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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 proposed definition of the MIMO OTA figure of merit.  Defining this metric for all methodologies will enable progress on the harmonization effort and will shape the work to develop the MIMO OTA performance requirements.
2.
Discussion

2.1
Proposed definition

We observe that in all MIMO OTA methodologies, the basic measurement of throughput vs. downlink power results in a family of throughput curves:  in the anechoic and two-stage methods, this family corresponds to the number of azimuth orientations of the DUT, and in the reverberation chamber methods this family corresponds to the stirring states of the chamber (where each state is a mode of propagation in the chamber associated with a stirring mechanism, such as paddle movements, etc.).

Starting with this observation, we let the RS EPRE value (in dBm) required to reach the desired percentage (70% in this example) of the peak throughput achievable at the mth DUT rotation (or the mth stirring state) be the effective throughput power sensitivity (ETPS70,m).  The process of determining the outage point value and the percentage value itself are two items which make up the alternative options in this proposal.  The MIMO total radiated power sensitivity (MTRPS) is computed in the same way that the total radiated sensitivity value (TRS) is derived from effective radiated sensitivity measurements across DUT rotations and is given by (1) below.
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This averaging method is another item that is part of the alternative options in this proposal.
The proposed figure of merit provides the following useful characterizations of the DUT performance:

· A visualization of ETPS vs DUT rotation can indicate the degree of uniformity of the DUT MIMO performance with rotation in the case of anechoic methodologies
· A visualization of the distribution of ETPS across all stirring states can indicate the degree of variability of the DUT MIMO performance across all possible UE orientations in the case of reverberation methodologies

· A resulting average metric can be used to develop performance requirements

2.2
FoM parameters for further study

There are three sets of parameters that specifically define the figure of merit:

1. The target percentage value for outage throughput

2. The method of determining the outage throughput value, given the target percentage

3. The method of averaging used to calculate the final metric
Given a target percentage value for outage throughput can be any value ranging from 1% to 99%.  Three alternatives have been discussed frequently:  70%, 90%, or 95%.  This proposal provides sample results calculated for 70% and 95% outage points, but this does not preclude the choice of a different outage percentage value.

Once the target percentage value for outage throughput is known, the method of determining the actual target throughput value (in Mbps) also has alternative definitions.  Two alternatives calculations have been described:  from theoretical maximum or from measured maximum.

The method of averaging used to calculate the final metric has three alternatives:  linear average of linear power, inverse average of inverse linear power, or median.

2.3
Illustration of FoM alternatives

Table 1 below lists the data sets used in this report.

Table 1: Data sets used in the FoM analysis

	Data Set
	Num Test Cases
	Notes
	Ref

	Intel IL/IT P2 results
	6
	SCMe UMaB/UMi with G/N/B CTIA reference antennas
	[5]

	Satimo IL/IT P2 results
	6
	SCMe UMaB/UMi with G/N/B CTIA reference antennas
	[6]

	AAS UE PoC simulations
	8
	SCMe UMa/UMi with 4 tunable RF states; simulated patterns & link level throughput
	[7]


Further analysis with a simulated isotropic channel model are under development to further motivate this proposal.
Theoretical Maximum

Defining the target throughput in terms of the percentage of the theoretical maximum throughput of a given MCS may lead to issues in determining the DUT performance.  In some cases, the device may not reach 100% throughput for all curves, yet will still reach above the chosen outage percentage.  Figure 1 below illustrates this case with the IL/IT P2 BAD antenna test in the SCMe UMaB channel model.
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Figure 1: Selecting the FoM as a percentage of theoretical maximum
from the Intel IL/IT P2 data

We do not observe significant issues in the outage vs. DUT rotation behavior.  If, however, the DUT is not able to achieve even the outage throughput target value, then we have the case illustrated by Figure 2 below, where the data set was taken from the AAS UE simulations with a suboptimal UE implementation.
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Figure 2: Selecting the FoM as a percentage of theoretical maximum
from the AAS UE data

We observe that the outage power levels cannot be determined correctly, and the resulting outage vs. DUT rotation metric is not helpful.

Measured Maximum

If we define the outage throughput target as the percentage of the maximum achievable by a given throughput curve for each DUT orientation, then we guarantee that the desired percentage throughput can be found on any curve.  Figure 3 and Figure 4 below illustrate this.
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Figure 3: Selecting the FoM as a percentage of measured maximum
from the Intel IL/IT P2 data

From the IL/IT P2 results we observe that the deviation in the calculated target throughput level is quite low:  this is expected, since the BAD DUT is able to nearly achieve 100% throughput at all orientations.
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Figure 4: Selecting the FoM as a percentage of measured maximum
from the AAS UE data

In the case of the AAS UE study, the actual target throughput values are well below the theoretical levels and fluctuate significantly.  There may be an opportunity to define a secondary performance metric based on this deviation.

Alternatives for Calculating the MTRPS and MTRSS
Linear Average of Linear Power
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Inverse Average of Inverse Linear Power
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Median
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3.
Proposal

Proposal 1: Define the MIMO OTA FoM as the average (via a method that is FFS) across a set of outage values calculated from the throughput vs. RS EPRE measurements obtained via any methodology.  In the case of anechoic methods, these are calculated from the family of throughput curves across azimuthal orientations.  In the case of reverberation chamber methods, these are calculated from the family of throughput curves across stirring states.
Proposal 2: Define the outage value per throughput curve as the power level (RS EPRE) required to reach the outage throughput level (where the outage throughput level definition follows Proposals 3 and 4 below)

Proposal 3: Specify the same outage percentage value as is used in existing RAN4 demodulation tests (70%)
Proposal 4: Consider calculating the outage throughput level according to two options:


Option 1: Percentage of theoretical maximum for the given RMC


Option 2: Percentage of the measured maximum for the given throughput curve 
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