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1.
Introduction
The evaluation of MIMO OTA methodologies has progressed according to the methodology described in TR 37.977 [1] and the CTIA Inter-Lab/Inter-Technique test plan [2].  During the RAN4 #66bis meeting a Way Forward was approved that lists the steps necessary toward completion of the Work Item [3].  One of the pending items is the definition and approval of testing environment conditions for a DUT.

This contribution proposes testing environment conditions for a DUT corresponding to the DUT type and its appropriate usage modes.  A further discussion on this topic is presented in [4].
2.
Proposal
It is proposed to approve the text proposals presented in Section 4 of this document.  The proposal is split into three parts:
1. New Annex E describing the DUT orientation conditions
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Text Proposal
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Annex E: DUT Orientation Conditions
E.1 Scope
This annex lists the testing environment conditions for all DUT types relevant to MIMO OTA testing. The implementation of each device positioning for each methodology is FFS.
E.2
Testing Environment Conditions
Table E.2-1 below lists the testing environment conditions along with a diagram and applicable references.

We begin by specifying the reference coordinate system and orientation of devices in that coordinate system. Since device orientation in a directive multipath environment experiences variation in performance primarily due to its radiation pattern it makes sense to use the existing antenna and antenna measurement terms in [17]. Several mechanical references are needed to properly specify the reference device orientation within the reference coordinate system. For mobile phones we define the mechanical alignment to the reference coordinate system as in Figure E.2-1. For tablets the home button, charging connector and similar can be used to define top and bottom. For laptops use the definitions specified in [11] (and repeated here in Table E.2-1).
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Figure C.4-1: Reference device orientation

The principal antenna pattern cuts (XY plane, XZ plane, and YZ plane) are defined in the IEEE.149-1979.R2008 [17].  The XY plane cut corresponds to the absolute throughput testing condition we have applied to the CTIA reference antennas for the IL/IT activity.  These testing conditions may not be applicable to the absolute throughput activity within this Work Item and are shown here for completeness.  The YZ plane cut corresponds to a device positioned with its screen up in a USB/WLAN tethering scenario and may be a useful testing point for handset devices expected to achieve performance metrics under such usage conditions.

Table E.2-1: Summary of proposed testing environment conditions for devices supporting DL MIMO data reception

	DUT type and dimensions
	Usage mode
	Testing condition
	DUT orientation angles1
	Diagram
	Reference

	CTIA reference antennas2
	Absolute throughput in free space, XY plane3
	XY plane
	Ψ=0; Θ=0; Φ=0
	[image: image2.emf]
	[17]

	CTIA reference antennas2
	Absolute throughput in free space, XZ plane3 
	XZ plane
	Ψ=90; Θ=0; Φ=0
	[image: image3.emf]
	[17]

	CTIA reference antennas2
	Absolute throughput in free space, YZ plane3
	YZ plane
	Ψ=0; Θ=90; Φ=0
	[image: image4.emf]
	[17]

	Handset, any size
	Data mode screen up flat4
	
	
	
	


	Handset, width < 56mm
	Data mode portrait (DMP)
	Left and Right hand narrow DUT phantom
	Ψ=0; Θ=453; Φ=0
	[image: image5.jpg]



	[11],[18], CTIA Test Plan for Wireless Device OTA Performance, V 3.2

	Handset, 56 mm < width < 72 mm
	
	Left and Right hand PDA phantom
	
	
	

	Handset, width > 72mm
	
	Free space DMP
	
	
	


	Handset, dimensions FFS


	Data mode landscape (DML)5
	Free space DML
	Ψ=90; Θ=45; Φ=0 – left tilt6
Ψ=-90; Θ=45; Φ=0 – right tilt6
	[image: image6.jpg]



	[18]

	LME
	Free space with ground plane phantom
	XY plane
	Ψ=0; Θ=0; Φ=0
	[image: image7.emf]
	[11]

	LEE
	Free space
	XY plane7
	Ψ=0; Θ=0; Φ=0
	[image: image8.emf]
	[11], CTIA Test Plan for Wireless Device OTA Performance, V 3.2


Note 1: Rotation is defined in Euler rotation angles, where Ψ denotes rotation around the X axis (yaw), Θ denotes rotation around the Y axis (pitch), and Φ denotes rotation around the Z axis (roll) [18]

Note 2: The CTIA reference antennas have been defined for inter-lab inter-technique testing for the purposes of comparing MIMO OTA methodologies
Note 3: For DMT, other pitch positions can be considered FFS.
Note 3: The absolute throughput usage mode is defined only within the framework of the CTIA reference antennas and is used for comparison of results within/across MIMO OTA methodologies

Note 4: Screen up flat positioning reference corresponds to a possible USB/WLAN tethering case, details of implementing this DUT orientation condition such as additional cabling, etc., are FFS.
Note 5: Left/right/both hand phantoms for the DML usage scenario are not currently defined in 3GPP; until these phantom designs become available, we can only define a DML usage scenario in free space.

Note 6: For a symmetric 2D coverage of testing points in azimuth, DML left and right tilts are expected to produce identical results in free space.  Once phantom designs become available, we expect the interaction of the phantom with the antennas to be dependent on the tilt

Note 7: The 110 degree angle of the notebook screen opening is a standard reference for all measurements of antennas embedded in notebooks; as a result, the LEE measurement in free space is the principal XY plane cut with respect to this reference

Next we consider the handset data mode testing conditions:  data mode portrait (DMP) conditions are well defined in TR 25.914 [11], and it is worthwhile to include them in this table for completeness.  The data mode landscape (DML) testing conditions are not currently defined in any standard testing methodology but benefit from a thorough treatment in academic literature [18].  We recommend including this testing condition in free space for all handset sizes until a DML phantom design becomes available, at which time we may revisit the definition of this testing environment condition.

The laptop mounted equipment (LME) and laptop embedded equipment (LEE) testing conditions are well defined in TR 25.914 [11] and constitute an XY plane cut measurement, given the proper orientation of the lid of the laptop ground plane phantom (in the case of LME) or of the laptop itself (in the case of LEE).

Few observations and clarifications might be required for the DML mode. Here we assume 2D ring of symmetrically distributed probes.

· Note that the XZ plane is similar to the DML mode except for the additional 45 degrees pitch in the DML case.

· For the phantom case the tilt of the DML case is very relevant since the interaction of the phantoms with the antennas will depend on in – see Figure C.4-2

· For a full 3D measurement system capable of generating directive incoming power the tilting will be relevant in free space as well.
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Figure E.2-2: Left and Right tilts for landscape mode with left hand phantom shown to interact differently with the antennas depending on the tilt.
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