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1
Introduction
During the RAN #66 meeting a new Work Item was approved to develop radiated 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].
In this paper we present a number of observations associated with the definition of test cases for MIMO OTA.
2
Discussion

Considering the MPAC measurement system, a typical set of results from a DUT is a set of throughput curves corresponding to a single DUT position (as defined in Annex E of TR 37.977 [3]) and a specific channel model, where each curve represents the device performance for the given azimuth orientation.
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Figure 1: Example of MPAC throughput data

Each throughput curve may be characterized by a single value representing the downlink power necessary to achieve a percentage of the maximum of the given RMC.  In Figure 1 above the 95% point is illustrated.

Observation 1: Given a DUT position, as defined in terms of Euler angle rotations in Annex E of TR 37.977, a meaningful performance metric is based on the outage points derived from the throughput curves associated with the DUT azimuth rotations.

Observation 2: The throughput values associated with the outage values of interest should be [70% or 95%] of the maximum achievable throughput for the given RMC.

In an effort to derive a metric that is representative of the possible azimuth rotations of the DUT relative to the spatial environment under test, an average metric is desired for the performance criterion of the DUT.  Although in the TRS test [2] an inverse averaging scheme is used to define TRS, using such an approach may not be optimal for MIMO OTA.  Unlike the TRS test, where the performance metric is directly related to the antenna pattern of the DUT, and where the assignment of unequal weights to the values making up the surface integral makes sense from the point of view of smoothing out the pattern nulls, in the MIMO OTA test each azimuth rotation of the DUT should be treated as equally likely.  Figure 2 below illustrates the associated observations.
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Figure 2: Example of calculating the MPAC figure of merit

Observation 3: A linear averaging (in the linear power domain) approach across the outage points derived per throughput curve is recommended; a suggested term for the results is “MIMO average radiated power sensitivity.”
Observation 4: In additional to an average, it is useful to report the worst (maximum) sensitivity performance of the DUT and to assign a maximum threshold to the requirement in a similar manner to the existing TRS requirement; a suggested term for the result is “MIMO maximum radiated power sensitivity.”
Observation 5: The variability of OTA performance across the band may be an important consideration in defining MIMO OTA performance requirements.  One possibility is to retain the structure of the existing TRS formulation (namely, test the low, middle, and high channels in a given band), whereas another possibility is to restrict the test to the center channel only.  However, test time of existing MIMO OTA measurement systems may make the testing of all three channels prohibitive in practice.  It is recommended to test only the middle channel while recognizing that the TRS test will remain in the specifications for the foreseeable future, and this test can capture the variability of the DUT’s OTA performance across the entire band.
A survey on user interaction for data throughput was performed among the major players in the operator and OEM communities [5] and is summarized below:
Using a cut–off of 3 or greater one can see from the table that the weighted average is higher than 3 for three cases. Please, remember that the grade 3 is the median of the grades to be selected so it is neither of highest importance nor of least importance. 

· Portrait 45° tilt up (average 4,7)

· Landscape 45° tilt up (average 4,4)

· Face up (average 3,4)
Observation 6: Based on operator and OEM survey results, two DUT positions have been characterized as most useful with a third position as a possibility.  In the Annex E of TR 37.977 terminology, these are free space (FS) data mode portrait (DMP), FS data mode landscape (DML), and the YZ plane principal cut.  It is recommended that the two most useful positions be selected for the performance phase of the WI.
The positioning of the DUT for the test is specified in Annex E of TR 37.977.  Figure 3 below clarifies the initial phone orientation.

a)[image: image3.jpg]Length of the phone

Width of the phone

<&
el
Y
-Y &
&
g
&/
!
!
‘

w4

Top of thle phone

———

/
/

S
&

Bottom bf Phone

|
oowny 7

- Points to the channel

model reference (if
applicable)



b) [image: image4.jpg]Length of the phone

z z z

Straight u|

—

Back of

Landscape mode, Left tilt Landscape mode, Right tilt

Bottom of Phone

&
$
§

&

&
S
&
SV x
&




Figure 3: Phone orientation for testing

Table 1 below highlights the orientation conditions relevant to this proposal.

Table 1: DUT orientation conditions

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

	Handset, width < 56mm
	Data mode portrait (DMP)
	Left and Right hand narrow DUT phantom
	Ψ=0; Θ=453; Φ=0
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	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)6
	Free space DML
	Ψ=90; Θ=45; Φ=0 – left tilt7
Ψ=-90; Θ=45; Φ=0 – right tilt7
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	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 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.


Observation 7: The initial DUT orientation for testing and the Euler angle definition of the two test cases, as defined in Annex E of TR 37.977, are highlighted in this discussion.

Observation 8: TR 37.977 currently has defined two channel models for the MPAC methodology:  SCMe UMa and SCMe UMi.  It is desired to down-select these models to one in the interest of test time reduction.
Combining the observations above, Table 2 below illustrates the potential structure of MIMO OTA requirements.
Table 2: Potential structure of MIMO OTA requirements

	Test case
	Band
	DL Channel
	Channel model
	MIMO average radiated power sensitivity
	MIMO maximum radiated power sensitivity

	FS DMP
	LTE X
	Middle
	[UMa or UMi]
	TBD
	TBD

	FS DML
	LTE X
	Middle
	[UMa or UMi]
	TBD
	TBD

	FS DMP
	LTE Y
	Middle
	[UMa or UMi]
	TBD
	TBD

	FS DML
	LTE Y
	Middle
	[UMa or UMi]
	TBD
	TBD


Observation 9: To further align with the existing structure of TRS requirements, it may be useful to include a set of recommended values associated with each test case.  Further discussion on this topic may be helpful.
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