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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 High Level Comparison
The table 1 shows seven candidate methodologies classified in the three categories, reverberation chamber, anechoic chamber, and multi-stage methods. Each of them covers two or three candidates. 

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.
Despite off-line discussions in 3GPP RAN4 68BIS, and in the MIMO OTA reflector, no consensus was reached in the content of this table. The legend bellow indicates the topics that we have preliminary agreement in 3GPP RAN4 68BIS.
Green, agreed

Yellow, not agreed
Further off-line work will be necessary. This contribution should be reviewed as starting point for future discussions.
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Text proposal to TR 37.977

The table 12.4-1 shows seven candidate methodologies classified in the three categories, reverberation chamber, anechoic chamber,
<< Unchanged content omitted >>
12
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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

4) 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
	Single Cluster
	Multi probe
	Decomposition method
	2 stage method cond.
	2 stage method rad.

	Channel Modelling aspects
	
	
	
	
	
	
	

	2D/3D
	3D
	3D
	2D/3D1
	2D/3D1
	2D/3D1
	2D/3D1
	2D/3D1

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

	Channel model with controllable spatial characteristics
	no
	no
	yes
	yes
	no
	yes
	yes

	Angular spread
	Random2
	Random2

	Controllable
	Controllable
	Partly Controllable
	Controllable
	Controllable

	Power delay profile
	Exponential decay
	Controllable 
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Doppler shift
	Limited
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Supported channel models
	NIST
	Short Delay Spread,

Long Deay Spread
	SCME Uma
SCME Umi
	SCME Uma

SCME Umi
	tSCME Uma

tSCME Umi
NIST
	SCME Uma

SCME Umi
	SCME Uma

SCME Umi

	Controllable spatial characteristics of BS antennas
	FFS
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	XPR
	zero
	zero
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

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

	Other MIMO OTA attributes
	
	
	
	
	
	
	

	Ability to control noise and/or interference

direction
	No
	No
	Limited – Yes
	Yes
	Yes
	Yes
	Yes

	SIR control3
	yes
	Yes
	Yes
	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, and number of antenna probes
	Depends on chamber size (SISO chamber quiet zone)
	Depends on chamber size (SISO chamber quiet zone)
	Depends on chamber size (SISO chamber quiet zone)

	Other Considerations
	
	
	
	
	
	
	

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

	DUT antenna polarization discrimination
	No
	No
	Yes
	Yes
	Yes, constellations give detailed information
	Yes
	Yes

	AAS performance discrimination
	No
	No
	Yes
	Yes
	Yes
	No
	No

	Ability to measure the impact of radiated self-interference
	yes
	yes
	yes
	yes
	yes
	no


	yes

	FoM spatial resolution
	Statistically isotropic
	Statistically isotropic
	3D
	3D
	3D
constellations give detailed information
	3D
	3D

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