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	Abstract:
	This contribution proposes testing environment conditions for a DUT corresponding to the DUT type and its appropriate usage modes.  Within the framework of the CTIA reference antennas we illustrate the application of some of the proposed testing conditions in a case study example based on spatially filtered SCMe channel model statistics.


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.  Within the framework of the CTIA reference antennas we illustrate the application of some of the proposed testing conditions in a case study example based on spatially filtered SCMe channel model statistics.

2.
Discussion
2.1.
Proposed Environment Testing Conditions
After having completed the Inter-Lab Inter-Technique (IL/IT) testing activity [2] and after achieving a reasonable measure of confidence in the multi-probe anechoic chamber methodology’s ability to reproduce the SCMe fading environment within the test volume around a DUT, we can consider the full set of possible testing environment conditions for a range of DUT types and usage modes.  

Table 1
 below lists 9 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 [5]. 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 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 [8] (and repeated here in Table 1).
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Figure 1 – Reference device orientation

The principal antenna pattern cuts (XY plane, XZ plane, and YZ plane) are defined in the IEEE.149-1979.R2008 [5].  The XY plane cut corresponds to the absolute throughput testing condition we have applied to the CTIA reference antennas for the IL/IT activity (please refer to Section 2.2 below for additional details).    These testing conditions may not be applicable to the absolute throughput activity within this Work Item and are shown here for completeness; Section 2.2 below explores the XZ plane cut results as a useful case study.  The YZ plane cut corresponds to a device positioned with its screen up in a USB/WLAN tethering scenario and is a useful testing point for handset devices expected to achieve performance metrics under such usage conditions.
Table 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]
	[5]

	CTIA reference antennas2
	Absolute throughput in free space, XZ plane3 
	XZ plane
	Ψ=90; Θ=0; Φ=0
	[image: image3.emf]
	[5]

	CTIA reference antennas2
	Absolute throughput in free space, YZ plane3
	YZ plane
	Ψ=0; Θ=90; Φ=0
	[image: image4.emf]
	[5]

	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=45; Φ=0
	[image: image5.jpg]



	[6],[7],[8],[9]

	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]



	[9]

	LME
	Free space with ground plane phantom
	XY plane
	Ψ=0; Θ=0; Φ=0
	[image: image7.emf]
	[6],[7],[8]

	LEE
	Free space
	XY plane7
	Ψ=0; Θ=0; Φ=0
	[image: image8.emf]
	[6],[7],[8]


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) [9]
Note 2: The CTIA reference antennas have been defined for inter-lab inter-technique testing for the purposes of comparing MIMO OTA methodologies [1], [2] 

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 [1], [2]
Note 4: Screen up flat positioning reference corresponds to a possible USB/WLAN tethering case

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 [7], 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 [9].  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 [7] 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 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 2 – Left and Right tilts for landscape mode with left hand phantom shown to interact differently with the antennas depending on the tilt.

2.2.
Case Study with CTIA Reference Antennas: Definitions
In the context of CTIA Reference Antennas, Section 3.5 in [2] defines the testing environment condition for the multi-probe anechoic chamber methodology as a single XY plane cut of the CTIA reference antenna in free space (is shown in Figure 3 below).

Note that the CTIA reference antennas are not defined in the same reference orientation as the one described above. It is here proposed that this be corrected. Also when we speak about XY and XZ planes below the reference orientation from Figure 1 was used and not the definition in Figure 3. 
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Figure 3: DUT environment testing condition defined in [2]
This contribution leverages the terminology defined in the IEEE Standard Test Procedures for Antennas [5] to define two testing environment conditions corresponding to two typical usage modes of the DUT as the XY plane and XZ plane cuts of the standard spherical coordinate system used in antenna measurements.  We also provide selected simulation results of SCMe channel model statistics when filtered by the CTIA Reference Antenna patterns in the two proposed testing environment conditions.

In terms of IEEE.149, this condition is analogous to the XY plane cut of the antenna pattern, as shown in Figure 4 below.

[image: image11.emf]
Figure 4: Illustration of the XY plane cut [5]
The XZ plane cut is shown in Figure 5 below.
[image: image12.emf]
Figure 5: Illustration of the XZ plane cut [5]
These two principal plane cuts are the focus of the case study in Section 2.3:  we apply the plane cuts of the CTIA reference antenna patterns as spatial filters to the SCMe channel model and calculate the relevant MIMO channel statistics as shown in [10].
2.3.
Case Study with CTIA Reference Antennas: Selected Simulation Results

