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1.
Introduction
The MIMO OTA Work Item [1] has reached 100% completion at the December 2013 RAN #62 meeting [2], with the associated TR37.977 gaining approval [3].  One of the key contributions of the technical report is a methodology comparison table in Clause 12.4 of TR37.977.  This contribution seeks to correct several errors in the table in order to enhance the readability of the content.
2.
Discussion
The proposed editorial changes are summarized in this section and consist of the following 8 items:
Item 1: Row “Directional distribution of AoAs” Columns “RC” and “RC+CE” change “Random” to “Statistically isotropic”

This item seeks to correct the conceptual inaccuracy of defining a random variable as “random.”  All models of propagation environments assume a random variable represents the angle of arrival, it is redundant to refer this random variable as “random.”  It is proposed to maintain consistency with the following definition given in Clause 6.3.2.1 of TR37.977: “The Reverberation Chamber is a metallic cavity or cavities that can emulate an isotropic multi-path environment” and to refer to the directional distribution of AoAs as “isotropic.”

Item 2: Row “Angular spread” Columns “RC” and “RC+CE” change “Statistically isotropic” to “Random”

Angular spread is a parameter of the propagation model and may be either a fixed value or a random variable.  Figure 1 below, taken from the WINNER project report [4], illustrates the propagation model parameters.
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Figure 1: Illustration of a single link of a propagation model (Figure 3-4 in [4])
The two angular spread parameters shown in the figure, σϕ and σφ (representing the departure and arrival angles, respectively), are defined as large-scale parameters.  These may be either fixed (for a single-link simulation) or random.  Thus, referring to angular spread as “statistically isotropic” is incorrect, since it is the distribution that is statistically isotropic in the case of the “RC” and “RC+CE” columns and not the angular spread parameter.  It is correct, however, to describe the angular spread parameter as “random.”
Item 3: Row “Power delay profile” Column “RC” change “Exponential decay” to “Single tap exponential decay”

The term “exponential decay” is not consistent with the definition currently provided in Clause 6.3.2.2 of TR37.977: “The reverberation chamber by itself has a limited range of channel modelling capabilities. Specifically, the power/delay profile is limited to a single decaying exponential.”  To maintain consistency, it is proposed to clarify the term to “single tap exponential decay.”
Item 4: Row “Ability to control power delay profile” Column “RC” change “Partly controllable” to “Exponential decay only”

The definition of the RC methodology currently provided in Clause 6.3.2.2 of TR37.977 is “The reverberation chamber by itself has a limited range of channel modelling capabilities. Specifically, the power/delay profile is limited to a single decaying exponential.”  To maintain consistency with the term “limited” currently used in the TR, it is proposed to correct this item to “exponential decay only.”

Item 5: Row “UE direction of travel” columns “RC” and “RC+CE” change “N/A” to “No”

The existing definition of the isotropic channel models applicable to the RC methodologies states: “The following 3D isotropic model is based on the PDP and BS correlation of the SCME Urban Micro-cell model with isotropic AoAs and modified XPR values and Velocity.”  Furthermore, Tables C.2-1, C.2-2, and C.2-3 specify only the mobile speed parameter (without direction), whereas Tables 8.2-1 and 8.2-2, from which the isotropic models were derived, specify both the speed and direction of travel.  Thus, UE direction of travel is not modeled, and the proposal is to correct the term “N/A” to “No.”
Item 6: Row “Ability to control UE direction of travel” Column “RC” and “RC+CE” change “N/A” to “No”
The existing definition of the isotropic channel models applicable to the RC methodologies states: “The following 3D isotropic model is based on the PDP and BS correlation of the SCME Urban Micro-cell model with isotropic AoAs and modified XPR values and Velocity.”  Furthermore, Tables C.2-1, C.2-2, and C.2-3 specify only the mobile speed parameter (without direction), whereas Tables 8.2-1 and 8.2-2, from which the isotropic models were derived, specify both the speed and direction of travel.  Thus, UE direction of travel is not modeled and is not controlled, and the proposal is to correct the term “N/A” to “No.”

Item 7: Row “V/H ratio” attribute column change “V/H ratio” to “Theta/Phi ratio” with additional note that states “In azimuthal plane Theta/Phi ratio reduces to V/H ratio”

This change proposes to utilize generalized terminology of polarization modes to avoid confusion in the 3-dimensional case.  Although “vertical” and “horizontal” polarization modes have an unambiguous reference in the 2-D case, in 3-D these modes are defined as “Theta” and “Phi.”  It is further proposed to include this explanation in an additional note.
Item 8: Row “Ability to control XPR and V/H” attribute column change “Ability to control XPR and Theta/Phi” with same note as Item 5 above

