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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 use cases (positioning) discussed here are applicable for all methodologies, however the orientation and rotations described may be applicable for some methodologies only, and not for some other methodologies.
E.2
Testing environment conditions

Table E.2-1 below lists the testing environment conditions along with a diagram and applicable references.

The reference coordinate system and orientation of devices in that coordinate system is shown in Figure E.2-1 below, which includes the mechanical alignment of a phone. 
For tablets the home button, charging connector and similar components can be used to define top and bottom. 
For laptops the definitions specified in 3GPP TR 25.914 [11] (and repeated here in Table E.2-1) are used. 
In the case of methodologies utilizing a spatial channel model in Figure E.2-1, the X axis points towards the channel model reference. For example in the case of an anechoic chamber utilizing 2D antenna array in the azimuth plane 
(XY plane from Figure E.2-1) this is the direction of the first probe at 0 degrees as shown in Figure 6.3.1.2.1-2.
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Figure E.2-1: Reference coordinate system and reference device orientation

<editor’s note: it has been agreed to align the reference coordinate system in Figure E.2-1 with the coordinate system used in the CTIA test plan; an update of this Annex to reflect these changes, including an update to testing environment conditions in Table E.2-1, is needed>
First the terminology used below is defined here. Where possible consistency with [11], [17], [18] and [9] is sought.

Use Case (Position): the use case (position) indicates how the DUT is related to its environment. This includes the following example use cases: free space, beside head, beside head and hand, hand only etc. 
Note that formerly this has been referred to as position in [4] as well as in [9]. Since to date only isotropic metrics have been used (TRP/TRS) the definition of positioning the device for a certain use case has been equivalent to orienting it relative to the environment. With the introduction of spatial channel models, the positioning for a specific use case has to be separated from the actual orientation relative to the spatial incoming signals. For some methodologies not utilizing spatial channel models this distinction might not be necessary.
Orientation: The orientation of the device in three dimensional space is defined using the three Euler angles – Ψ-yaw; Θ-pitch; Φ-roll as defined in [17] and [18] and linked to the reference coordinate systems and reference orientation from Figure E.2-1. Note that for most use cases practical considerations of how to position the DUT together with the phantom may determine the DUT orientation.


Rotation: Once positioned for a specific use case and oriented within the reference coordinate system, the DUT and phantom are rotated within the test zone to measure the performance under various spatial channel illuminations. The rotation is defined with the same Euler angles but expressed as vectors of equal size. An example is given below:

EXAMPLE: 
Consider a DUT measured in an anechoic chamber as described in Clause 6. 
To measure the free space use case in the YZ plane (see Table E.2-1) for example at every 30 degrees the rotation vectors would be as follows:

Ψ = [0 0 0 0 0 0 0 0 0 0 0 0] -  a vector of 12 zeros indicating no rotation from the reference position for any phi value below
Θ = [90 90 90 90 90 90 90 90 90 90 90 90] – a vector of 12 values equal to 90 indicating a constant tilt of 90 degrees for all phi values below
Φ = [0 30 60 90 120 150 180 210 240 270 300 330] – a vector of 12 distinct rotations from the reference position representing a rotation along the azimuth plane with a step of 30 degrees.

These vectors unambiguously define that the DUT is to be oriented with the screen up and rotated in azimuth every 30 degrees.
The principal antenna pattern cuts (XY plane, XZ plane, and YZ plane) are defined in [17].  
The XY plane cut corresponds to the absolute throughput testing condition applied to the CTIA reference antennas for the IL/IT activity.  They XZ plane and YZ plane cuts are shown for completeness and are not required for the absolute data throughput framework.  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 possible testing environment conditions for devices supporting DL MIMO data reception
	DUT type and dimensions
	Testing condition
	DUT orientation angles
	Diagram

	Handset, tablet, CTIA reference antennas
	XY plane or P0
	Ψ=0; Θ=0; Φ=0
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	Handset, tablet, CTIA reference antennas
	XZ plane or L0
	Ψ=90; Θ=0; Φ=0
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	Handset, tablet, CTIA reference antennas
	Free space data mode screen up (FS DMSU) or
YZ plane or Face Up
	Ψ=0; Θ=90; Φ=0
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	Handset, tablet
	Face Down
	Ψ=0; Θ=-90; Φ=0
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	Handset, tablet
	Free space data mode portrait (FS DMP)
	Ψ=0; Θ=45; Φ=0
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	Handset, tablet
	Free space portrait tilt down
	Ψ=0; Θ=-45; Φ=0
	<editor’s note: diagram to be included>

