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Introduction

The present contribution provides an analysis of the ABCD pre-requisites outlined in the Way Forward document [1] for the 2-stage method. It provides the text proposal for inclusion of the 2-stage method measurement procedure in TR 37.977.
ABCD Pre-Requisites Analysis

According to the Way Forward agreed during 3GPP RAN4 Meeting # in Fukuoka [1], it is necessary for a methodology to fulfil a set of pre-requisites before it can be considered for inclusion in Section 12 of TR37.977 [2]. The pre-requisites are listed below for convenience.

A: Channel model verification
B: Absolute data throughput framework
C: IL/IT results consistency
D: Uncertainty evaluation

The channel model validation for the 2-stage method has been approved and documented as a TP to TR 37.977 in [3,4,5]. 
The absolute data throughput proof of concept has been documented as a TP to TR 37.977 in [6]. 

The IT/IL results consistency has been shown with [7] and documented as a TP to TR 37.977 in [8]
The measurement uncertainty budget for the 2-stage method has been agreed in [8]. 
Based on the above points, all necessary results and documentation have been submitted to 3GPP. Thus, according to the Way Forward document [1], the 2-stage method has fulfilled the ABCD pre-requisites and can be included in Section 12 of TR 37.977 [2].

This text proposal adds the 2-stage method measurement procedure to Section 12 of TR 37.977 [2].
Conclusion

Based on the above discussion, it is proposed to approve the text proposal below.
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12
Final Agreed Test Methodology
12.X
2-Stage Test Methodology

12.X.1
Base Station configuration

The PXT parameter settings shall be set according to Clause 7.1.

The emulated antenna array configuration shall be set according to Clause 8.5.
12.X.2
Channel Models

The applicable channel models are defined in Clauses 8.2 and Annex C.

12.X.3
Device positioning and environmental conditions

The positioning of the device under test within the test volume shall be set as defined in Clause 9.4.
The environmental requirements for the device under test shall be set as defined in Annex D.
12.X.4
System Description

12.X.4.1
Solution Overview

The setup described in Clause 6.3.1.3 shall be used.
12.X.4.2
Configuration

The concept and configuration of the test setup is given in Section 6.3.1.3.1.

12.X.4.3
Calibration

The calibration is performed according to the following sections 12.x.4.3.1 and 12.x.4.3.2. 
12.X.4.3.1
Cable conducted setup
For the cable conducted version, there are 3 calibrations to perform:

· Power imbalance calibration:

The goal is to ensure that the power that arrives at the two ports of the DUT is the same. Proceed to the following steps:

1. Run TM3 scenario with Fixed MAC Padding 
2. Configure Single-user MIMO (ext in) -> 2×2

3. Set Fader 1 and Fader 4 to pass through as shown in Figure 12.x.4.3.1.1:
[image: image1.emf]
- Figure 12.x.4.3.1.1: PXB pass through
4. Play the PXB.

5. Set each Power Meter Averaging Time to 5s on PXB as shown in Figure 12.x.4.3.1.2
[image: image2.emf]
- Figure 12.x.4.3.1.2: PXB Power meters
6. Click the Start power meters, read the measured signal power. If the power meter 1 result is -58.58dB, the power meter 4 is -58.89dB, there is about 0.31dB difference.
7. Compensate the difference on the PXT RF1 & RF2 amplitude. RF1 is 0.31 dB lower than RF2. Measure again, and check if results tested by the power meter are matching.
· Cable loss and RF port impedance mismatch calibration:
1. Thanks to a VNA or spectrum Analyzer, measure the cable loss of the cable in between the MXG1 and port 1 of the DUT, same thing in between MXG2 and port 2.
2. Thanks to a VNA, calculate the RF impedance mismatch at the DUT ports by measuring the reflection when connecting the cable to the antenna ports at the carrier frequency and along the frequency bandwidth. 
3. Use the cable loss and impedance mismatch reflection calibration to compensate on MXGs when measuring the throughput.
12.X.4.3.2
Radiated setup
For the radiated version, only the DUT reporting RSAP calibration is to perform. Two-stage method depends on reported RSAP to do the antenna pattern measurement, and the power calibration for radiated second-stage throughput test. Since these reported readings do not come from a calibrated measurement instrument, their accuracies are often subject to questioning.  Below procedure provides method for proper calibration to validate the reported RSAP accuracy.
· DUT reporting RSAP calibration calibration:
With proper spherical coordinate definition of mobile terminal setup, the receive antenna pattern at any coordinate (θi, ϕi) can be expressed as:



P(θi, ϕi)= RSi  (1)

The test point (θi, ϕi) can be at any point on the 4π solid angle of the coordinate. More precisely, the reported RS of the UE can be expressed as:



RSi (x)= m(x)*x+c  (2)

where m(xi) and c is a function of signal strength independent of testing point angular coordinates. x is the actual incident field power density that can be derived from the signal power and test range loss.  The above equation (2) assumes that the signal variables in both sides of the equation are expressed in decibels or dB's. When m(x)=1 and c=g0, where g0 is the received antenna gain at the test point, we would have declared that the RS report is a true reading of the signal strength.  But in reality, m(x) can be biased by either the signal level relative to the receiver's detector operating condition, or by application software programming errors. Meanwhile, the offset constant c can also be biased by either the noise floor of the receiver and/or other artificial factors in the UE RS reporting. Therefore, a Taylor's series can be introduced to have a better representation of the RS report value:

 
  RSi (x)= c +ax+ bx2 +dx3 + ex4 + .... (3)

In theory, equation (3) may require many terms to represent the RS report accurately.  However, since the reported RS reading in the receive antenna pattern in (1) has a limited signal dynamic range, the following  three term expression is enough to correct for the reporting errors:


  RSi (x)= c +ax+ bx2 +o(x3)  (4)
We may choose to omit the third order term o(x3) since it is not significant for limited signal dynamic range.                    

