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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 methodologies that have met criteria agreed in [1] through a summarized table. This contribution has been prepared in cooperation with EMITE, a manufacturer of MIMO OTA test equipment.
2. High Level Comparison

The table in the text proposal below shows four methodologies classified in the three categories, reverberation chamber, anechoic chamber, and multi-stage methods. The assessment is based on data results from IL/IT campaigns and relevant technical evidences.
The table is filled objectively, indicating proven capabilities of each test methodology, for this reason the term to-be –determined (TBD) is avoided. Proven capabilities have been demonstrated and documented as a result of the IL/IT campaigns.
3. Proposal
It is proposed to approve the text proposal to 3GPP TR 37.977 [2] below.
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<< unchanged sections omitted >>
12.4
Comparison of methodologies
The methodologies, which tests plans are described in clauses 12.1, 12.2, and 12.3 for MIMO OTA UE device testing can be broadly classified into 3 categories:
1)
Reverberation Chamber
2)
Anechoic Chamber 
3)
Multi-stage Method

The content of Table 12.4-1 is based on currently available state-of-the-art information demonstrated and documented from the IL/IT campaigns and may be reconsidered when the state of the art technology progresses. 

	Attribute
	Reverberation Chamber
	Anechoic Chamber
	Multi-stage methods

	
	RC
	RC + Channel Emulator
	Multiprobe
	2 stage method radiated

	Channel Modelling aspects
	
	
	
	

	2D/3D; dimension over which the signals simultaneously arrive at the DUT location
	3D
	3D
	2D
	2D

	Angular spread
	Uniform1
	Uniform1


	Fixed value
	Fixed Value

	Power delay profile
	Exponential decay
	Cluster Profile
	Cluster Profile
	Cluster Profile

	Doppler shift
	1Km/hr
	30 Km/hr
	30 Km/hr
	30 Km/Hr

	Supported channel models
	NIST
	Short Delay Spread,

Long Delay Spread
	SCME Uma

SCME Umi
	SCME Uma

SCME Umi

	BS antennas
	Uncorrelated
	Emulated4
	Emulated4
	Emulated4

	XPR; ratio of average power in the V vs H plane at the DUT location
	zero
	zero
	0.83 dB for SCME UMi

8.13 dB for SCME UMa 
	0.83 dB for SCME UMi

8.13 dB for SCME UMa

	Other MIMO OTA attributes
	
	
	
	

	DUT size constraints


	Depends on chamber size7
	Depends on chamber size7
	Depends on chamber size, chamber reflectivity, number of antenna probes and number of channel emulator output ports
	Depends on chamber size (SISO chamber quiet zone)

	Other Considerations
	
	
	
	

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

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

	FoM Throughput; ability to differentiate good antenna from bad antenna
	Yes
	Yes
	Yes
	yes

	Dimension over which FoM Throughput is evaluated
	3D
	3D
	2D
	2D

	Spatial resolution
	Statistically isotropic
	Statistically isotropic
	2D
	2D

	Measurement Uncertainty2
	± 2.3dB
	± 2.3dB
	± 2.3dB
	± 2.3dB

	UE specific support
	NO
	NO
	NO
	YES3

	Test setup required for MIMO measurements
	OTA SISO Chamber5
	OTA SISO Chamber5
Channel Emulator
	OTA MIMO Chamber

Channel Emulator
	OTA SISO Chamber

Channel Emulator

	Number of Subframe samples required per measurement
	20,000
	50,000
	20,000
	

	Number of Device Position Measurements required for FoM average Throughput 
	1
	1
	12
	1

	Cost of Test System
	
	
	
	

	Test Time6
	20 – 30 minutes
	20 – 30 minutes
	
	


Table 12.4-1: Simplified methodology comparison
NOTES:

Note 1:
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 2 :
Measurement Uncertainty 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 Measurement Uncertainty, as soon as this information is available.
Note 3:
It shall be noted that use of the two-stage method for conformance test depends on the specification of a UE antenna measurement function which is not part of this technical report, and therefore requires specific UE support for such measurements.

Note 4:
As defined in section 8.5
Note 5:
There are typically no technical constraints to use a SISO reverberation chamber for MIMO measurements. Reverberation chambers configured solely for MIMO measurements have also been used in the 3GPP/CTIA LTE MIMO OTA IL/IT test campaigns.
Note 6:
This attribute refers to the time required for measuring the final reported average throughput for a DL power range of 10 dB, with 0.5 dB step size.
Note 7:
Measurements of large-form-factor devices using reverberation chambers have been presented to 3GPP.
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