	Handset, tablet
	Free space data mode landscape (FS DML)
	Ψ=90; Θ=45; Φ=0 – left tilt
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	Handset, tablet
	Free space landscape tilt down
	Ψ=90; Θ=-45; Φ=0 – left tilt
	<editor’s note: diagram to be included>

	Handset, width < 56mm
	Left/right hand narrow phantom data mode portrait (LH/RH DMP)
	Ψ=0; Θ=45; Φ=0
	[image: image8.png]




	Handset, 56 mm < width < 72 mm
	Left/right hand PDA phantom data mode portrait (LH/RH DMP)
	Ψ=0; Θ=45; Φ=0
	

	Handset width < 56 mm
	Beside head and hand right/left (BHHR/BHHL)
	Ψ=60; Θ=6; Φ=-90 – right side9
Ψ=-60; Θ=-6; Φ=90 – left side
	[image: image9.png]




	Handset 56 < width < 72 mm
	Beside head and hand right/left (BHHR/BHHL)
	Ψ=60; Θ=6; Φ=-90 – right side

Ψ=-60; Θ=-6; Φ=90 – left side
	

	LME
	Laptop ground plane phantom
	Ψ=0; Θ=0; Φ=0
	[image: image10.emf]

	LEE
	XY plane
	Ψ=0; Θ=0; Φ=0
	[image: image11.emf]

	NOTE 1:
The orientation angles given in the table define a set of use cases and orientations relative to the spatial channel model. The rotation angles to be used for measurements are FFS. Methodologies not utilizing spatial channel models might not need to define any rotations but are expected to measure for the given use cases.
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 DMP, other pitch positions can be considered FFS.

NOTE 4:
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 5:
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 6:
Left/right/both hand phantoms for the DML usage scenario are not currently defined in 3GPP; until these phantom designs become available, is possible to only define a DML usage scenario in free space.

NOTE 7:
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 8:
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.

NOTE 9:
The orientation angles for the talk mode position are only approximate. The phone positioning is defined as in [11] and in [9] relative to the SAM phantom.


	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


	

	
	
	

	
	

	
	
	
	

	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	










The Data Mode Portrait (DMP) conditions are defined in TR 25.914 [11], and are included 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].  This testing condition considers free space for all handset sizes until a DML phantom design becomes available, at which time the testing condition will be revisited.

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).

Given a 2D ring of symmetrically distributed probes (as in Clause 6):

· 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 it – see Figure E.2-2
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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
E.2.1
MPAC Positioning Guidelines

In order for the anechoic chamber multi probe system to emulate the intended propagation statistics within the region of space incident on the DUT antennas, two concepts determine the associated antenna spacing and positioning guidelines.  The maximum antenna spacing in the DUT must be within the limit determined by the anechoic chamber multi probe system’s ability to emulate the spatial correlation function, and the power stability of the field incident on the DUT antennas must be verified.
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Figure E.2.1-1: Illustration of DUT antenna spacing and positioning guidelines;
a) guideline in this specification, b) example with DUT meeting the maximum allowed antenna separation but not within the verified power stability region
As the channel model validation procedures for spatial correlation as defined in clause 8.3.2.3 are to be performed at the downlink center frequency in 3GPP TS 36.508 [19], the maximum antenna spacing in the DUT shall be defined by the wavelength per operating band center frequency of the middle channel of the downlink at the band under test.  A verification of power stability can be derived from the spatial correlation verification results in clause 8.3.2.3.  Given that this verification spans a region with a diameter of 1 wavelength centered on the axis of rotation in the chamber and that the performance demonstrated by multiple 8 dual-polarized probe MPAC implementations in clause 8.4.4 has shown good alignment up to 0.85 lambda for SCME UMi, the region where DUT antennas shall be placed (the MIMO OTA test zone) shall be defined in the same way (see Figure E.2.1-1a above) but further confined by the 0.85 lambda antenna separation limit for SCME UMi.  Figure E.2.1-1b above provides an example of a DUT meeting the maximum allowed antenna separation but not within the verified power stability region; this placement of a DUT shall not be used. The optimization of the maximum allowed antenna spacing of the DUT and the verification of the test zone, as well as SCME UMa considerations, are expected as part of future work.
The region of uniform power delivered by the MIMO system (unverified) as shown in Figure E.2.1-1 is an indication of the region where the wavefront may maintain its uniformity. Therefore, it may be used to extend the test volume but is not allowed at this time. It is considered unverified because the validation of spatial correlation provides a verification that spans a region of 1 lambda. Any further extension of the verified test volume would require an update to the spatial correlation validation in clause 8.3.2.3.
The DUT maximum antenna spacing and placement within the test zone shall be defined by the following two-tier methodology due to the primary radiation modes below 1 GHz and above 1 GHz and how they relate to the device and/or antenna size.

