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1
Introduction
During the RAN #71 meeting a new Work Item was approved to develop radiated performance requirements for the verification of multi-antenna reception performance of UEs [1]  This WI intends to capture the associated MIMO OTA requirements in TS 37.144 [2] which is the container for all UE and MS over the air performance requirements.  All aspects associated with measurement procedures and other definitions are contained in TR 37.977 [3].
This paper presents Intel’s views on test case parameters and the FoM.
2
Discussion

The initial positioning of the DUT for the test is specified in Annex E of TR 37.977.  Figure 1 below clarifies the initial phone orientation.
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Figure 1: Initial DUT (phone) orientation for testing

Figure 1a illustrates that the back of the DUT (this could be a phone, a notebook, or a tablet), is positioned toward the channel model reference.  In the MPAC system this is the 0 degree direction of the emulated spatial channel.

The testing positions have been identified in the WID as:
Select the UMi channel model, and inverse averaging (Option C in Clause 10.3 of TR 37.977) [1]
Option C is defined in TR 37.977 as [3]
	Option
	Channel models
	MPAC/RTS positions
	Averaging type

	C
	UMi, NIST, LCLD
	AVG {P 45,L 45,P 90}
	inverse


The emergence of these three testing positions in the operator guidance can be traced back to a phone usage survey reported during RAN4 #75 [4]:
As a part of the initiative to validate devices for data throughput testing, we are working on a test methodology in 3GPP and CTIA . In order to make this test representative and meaningful, we would like to assess how users typically interact with their phones while browsing, or while using data services, and VoIP services. As a part of this initiative, we have launched a quick survey. This survey lists some device positions and lists the typical conditions under which users normally interact with their mobile devices.
In the table we request you  to rank the different positions. Please, evaluate the importance of the orientations using the scale from 1 to 5 (1 being the least important to 5 being the most important). From your studies, if you feel certain orientations are missing, please feel free to list them as well. We request you to rank all orientations that are critical.   Currently, this survey is limited to mobile phones and phablets only. [4]
Thus, given that the harmonization outcome of the Rel-13 MIMO OTA WI was based on measurements of handsets in free space, the following test case parameters can be applied to the MIMO OTA performance requirement work:
· For handsets measured in free space, the performance requirement applies to the inverse average of the FoMs obtained across the DMP, DML, and data mode screen up (DMSU); Table 1 below illustrates these positions
· For DML, it is recommended to select the tilt direction as “left”

· The inverse averaging is defined as the inverse of the average of inverse mW values

Table 1 below highlights the orientation conditions relevant to this test case.

Table 1: DUT orientation conditions

	DUT type and dimensions
	Usage mode
	Testing condition
	DUT orientation angles
	Diagram

	Handset, width > 72mm
	Data mode portrait (DMP)
	Free space DMP
	Ψ=0; Θ=45; Φ=0
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	Handset, width > 72mm


	Data mode landscape (DML)
	Free space DML
	Ψ=90; Θ=45; Φ=0 – left tilt
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	Handset, width > 72mm
	Data mode screen up flat (DMSU)
	YZ plane
	Ψ=0; Θ=90; Φ=0
	[image: image5.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.


For handsets measured in browsing mode with hand phantoms, two aspects are not yet defined:
1. The applicability of the averaging outcome from the Rel-13 harmonization decision on handset results measured with hand phantoms is not clear
2. The development of a data landscape mode hand phantom has not yet begun in 3GPP

To further elaborate on #1 above, it is not well understood how an average result across three distinct usage conditions with phantoms yields a metric that is representative of user experience.  Given the selection of an inverse averaging scheme, it is quite possible to have a failing measurement in one of the three positions, yet a passing metric for the average.  Furthermore, LTE TRS with hand phantoms does not define an averaging approach for metrics measured with different phantoms.  Further discussion may be needed on these aspects, but it is also quite possible that performance requirements for handsets with phantoms may not fit into the current timeline of the Work Item.
The notebook testing conditions are described in Annex E of TR 37.977 in the following way:

	DUT type and dimensions
	Usage mode
	Testing condition
	DUT orientation angles
	Diagram

	LEE
	Free space
	XY plane
	Ψ=0; Θ=0; Φ=0
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For notebooks measured in free space, the following aspects are not yet clear:

1. The applicability of the handset testing conditions, which were selected based on handset harmonization data

2. The applicability of the averaging outcome

For tablets, the difficulty lies in their usage sometimes as a hybrid notebook device and sometimes as a handheld tablet device.  Considering the free space testing condition, it may be possible to directly apply the test case parameters from free space handsets to tablets.  However, if the notebook testing conditions are different, then a situation may arise where different interpretations of hybrid notebook/tablet devices may lead to different certification outcomes based on the performance measured under potentially different testing conditions.  Thus, it may be worthwhile to consider harmonizing the notebook and tablet testing conditions.
Further items for continued discussion on this topic include:
1. Exact description of the inverse averaging scheme as a formula in the test case parameter definition

2. Mapping of the two KPIs identified in the WID (70% and 95% throughput) to a single performance requirement

3. The selection/prioritization of channel models (SCMe UMa and SCMe UMi) for the performance work

4. The selection of the channel(s) to test per band

Further discussions on the above topics are expected to help the group make progress on test case parameter definitions.
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