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1. Introduction
A study item of the MIMO OTA testing for multi-antennas mounted on UE/MS was agreed in the RAN 43 meeting [1]. During the RAN4 50-bis meeting in Seoul, a skeleton report for the MIMO OTA study item [2] was agreed. The skeleton report covers introduction, performance metrics, methodologies based on anechoic RF chamber and reverberation chamber, and recommendations. At present, a number of investigations have already been reported and proposed as candidate testing systems. On the other hand, there is no clear way forward how to handle these methodologies appropriately. Therefore, there is a concern that a lot of effort is spent on the solutions which are not adequate for HSPA and LTE terminal testing.
Due to the above considerations, we believe that we have to compare the MIMO OTA testing systems in order to clarify the capability of each MIMO OTA candidate testing system, and kindly ask those who have proposed their own MIMO OTA testing systems to complete the table of their own MIMO OTA testing system. The comparison table shown in this contribution is considered as work in progress for eventual inclusion in the MIMO OTA TR (TR25.xxx).
In the RAN4 meeting in Miyazaki, October 2009, it was agreed to discuss the feasibility of each proposed methodology based on a comparison table as a starting point [3], [4]. Based on this decision,, an initial comparison table was proposed in [5]. 

In Table 1 of this contribution, different candidate MIMO test solutions are compared based on their general attributes. Table 1 is intended to provide a quantitative and qualitative overview of these proposed solutions. Future updates to this table could include implementation-specific aspects for each method not currently addressed.. This table should not be considered all-inclusive; the contents of the table may be reviewed and updated based on the results of discussions taking place within COST2100 and CTIA. Consequently, some of the proposed test solutions may, over time, be removed, corrected or expanded according to the outcome of discussions in RAN4 meetings.
-------------------------- Start of draft text proposal --------------------------

8
Conclusions

//Editor note: this section contains the outcome of various candidate methods, compare them against the criteria

8.1
Comparison

The different candidate test systems are compared in Table 1 and in Table 2. Both tables have the same structure, but the testing systems are different. 

Table 1.  Comparison table of MIMO OTA testing systems.
	
	Reverberation chamber
	Single cluster methodology
	Spatial fading emulator

(Digital)
	Spatial fading emulator (SFE)
	Simplified SFE
	Spatial fading emulator

(Analog)

	Source

	DOCOMO
	DOCOMO
	DOCOMO
	EB
	EB
	Panasonic

	Reference
	[ .. ]
	
	
	[8]
	[9]
	[reference]

	Type
	Reverberation
	Anechoic sector
	Anechoic full circle
	Anechoic full circle
	Anechoic sector
	Anechoic full circle

	OTA E2E / conductive / antenna
	OTA E2E
	OTA E2E
	OTA E2E
	OTA E2E
	OTA E2E
	OTA E2E

	Major components
	Reverberation chamber
	Small chamber, Channel emulator,

probe antennas, anechoic chamber
	Large chamber, Channel emulators,

probe antennas, anechoic chamber
	Channel emulators, probe antennas, anechoic chamber
	Channel emulator, probe antennas, anechoic chamber
	Phase shifters, Attenuators, Probe antennas, anechoic chamber

	Frequency range
	Support bands I-XVI

	Support bands I-XVI
	Support bands I-XVI
	Support bands I-XVI
	Support bands I-XVI
	Support bands I-XVI

	Bandwidth
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Total path loss from BSE to DUT
(Preamplifier)
	> 30 dB

(Not required)
	> 50 dB

(Required)
	> 50 dB

(Required)
	~50 dB (Required)
	~50 dB

(Required)
	> 60dB

(Required)

	Number of probe antennas
	-
	4
	< 16
	8 – 32
	4 – 8
	7 – 31

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

	Number of clusters
	1
	1
	
	1 – 24
	1
	1

	Power angular spectrum per cluster
	Uniform
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Variable angular spread
	Random
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Power delay profile
	Exponential decay
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	XPR
	Constant
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Control correlation…
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	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)
	Single cluster
	SCME, single cluster, uniform
	SCME, Single cluster, uniform, arbitrary
	Single cluster
	Uniform, Single cluster

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

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

	Supported FoM2
	Throughput
	Throughput
	Throughput
	Throughput, the metrics proposed in [6]
	Throughput
	Throughput, Antenna pattern, etc (the metrics proposed in [6])

	Ability to control interference direction
	
	
	
	Yes
	Yes
	Yes

	Demonstration results available
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	SNR control3
	
	
	
	
	
	

	DUT size constraints

(quiet zone dependency on channel model and # of antennas)
	None
	
	0.5 – 4 lambda
	0.5 – 4 lambda
	0.5 – 4 lambda
	up to 4 lambda

	Calibration
	4-Port VNA4
	TBD
	TBD
	Joint amplifier, channel emulator, antennas and chamber calibration by a VNA4
	Joint amplifier, channel emulator, antennas and chamber calibration by a VNA4
	Amplitude and phase calibration by a VNA4  using an electrical-controlled RF switch

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

	Possibility to use this method in SISO OTA
	Yes
	
	
	Yes
	Yes
	

	Re-use potential existing SISO OTA systems
	High
	High
	
	
	
	

	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.