The RS pattern in (1) will need to be calibrated for its possible reporting errors.  One practical method is to introduce signal correction terms in equation (4) to enhance the accuracy.  This process is also referred to as the linearization.  The following steps describe what is needed to linearize the RS report and the RS antenna pattern in (1):

1). Find the maximum RS reading in the pattern obtained in (1) from all angular test points, and at all polarizations.  Set this point as the reference point and record signal generator power P0 and let x0 =P0-Test Range Path Loss (in dB), and note the maximum RS reading as r0.

2). At the reference test point, decrease the signal generator's output power Pi, and let xi = Pi-Test Range Path Loss (in dB), starting from P0 with a step size (1.0 dB by default) to a power range so as to obtain the full RS reading range while searching from the reference point r0 when the test system dynamic range allows, or to 20 dB by default when the system dynamic range is known to be limited, whichever is lower in range. Record the corresponding RS reading of the UE as ri. Repeat this process until all angular test points are completed as required.

3). Use those pairs of data obtained in Step 2) (ri, xi) as the input of the quadratic fitting curve in (4) to formulate the Algorithm LSF (Least Square Fit) to calculate the three coefficients (a,b, and c) in:


Err(a,b,c)= Σ(c + axi + bxi - ri)2  (5)

Please note that the power range of the linearization can be limited to 20 dB as stated in Step 2) since the lower RS readings than the processed range do not contribute to the overall receive antenna pattern as much.  

Once the three coefficients (a,b, and c) are obtained in LSF of (5), the use of the inverse function of Equation (4) to convert RS pattern in (1) into the normalized incident power pattern.  This process completes the error correction for both constant biased and the non-linearity in the RS report from the UE within the limited signal dynamic range as tested in (1) and Step 1. Similar steps can be applied for error corrections if multiple receiver RS are involved in the testing.

Of course, the reference test point can also be further tested for the threshold of the receiver sensitivity and/or throughput knee-point for the required calibrated reference power level.
12.X.5
Figure of Merit

The performance metric is given in Clause 5.

12.X.6
Test procedure

12.X.6.1
Initial conditions

Initial conditions are a set of test configurations the UE shall be tested in and the steps for the PXT to take with the UE to reach the correct measurement state for each test case.

1. Ensure environmental requirements of Annex A are met.

2. Configure the test system according to Clauses 12.X.1 and 12.X.2 for the applicable test case.

3. Verify the implementation of the channel model as specified in Clause 12.X.2.

NOTE: The verification of the channel model implementation can be part of laboratory accreditation process and may be performed once for each channel model prior to starting the test, as long as the same setup and instruments are maintained.

4. Position the UE in the chamber according to Clause 12.X.3.

5. Power on the UE.

6. Set up the connection.

12.X.6.2
Test procedure

The following steps shall be followed in order to evaluate MIMO OTA performance of the DUT:

1. Generate a test signal by the PXT. The PXT transmits the signal through the test system to the DUT.

2. Search for the minimum average DL RS-ERPE level resulting in a MIMO Throughput of TBD
 % of the maximum throughput or greater. The measurement procedure shall be based on [methodology specific information]

NOTE 1: The average throughput calculated from all samples collected for each RS-EPRE level is reported as the MIMO Throughput.
NOTE 2: The initial RS-EPRE can be set to the user’s freely selectable level.

NOTE 3: To meet the throughput value target DL RS-EPRE level can be changed using user’s freely selectable algorithm.

NOTE 4: The downlink RS-EPRE step size shall be no more than TBD
 dB.


3. The minimum average DL RS-EPRE level resulting in a MIMO Throughput value of TBD % of the maximum throughput or greater shall be reported as the MIMO Throughput Sensitivity (MTS)
.

12.X.7
Measurement Uncertainty budget

The measurement uncertainty budget for the test methodology is given in Annex B.

********************** End of text  proposal ****************************
�Vodafone: do not understand what is the meaning of concept. I also wonder what is the content of this clause as such, and to what other sections in the TR may refer to. May be unnecessary clause?


�Does it mean that each lab is required to validate the channel models implementation before starting a throughput measurement?





In my opinion, the validation of the channel models implementation should be part of the site validation process. It is responsibility of the lab to go through it. The validation will be done on the approved channel models for each methodology and repeated either when a new channel model will be added to the standard or when: i.e ISO17025 accreditation process for the lab would require it.


�Discussion required for the TPUT limit.


�Methodology specific information for the measurement procedure to be added.


�Discussion required for the step size.


�Discussion required if we should introduce this metric.
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