To validate the proper cut selection in the simulation engine, we provide the plots below as illustrations of the antenna patterns in Band XIII.  Figure 6 below shows the XY plane and XZ plane cuts of the CTIA BAD antenna 1.  The three figures corresponding to each cut display the vertical polarization, horizontal polarization, and total responses, respectively.  The antenna responses are plotted on a dB scale.
The XY plane cut of CTIA BAD antenna in Figure 6 below indicates peaks and nulls in the response; the antenna had been designed for operation in this orientation, and we have previously quantified the statistics of the SCMe channel models spatially filtered by this response in [10].
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Figure 6: XY plane and XZ plane cuts of the CTIA BAD antenna 1 in Band XIII
The XZ plane cut of CTIA BAD antenna 1 illustrates the response of the antenna after it had been rotated into the XZ plane position as illustrated in Figure 5.  In this testing environment condition the antenna attenuates a vertically polarized incident field by at least 40 dB:  we expect this result since the antenna was not designed to operate in this orientation.
Figure 7 below shows very similar performance of the CTIA BAD antenna 2.
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Figure 7: XY plane and XZ plane cuts of the CTIA BAD antenna 2 in Band XIII

Figures 7 and 8 below illustrate the pattern cuts for the CTIA NOMINAL antennas.  We observe poorer performance in the vertically polarized components of the XZ plane cuts.
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Figure 8: XY plane and XZ plane cuts of the CTIA NOMINAL antenna 1 in Band XIII
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Figure 9: XY plane and XZ plane cuts of the CTIA NOMINAL antenna 2 in Band XIII

Figures 9 and 10 below illustrate the cuts for the CTIA GOOD antennas.  We observe poorer performance in the vertically polarized components of the XZ plane cuts.
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Figure 10: XY plane and XZ plane cuts of the CTIA GOOD antenna 1 in Band XIII
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Figure 11: XY plane and XZ plane cuts of the CTIA GOOD antenna 2 in Band XIII

With the spatial filtering function defined by the XZ plane cuts of the antenna patterns above we generate the CIR ensembles and apply the statistical analysis described in [10].
Figure 12 below illustrates the Band XIII SCMe UMa single cluster results.
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Figure 12: Band XIII, SCMe UMa single cluster, XZ plane cuts
The notation of the figure titles refers to all single cluster scenarios with a suffix “S-35” to indicate the angular spread of 35 degrees of the single cluster.  All three antenna sets indicate nearly total overlap in the received power per branch curves.  The average power over all DUT rotations is significantly lower for BAD and NOMINAL antennas than in the XY plane cut case (Figure 2 in [10]).  With this degree of pattern overlap the branch power ratio for all three antenna sets is below 2 dB for all DUT rotations, and envelope correlation is the driving factor in the channel condition number.  The BAD antenna yields a singular channel for all DUT orientations, and the NOMINAL antenna yields a nearly singular performance at the 0 degree DUT orientation.
We next turn to the results for the UMa multi-cluster channel in Band XIII (Figure 13 below).
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Figure 13: Band XIII, SCMe UMa multi-cluster, XZ plane cuts
The overlap in the gain patterns of all antenna sets translates to the BPR being below 1 dB for all DUT orientations.  With the envelope correlation the dominant factor in channel conditioning we observe a fully singular channel for the BAD antenna and peaks in the condition number curves occurring at DUT rotations for which the envelope correlation reaches a value of 0.7.
With the received power per branch and condition number results we can expect low throughput for the environment testing condition where the CTIA reference antennas are tested in an XZ plane configuration; furthermore, the swings in condition number results (even for the GOOD antenna) are expected to contribute to fluctuations in throughput vs. DUT orientation.
By applying the spatial filtering analysis to the CTIA reference antennas in an XY plane testing environment condition we observed expected conditioning of the MIMO channel matrix in line with the intent of the antennas’ design.  By applying the same analysis to the antennas in an alternative testing environment condition represented by the XZ plane cut of the patterns we observed that the BAD and NOMINAL antennas do not function well in terms of received power per branch and channel conditioning, thereby revealing their design limitations.  This result, confirmed by the CTIA reference antennas, serves to motivate the need for the methodical definition of testing environment conditions.  Assuming the CTIA reference antennas were an actual phone mock-up design, the XY plane and XZ plane cut testing conditions in this case study would uncover fundamental design flaws in utilizing such antennas for a real phone.
3.
Proposal
We have identified environmental testing conditions for devices supporting DL MIMO data reception and motivated the value of testing MIMO devices under multiple testing conditions with a case study that utilizes the CTIA reference antennas.  Based on these results we propose the following:
1. To utilize the reference coordinate system defined in [5] and agree to the reference orientation described here for Annex B of TR 37.977 
2. To capture the proposed environmental testing conditions listed in Table 1 in Annex B of TR 37.977 (the implementation of this proposal has been submitted for approval in [11])
3. To initiate an activity to standardize data mode landscape hand phantoms that correspond to the DML testing environment conditions
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