Each field corresponding to a methodology shall list the channel model’s development status in the industry by including the following codes :


3GPP : if the model has been approved by RAN1


IEEE : if the model has been published and peer-reviewed in IEEE publications


COST : if the model has been presented and recommended by COST


ITU : if the model has been approved by the ITU
<< Unchanged content omitted >>
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