This change applies the proposal in Item 7 above to the “ability to control” attribute related to XPR and Theta/Phi ratio.
The proposed changes are shown in the markup of Table 12.4-1 of TR37.977 below.
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 dimension over which the signals 

simultaneously arrive at the DUT location
	3D1
	3D1
	2D
	2D11

	Directional distribution of angles of arrival
	Statistically isotropic
	Statistically isotropic
	Selected as defined by

SCME channel model in Clause 8
	Selected as defined by

SCME channel model in Clause 8

	Channel model with controllable 
spatial characteristics
	no
	no
	Yes2
	Yes2

	Angular spread
	Random
	Random
	Selected as defined by

SCME channel model in Clause 8
	Selected as defined by

SCME channel model in Clause 8

	Ability to control angular spread
	no
	no
	Yes2
	Yes2

	Power delay profile
	Single tap exponential decay
	Selected as defined by 
channel model in Annex C
	Selected as defined by

SCME channel model in Clause 8
	Selected as defined by

SCME channel model in Clause 8

	Ability to control power delay profile
	Exponential decay only2,3
	Yes2
	Yes2
	Yes2

	UE speed
	Approximately 1Km/h
	30Km/h
	30Km/h
	30Km/h

	Ability to control UE speed
	No
	Yes2
	Yes2
	Yes2

	UE direction of travel
	No
	No
	120º as specified in Clause 8
	120º as specified in Clause 8

	Ability to control direction of travel
	No
	No
	Yes2
	Yes2

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

	BS antenna configuration
	Uncorrelated
	Selected as defined in Clause 8.5
	Selected as defined in Clause 8.5
	Selected as defined Clause 8.5

	Ability to control BS antenna configuration
	No
	Yes2
	Yes2
	Yes2

	XPR (defined in Clause 8.2)
	N/A
	N/A
	9dB
	9dB

	Theta/Phi ratio13
	0dB on average
	0dB on average
	0.83 dB for SCME UMi

8.13 dB for SCME UMa
	0.83 dB for SCME UMi

8.13 dB for SCME UMa

	Ability to control XPR and Theta/Phi13
	No
	No
	Yes2
	Yes2

	MIMO OTA attributes not yet tested
	

	Ability to control noise and  
interference direction
	Limited4
	Limited4
	Yes2
	Yes2

	DUT size constraints
	Depends on chamber size5 
and stirrer size
	Depends on chamber size5 
and stirrer size
	Depends on chamber size5, and

number of active antenna probes and

channel emulator ports to fit

required active antenna probes
	Depends on chamber size5
(SISO chamber quiet zone)

	Other Considerations
	

	Non-intrusive test mode for DUT 
antenna pattern measurement
	Not required
	Not required
	Not required
	Required

	Ability to distinguish performance based on 
device orientation  relative to the field
	No
	No
	Yes
	Yes

	Major equipment elements for MIMO OTA
 test setup (all need MIMO BS emulator)
	MIMO capable reverberation chamber
	MIMO capable reverberation chamber

and channel emulator
	MIMO capable anechoic chamber to fit

antenna probes and channel emulator
	SISO anechoic chamber with

additional antenna

and channel emulator

	Number of channel emulator ports7
	N/A
	4
	166
	2

	DUT antenna polarization discrimination8
	No
	No
	Yes
	Yes

	DUT Antenna radiation pattern adaptation, 

performance discrimination
	Feasibility study not yet performed
	Feasibility study not yet performed
	Yes9
	Feasibility study not yet performed10

	Number of independent measurements
	1 after sufficient number of

stirrers states to ensure isotropy12
	1 after sufficient number of

stirrers states to ensure isotropy12
	12 device rotations

for 2D evaluation
	Measurement of radiation pattern

in 1st stage and measurement in radiated

stage for 12 rotations for 2D evaluation

	Note 1: 
Random distribution of angles of arrival. Isotropy is achieved after sufficient amount of test time as per Annex C

Note 2: 
Requires validation

Note 3: 
PDP modification will require new loading of chamber

Note 4: 
Feasibility study under progress

Note 5: 
Chamber size depends on the size of the UE and the frequency of the test

Note 6: 
Minimum setup configuration as per table 6.3.1.1-1

Note 7: 
Configuration reflects what has been tested. Optimization may be possible

Note 8: 
Assuming that correlation, gain imbalance, total efficiency are equivalent among DUT, purely isolating antennas polarization

Note 9: 
Based on preliminary feasibility study

Note 10: 
It will require DUT feedback mechanism

Note 11: 
3D is possible without new test setup if 3D channel models are specified. It requires validation

Note 12: 
Isotropy is achieved after sufficient amount of isotropic states as per Annex C. 
The guideline for TRS, number of independent samples should be larger than 100, preferable 200 or 400 (3GPP TS 34.114 [4])
Note 13: 
In the azimuth plane Theta/Phi reduces to V/H


2.
Proposal
The changes presented above are implemented in the associated CR in [5].
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