When operating in frequency bands lower than 1GHz, the physical center of the DUT shall be placed in the chamber center, the DUT shall be completely contained within the volume defined by the respective operating band equivalent to a sphere with a radius equal to 0.425 wavelength as defined in Tables E.2.1-1 and Tables E.2.1-2 for SCME UMi.
When operating in frequency bands higher than 1 GHz the equidistant physical point between the DUT MIMO antenna system shall be placed in the chamber center following guidance defined in Figure E.2-2 and the DUT MIMO antenna system (further physical dimension or both antennas’ maximum E-field regions) shall be completely contained within the volume defined by the respective operating band equivalent to a sphere with a radius equal to 0.425 wavelength defined in Tables E.2.1-1 and Tables E.2.1-2 for SCME UMi. The definition of the equidistant point between the DUT MIMO antennas shall be provided through manufacturer declaration for all operating bands where the maximum antenna separation requirement has been met. The location of the equidistant point(s) for each operating band shall be identified by the manufacturer by either marking the device utilized for MIMO OTA testing or by providing clear instructions to the test operator as to the physical location(s).
The two-tier approach is needed to be technically correct when defining the MPAC test volume. While the geometric center can be used in frequencies lower than 1GHz, the same methodology will add unnecessary limitations for test applicability in frequencies above 1GHz. In this case, manufacturers will need to provide further information to enable the proper definition of the test volume. Ideally, the same approach adopted in frequencies above 1 GHz could be used for all frequencies. However, the extra positioning work and need to identify the equidistant point between the DUT MIMO antennas isn't necessary for frequencies under 1GHz since the wavelength dimension is large enough for all handsets, phablets, and most tablets and laptops.
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Figure E.2-2: Definition of distance between MIMO antennas and DUT center, maximum physical separation, or E-field maximum separation defined by manufacturer
Table E.2.1-1: Test zone dimension definition vs. FDD band of operation
	Band
	DL middle channel frequency (MHz)
	0.85*Wavelength (m) middle channel
	Test volume sphere radius (m)

	1
	2140
	0.119
	0.060

	2
	1960
	0.130
	0.065

	3
	1842.5
	0.138
	0.069

	4
	2132.5
	0.119
	0.060

	5
	881.5
	0.289
	0.145

	6
	880
	0.290
	0.145

	7
	2655
	0.096
	0.048

	8
	942.5
	0.270
	0.135

	9
	1862.4
	0.137
	0.068

	10
	2140
	0.119
	0.060

	11
	1485.9
	0.171
	0.086

	12
	737.5
	0.346
	0.173

	13
	751
	0.339
	0.170

	14
	763
	0.334
	0.167

	17
	740
	0.344
	0.172

	18
	867.5
	0.294
	0.147

	19
	882.5
	0.289
	0.144

	20
	806
	0.316
	0.158

	21
	1503.4
	0.169
	0.085

	22
	3550
	0.072
	0.036

	23
	2190
	0.116
	0.058

	24
	1542
	0.165
	0.083

	25
	1962.5
	0.130
	0.065

	26
	876.5
	0.291
	0.145

	27
	860.5
	0.296
	0.148

	28
	780.5
	0.326
	0.163

	29
	722.5
	0.353
	0.176

	30
	2355
	0.108
	0.054

	31
	465
	0.548
	0.274

	32
	1474
	0.173
	0.086


Table E.2.1-2: Test zone dimension definition vs. TDD band of operation
	Band
	DL middle channel frequency (MHz)
	0.85*Wavelength (m) middle channel
	Test Volume Sphere Radius (m)

	34
	2017.5
	0.126
	0.063

	35
	1880
	0.136
	0.068

	36
	1960
	0.130
	0.065

	37
	1920
	0.133
	0.066

	38
	2595
	0.098
	0.049

	39
	1900
	0.134
	0.067

	40
	2350
	0.108
	0.054

	41
	2593
	0.098
	0.049

	42
	3500
	0.073
	0.036

	43
	3700
	0.069
	0.034

	44
	753
	0.338
	0.169


The positioning of the device under test within the test volume shall be set as defined above and in Clause 9.4.

The environmental requirements for the device under test shall be set as defined in Annex D.
<<unchanged text omitted>>

