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1
Introduction
This text proposal aims to add the test procedure for MPAC system in the TR 38.827.
2
References

[1] TR 38.827 v0.5.0, CAICT 
3
Text Proposal

The following text changes are proposed.
========================== Start of change 1==========================
5.2
Averaging of throughput curves

For FR1 MIMO OTA measurement, the throughput curves shall be averaged by:
The average TRMS of free space data mode portrait (FS DMP), free space data mode landscape (FSDML), and free space data mode screen up (FS DMSU), as defined in Annex E. The averaging shall be done in linear scale for the TRMS results at these DUT positions.
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Such that MODE is one of {FS_DMP, FS_DML, FS_DMSU}, x is one of throughput outage (for example {[70%, 95%]}), and {PMODE,x,0, …, PMODE,x,11} are the measured sensitivity values at each azimuth position.
How to process FR2 throughput data is FFS. 
6
Measurement methodologies

6.1
Environmental conditions


UE-noise limited environmental condition is adopted for both FR1 and FR2 MIMO OTA testing, i.e., UE throughput characterized as a function of signal power incident to the DUT antennas.
6.2
Measurement setup


6.2.1
Multi-Probe Anechoic Chamber (MPAC) for FR1

MPAC test method is the reference methodology for FR NR MIMO OTA testing. By arranging an array of antennas around the Equipment Under Test (EUT), a spatial distribution of angles of arrival in MPAC system may be simulated to expose the EUT to a near field environment that appears to have originated from a complex multipath far field environment. 

Signals propagate from the base station/communication tester to the EUT through a simulated multipath environment known as a spatial channel model, where appropriate channel impairments such as Doppler and fading are applied to each path prior to injecting all of the directional signals into the chamber simultaneously through the antenna array. The resulting field distribution in the test zone is then integrated by the EUT antenna(s) and processed by the receiver(s) just as it would do so in any non-simulated multipath environment. MPAC system with 16 uniformly-spaced dual-polarized probes is permitted for NR FR1 MIMO OTA testing. 

[image: image3]
Figure 6.2.1-1: MPAC system layout for NR FR1 MIMO OTA testing
6.2.1.1
Calibration procedure
The system needs to be calibrated by using a reference calibration antenna with known gain values in order to ensure that the downlink signal power is correct. In non-standalone (NSA) mode, the LTE link antenna provides a stable LTE signal without precise path loss or polarization control.
Unlike traditional TRP/TRS testing where the path loss corrections can all be applied as a post processing step to the measured data, the path loss for each probe in the MPAC system must be balanced at test time in order to generate the desired channel model environment within the test zone of the chamber. The imbalance of the each path during testing would result in an alteration of the angular dependence of the channel model (i.e. varied characteristics of generated channel model) within the test zone of the chamber.
1. Place a vertical reference dipole in the center of the test zone, connected to a VNA port, with the other VNA port connected to the input of the channel emulator unit – Figure 7.4.1.1-1.

2. Configure the channel emulator for bypass mode.
3. Measure the response of each path from each vertical polarization probe to the reference antenna in the center of test zone.

4. Adjust the power on all vertical polarization branches of the channel emulator so that the powers received at the center are equal.

5. Repeat the steps 1 to 4 with the magnetic loop and horizontally polarized probes instead, and adjust the horizontal polarization branches of the channel emulator.
6. The worst-case path loss becomes the reference path loss of the entire system, this loss is used to compute the power in the center of the test zone relative to the output power of the Base Station simulator. Besides, based on the reference path loss, the relative offset of each path loss shall be corrected.  
Note: calibration based on other antennas, e.g., horn antennas is not precluded.
6.2.1.2
Test procedure
Before throughput testing, the initial conditions shall be confirmed to reach the correct measurement state for each test case. 
1. Ensure environmental requirements of Annex C are met.

2. Configure the test system according to Clauses 8.2 and 7.2 for the applicable test case.

3. Verify the implementation of the channel model as specified in Clause 7.4.1.
4. Position the UE in the chamber according to Annex A.