Table 1 continued.  Comparison table of MIMO OTA testing systems.
	
	Anechoic Full Circle 
	Anechoic single cluster
	Two-stage method
	Channel Emulator+ Reverberation Chamber
	2 channel method

	Source

	Spirent
	Spirent
	Agilent
	Azimuth Systems
	Rohde&Schwarz

	Reference
	[11]
	[12]
	
	[10]
	

	Type
	Anechoic full circle
	Anechoic sector
	Anechoic + conductive
	Reverberation
	Anechoic

	OTA E2E / conductive / antenna
	OTA E2E
	OTA E2E
	
	OTA E2E
	OTA E2E

	Major components
	Channel emulator, probe antennas
	Channel emulator, probe antennas
	Channel emulator, probe antenna, anechoic chamber
	Channel Emulator, Reverberation Chamber
	Channel emulator, probe antenna

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

	Bandwidth
	FFS
	FFS
	FFS
	FFS
	FFS

	Total path loss from BSE to DUT

(Preamplifier)
	> 50 dB

(Required)
	> 50 dB

(Required)
	N/A
	> 30 dB (Not Required)
	< 50 dB
(not required)

	Number of probe antennas
	4 – 32
	4 – 16
	1
	2 – 4
	2-3

	2D/3D
	2D/3D1 channel

2D/3D measurement5
	2D/3D1 channel

2D/3D measurement5
	2D/3D1
	3D
	2D/3D

	Number of clusters
	1-24
	1-24
	1-24
	FFS
	1-2

	Power angular spectrum per cluster
	Controllable
	Controllable
	Controllable
	Uniform
	Controllable

	Variable angular spread
	Controllable
	Controllable
	Controllable
	Random
	Partly controllable

	Power delay profile
	Controllable
	Controllable
	Controllable
	Controllable + Exponential
	Controllable

	XPR
	Controllable
	Controllable
	Controllable
	Constant
	Controllable

	Control correlation…
	FFS
	FFS
	FFS
	FFS
	FFS

	Variable delay spread
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Variable Doppler shift
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Supported channel models
	SCME, Single cluster, uniform, arbitrary
	Single cluster, Supports Multipath
	SCME, Single cluster, uniform, arbitrary
	Uniform spatial, controllable multipath
	SCME, Single cluster, uniform, arbitrary

	Controllable spatial characteristics of BS antennas
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

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

	Supported FoM2
	Throughput,

Antenna pattern, etc (the metrics proposed in [6])
	Throughput,

Antenna pattern, etc (the metrics proposed in [6])
	Throughput,

Antenna pattern, etc (the metrics proposed in [6])
	Throughput
	Throughput, Channel Feedback Indication

	Ability to control interference direction
	Yes
	
	
	
	Yes

	Demonstration results available
	Yes
	Yes
	Yes
	Partial
	Yes

	SNR control3
	
	
	Explicit SNR & Implicit SNR
	FFS
	

	DUT size constraints

(quiet zone dependency on channel model and # of antennas)
	
	
	
	None
	None

	Calibration
	Joint amplifier, channel emulator, antennas and chamber calibration by a VNA4
	Joint amplifier, channel emulator, antennas and chamber calibration by a VNA4
	Chamber calibration by VNA4
Non-instrusive antenna pattern measurement capability required for DUT
	4-Port VNA
	Range calibration by VNA, for example

	Achievable accuracy in terms of FoM
	FFS
	FFS
	FFS
	FFS
	FFS

	Possibility to use this method in SISO OTA
	FFS
	FFS
	
	Yes
	Yes

	Re-use potential existing SISO OTA systems
	
	High
	High
	
	High

	Cost
	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.

-------------------------- End of draft text proposal --------------------------

2. Conclusion
This contribution proposes that the comparison table shown in this contribution is approved to be a part of the MIMO OTA TR (TR25.xxx). For further discussions, we kindly ask institutions or companies who have proposed their own MIMO OTA testing systems to fill the comparison table regarding each MIMO OTA methodology.
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