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1. Introduction
A table to compare the different MIMO OTA methodologies was proposed in the San Francisco meeting [1]. This contribution harmonizes the content of the table and arranges the points of comparison into categories. The goal is to make the table more useful as a technology comparison and also make it suitable for publishing in the Technical Report.   

2. Discussion
In [1], the information was distributed over two tables due to the large number of candidate methodologies. Close scrutiny of the contents of the tables reveals that some of the methodologies are quite similar and can be merged.

The candidate methodologies for MIMO OTA can be broadly classified into 3 categories:

I. Anechoic Chamber 

II. Reverberation Chamber

III. Multi-stage Methods

Table 1 compares the various aspects of the candidate methods. The content of the table is based on information in Tables 1 and 2 of [1].  It is recognized that the information in the table is based on currently available information. Many of the attributes of the candidate methodologies require further study/proof and are subject to change.
	Attribute
	Reverberation Chamber
	Anechoic Chamber Based
	Multi-stage methods

	
	RC 
	RC + CE
	Single Cluster
	Ring
	2 channel method
	2 stage method

	Setup


	
	
	
	
	
	

	Major components


	Reverberation chamber
	Channel Emulator, Reverberation Chamber
	Channel emulators, probe antennas, anechoic chamber
	Channel emulator, probe antennas, anechoic chamber
	Channel emulator, probe antenna
	Channel emulator, probe antenna, anechoic chamber

	Number of probe antennas
	[2-4]
	2 – 4
	4-16 (Varies)
	4-32 (Varies)
	2-3
	1

	Other specs
	
	
	
	
	
	

	Frequency range
	Support bands I-XVI


	Support bands I-XVI
	Support bands I-XVI
	Support bands I-XVI
	Support FDD bands I to XVII
	Support bands I-XVI

	Bandwidth


	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Channel Modelling aspects
	
	
	
	
	
	

	2D/3D
	3D
	3D
	2D/3D (varies)
	2D/3D1,5 (varies)
	2D/3D1,5
	2D/3D

	Number of clusters
	1
	FFS
	1-24 (varies)
	1-24 (varies)
	1-2
	1-24

	Power angular spectrum per cluster
	Uniform
	Uniform
	Controllable
	Controllable
	Controllable
	Controllable

	Variable angular spread
	Random
	Random
	Controllable
	Controllable
	Partly Controllable
	Controllable 

	Power delay profile
	Exponential decay
	Controllable + Exponential
	Controllable
	Controllable
	Controllable
	Controllable

	Variable delay spread
	Slightly controllable decay
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Variable Doppler shift
	Limited
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Supported channel models
	Uniform (footnote random AoA, uniform average)
	Uniform spatial, controllable multipath
	Single cluster, multipath (varies)
	SCME, Single Cluster, Uniform, Arbitrary
	SCME, Single cluster, uniform, arbitrary
	SCME, Single cluster, uniform, arbitrary

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

	       XPR
	Constant
	Constant
	Controllable
	Controllable
	Controllable
	Controllable

	Other MIMO OTA attributes
	
	
	
	
	
	

	Supported 3GPP transmission modes [2]
	1 – 7
	1 – 7
	1 – 7
	1 – 7
	1 – 7
	1 – 7

	Ability to control interference direction
	[No]
	[No]
	Limited – Yes
	Yes
	Yes
	- 

	SNR control3
	
	FFS
	
	
	-
	Explicit SNR & Implicit SNR

	DUT size constraints

(quiet zone dependency on channel model and # of antennas)
	None
	None
	0.5 – 4 lambda, FFS (Varies)
	0.5 – 4 lambda, FFS (Varies)
	-
	-

	Measurements & Results
	
	
	
	
	
	

	Achievable accuracy in terms of FoM
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Supported FoM2
	Throughput
	Throughput
	Throughput
	Throughput, the metrics proposed in [6]
	Throughput, Channel Feedback Indication
	Throughput, the metrics proposed in [6]

	Demonstration results available
	Yes
	Partial
	Yes, Partial
	Yes
	Yes
	Yes

	System/Hardware Details
	
	
	
	
	
	

	Calibration equipment/method
	4-Port VNA4
	4-Port VNA4
	Joint OTA link calibration using VNA4
	Joint OTA link calibration using VNA4
	Range calibration by VNA4, for example
	Chamber calibration by VNA4
Non-intrusive antenna pattern measurement capability required for DUT

	Use this method in SISO OTA
	Yes
	Yes
	Yes, FFS (varies)
	Yes
	Yes
	-

	Re-use potential existing SISO OTA systems
	High
	
	High
	-
	High
	High

	Other Considerations
	
	
	
	
	
	

	Cost


	FFS
	FFS
	FFS
	FFS
	FFS
	FFS


1 3D is feasible in theory if 3D channel model is used.

2 Metrics supported: the measurement metrics supported by the test method like throughput, TRP/TRS, antenna pattern, gain imbalance, etc

3 SNR control: explicit SNR, implicit SNR, etc

4 VNA is an abbreviation of Vector Network Analyzer.

5 Measurement of 3D pattern at DuT when channel PAS is limited to < 180 deg sector.
3. Definitions of rows in the table
Major components: List of main hardware components required
Number of probe antennas: self-explanatory

Frequency range: Frequency bands supported by the method
Bandwidth

Channel Modeling
2D/3D: ability of method to support 2D/3D modelling of environment

Number of clusters: number of taps/multipath components supported by method. This determines how ‘spread out’ the arriving signal is spatially.
Power angular spectrum per cluster: Types of power angular (azimuth) spectrum distributions supported by method. The distributions should be settable for each cluster.

Variable angular spread: Ability to set the amount of angle spread. This determines how ‘spread out’ the arriving signal corresponding to each cluster is spatially.
Power Delay Profile: Types of power delay profiles supported. Ability to control the powers and delays of each of the clusters.
Variable delay spread: ability to support different delay spreads.

Variable Doppler shift: types of Doppler spectra that can be supported. This determines the frequency domain (and by duality, the time domain) characteristics of the wireless channel emulated.
Supported channel models: channel models supported by method.
Controllable spatial characteristics of BS antennas:  ability to set the spatial correlation of the BS antennas.
XPR: Cross-polarization ratio values supported.
Other MIMO OTA attributes
Supported 3GPP transmission modes: self-explanatory. Refer to [2].
Ability to control interference direction: ability to model the direction from which interference arrives
SNR control: Explicit SNR, Implicit SNR (more details)
DUT size constraints: range of DUT size supported
Measurements and Results
Achievable accuracy in terms of FoM: how well does the method perform the measurement of the Figure of Merit.
Demonstration results available: Are demonstration results available?

System/Hardware Details
Calibration equipment/method: list of main equipment required for calibration of system with some insight into the calibration approach.
Use this method in SISO OTA: Can this same method be used in SISO OTA too?

Re-use potential existing SISO OTA systems: Can this method be re-used in existing SISO OTA systems?
4. Conclusion
This contribution classified the candidate MIMO OTA methodologies into 3 broad categories. It merged some of the candidate methods (columns) from [1] when their attributes were similar so as to simplify the table. Further, the rows of the tables from [1] were rearranged so that similar attributes of the methods appeared together, thereby making the template easier to interpret.
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