5. Power on the UE.

6. Set up the connection.

Note:        For step 3, the verification of the channel model implementation is usually performed once for each channel model as part of the laboratory accreditation process, and will remain valid as long as the setup and instruments remain unchanged. Otherwise the channel model validation may need to be performed prior to starting each throughput test. 
For throughput testing, the following steps shall be followed in order to evaluate NR MIMO OTA performance of the DUT:
1. Measure MIMO OTA throughput from one measurement point, the maximum downlink power is TBD. MIMO OTA throughput is the minimum downlink signal power resulting in a pre-defined throughput value ([70% and 95%]) of the maximum theoretical throughput.  The downlink signal power step size shall be no more than 0.5 dB when RF power level is near the NR MIMO sensitivity level. 
2. Rotate the UE around vertical axis of the test system by 30 degrees and repeat from step 1 until one complete rotation has been measured i.e. 12 different UE azimuth rotations.

3. Repeat the test from step 1 for each specified device orientation. A list of orientations is given in Annex A.3.

4. The postprocessing method to calculate the average MIMO Throughput is defined in 5.2.

========================== End of change 1 ==========================

========================== Start of change 2==========================
6.3
Test methodology verification


For FR1 MIMO OTA, the MPAC power verification is defined in subclause 7.4.1.5.
6.4
Test method applicability


For FR1 MIMO OTA, the MPAC system is applicable for up to 4x4 MIMO with device within 20cm.
========================== End of change 2 ==========================

========================== Start of change 3==========================

Annex D:
Procedure to characterize the quality of the quiet zone
D.1
FR1 quality of the quiet zone
Unwanted reflections and support structure blockage cause a volumetric ripple to the field magnitude seen from each measurement antenna as shown in Figure D1-1.  By rotating an omnidirectional antenna through the test volume as illustrated by the red line, this volumetric ripple may be probed to obtain an estimate of the measurement uncertainty due to this volumetric error.  The quality of the quiet zone test consists of a phi-axis ripple test that covers a cylindrical quiet zone 20 cm in diameter around the phi axis and 20 cm tall. Each reference antenna is oriented with its axis parallel to the phi axis at a total of three positions offset 10 cm perpendicular to the phi with 0 cm and ±10 cm offsets parallel to the phi axis. At each position, the phi axis is rotated 360°o record the ripple. Each position is labeled by its radial and axial offset from the center position, (R,Z), using 0, +, or – to represent the appropriate offset in each direction. See Figure D1-2 for additional information.
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Volumetric Ripple - 750 MHz P
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Figure D1-1: Volumetric ripple and 20cm Phi axis cut
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Figure D1-2: Phi-axis test geometry
For each polarization and band, repeat the following steps:
1. Place the Measurement Antenna and any associated theta-axis positioner at theta = 90° such that  the Measurement  Antenna  is  boresight  with  the  center  of  the  quiet  zone.  The Measurement Antenna should be at the same separation distance to be used for actual pattern measurements. This distance must be at least R (the minimum measurement distance is defined in clause 6.6) meters away from the center of the quiet zone. Select the polarization of the Measurement Antenna to correspond to the polarization (V or H) to be tested.
2. Mount the reference antenna to the phi-axis positioner using a low permittivity dielectric support. Use the sleeve dipole for the V polarization and the loop for the H polarization. At each of the six offset positions, ensure that the axis of the reference antenna is parallel to the phi axis of rotation.

3. Attach a signal source to a coaxial cable feeding the Measurement Antenna and set the frequency to the appropriate channel. Set the amplitude to a level appropriate for the measurement receiver. Connect a measurement receiver to the reference antenna. The received signal during the ripple test measurement should be at least 40 dB above the noise floor or noise errors greater than 0.1 dB will result. Ensure that all coaxial cables are dressed to minimize effects upon the measurement results.
4. Rotate the reference antenna about the phi axis and record the signal received by the Measurement Antenna at resolution sufficient to ensure smoothly varying curves for a total of 360°.
5. Record the measurement results to a file that can be imported into a spreadsheet.
6. Record test parameters including: (a) the distance between the measurement and reference antennas, (b) cable losses and other losses associated with the measurement setup, (c) the power of the signal source at the reference antenna connector, and (d) the noise level of the receiver with no signal applied.
7. Repeat steps 1 through 6 above for each reference antenna (polarization and band) for each of the 6  test positions, offsetting 100 mm ±2 mm from the center of the quiet zone in each direction along the phi axis and radially from the center.  In order to accommodate reference positioning in the lower portion of the quiet zone, support materials with a dielectric constant less than 1.2 may be removed to a maximum distance of 250 mm outside the quiet zone for the tests that require additional clearance.

D.2
FR2 quality of the quiet zone
========================== End of change 3 ==========================
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