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Introduction
This contribution is providing draft text to define FR2 MPAC measurement set-up for in TR38.827 chapter 6.2.3 [1].
Discussion

In the last RAN4 meeting in Reno, NV, USA, it was agreed that FR2 test solution needs to be added to [1]. This document outlines the draft text proposal to chapter 6.2.3, Baseline set-up for FR2. 
Proposal: Include the following draft text on Baseline set-up for FR2.
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========================== Start of change 1==========================

6.2.3
Baseline setup for FR2

MPAC test method is used FR2 NR MIMO OTA testing. By arranging an array of antennas to probe wall, 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 6 specifically placed dual-polarized probes is permitted for NR FR2 MIMO OTA testing. 
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Figure 6.2.3-1: MPAC system layout for NR FR1 MIMO OTA testing 

System can be either unidirectional (DL only) or bi-directional (DL and UL). In unidirectional mode, system shall deploy UE beam lock function (UBF). Dual polarized probes are placed in wall using below arrangement using 60 degrees rotation to elevation (subtract 60 from y axis).
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6.2.3.1
Calibration procedure

The system needs to be calibrated by using a reference calibration antenna (dual polarized directive 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 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 dual polarized directive antenna with H branch terminated 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 7.4.1.1-2.

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 by steering the dual polarized directive antenna to probe direction.
4. Adjust the power on all vertical polarization branches by rotating the directive dual polarized antenna towards each probe connected to the channel emulator V polarization so that the powers received at the center are equal.

5. Repeat the steps 1 to 4 with the directive antenna with V polarization terminated and steering to horizontally polarized probes instead and adjust the horizontal polarization branches of the channel emulator to be equal.

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.  

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 20 degrees and repeat from step 1 until wall zone has been covered i.e.  3 different UE azimuth rotations.

3. Rotate the UE around horizontal axis of the of the test system by 10 degrees and repeat from step 1 until wall zone has been covered i.e. 3 different UE elevation rotations.

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

5. The postprocessing method to calculate the average MIMO Throughput is defined in 5.2.
6.3
Test methodology verification

For FR1 MIMO OTA, the MPAC power verification is defined in subclause 7.4.1.5. For FR2 MIMO OTA, the MPAC power verification is defined in subclause 7.4.1.5 subsection of FR2.

6.4
Test method applicability

For FR1 MIMO OTA, the MPAC system is applicable for up to 4x4 MIMO with device within 20cm. For FR2 MIMO OTA, the MPAC system is applicable for up to 2x2 MIMO with device within 20 cm.
6.5
EUT positioning in the chamber

<Editor’s note: related orientation tables in Annex A.3 need to be added >

6.5.1
Minimum test zone size 
The minimum test zone size for NR MIMO OTA test methods, both FR1 and FR2, is 20cm. Another test zone size larger than 20cm is FFS. “Black-box” testing approach is adopted for NR MIMO OTA testing, the physical center of the EUT shall be placed in the center of the test zone, the EUT shall completely contained within the test zone size defined by respective operation band. The detailed test zone size for each band is listed in Annex A.4.

6.5.2
EUT orientation within the test zone 
In order to minimize measurement uncertainty, it’s important that test house ensure the EUT is oriented within the chamber’s test zone in a standardized manner. Annex A.3 provides a preliminary set of normative EUT orientation conditions. 

For FR1 MIMO OTA, the DUT shall be tested under Free Space Data Mode Portrait (FS DMP), Free Space Fata Mode Landscape (FS DML), and Free Space Data Mode Screen Up flat (FS DMSU), the DUT azimuthal rotation shall be performed over 360 degrees per orientation in 30 degree steps (12 total positions). Fine angular steps at FR1 high frequency for rotation is FFS.
For FR2 MIMO OTA, the DUT shall be tested under Free Space Data Mode Portrait (FS DMP), Free Space Data Mode Landscape (FS DML), and Free Space Data Mode Screen Up flat (FS DMSU), the DUT azimuthal rotation shall be performed over 30 degrees in azimuth direction and 10 degrees in elevation degree steps per (totally 9 positions). 

6.6
Minimum Range Length for FR1 MIMO OTA Systems

This sub-section specifies the minimum range lengths for NR FR1 and FR2 MIMO OTA systems. The range length is defined as the distance from the centre of the test zone to the aperture of the measurement probes/antennas, as illustrated in Figure 6.6-1 for MPAC, Figure 6.6-2 for RTS and Figure 6.6-3 for MPAC FR2. 
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Figure 6.6-1: Illustration of range length definition of MPAC
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Figure 6.6-2: Illustration of range length definition of RTS
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Figure 6.6-3: Illustration of range length definition of MPAC in FR2

6.6.1
MPAC

The minimum range length for NR FR1 MPAC OTA systems with 20cm test zone size is 1.2m. While for MPAC systems, the far-field requirements do not have to apply, it was shown that the spatial correlation can be impacted significantly for distances below 1.2m.

The minimum range length for NR FR2 MPAC OTA systems with 20cm test zone size is 75 cm. While for MPAC systems, the far-field requirements do not have to apply, it was shown that the 75 cm is sufficient to have stable PSP over the test zone.
6.6.2
RTS

For RTS NR FR1 MIMO OTA systems, far-field conditions have to apply due to the pattern measurements in the first stage. The minimum range length shall be the maximum of the following three limits
· The phase uncertainty limit: RTZ+2Drad2/
· The amplitude uncertainty limit: 3D
· The reactive Near-Field limit: RTZ+2
where RTZ is defined as the radius of the test zone, i.e., RTZ=D/2, and Drad is the diameter of the effective radiating aperture., The minimum range length calculations for D=20cm test zone size RTS systems shall assume that Drad is 20cm below 1.5GHz and decrease linearly from 20cm to 5cm from 1.5GHz to 7.125GHz, respectively. The last column of Table 6.6.2-1 shall be considered the minimum range length for NR FR1 RTS MIMO systems with 20cm test zone size.

Table 6.6.2-1. Minimum Range Length for RTS Systems with 20cm test zone size.

	f [GHz]
	Drad [m]
	RTZ+2Drad²/λ
	3D = 6RTZ
	RTZ+2λ
	max(RTZ+2λ,3D,RTZ+2D²/λ)

	0.41
	0.20
	0.21
	0.60
	1.56
	1.56

	0.60
	0.20
	0.26
	0.60
	1.10
	1.10

	0.70
	0.20
	0.29
	0.60
	0.96
	0.96

	0.80
	0.20
	0.31
	0.60
	0.85
	0.85

	1.00
	0.20
	0.37
	0.60
	0.70
	0.70

	1.20
	0.20
	0.42
	0.60
	0.60
	0.60

	1.40
	0.20
	0.47
	0.60
	0.53
	0.60

	1.60
	0.20
	0.53
	0.60
	0.47
	0.60

	1.80
	0.20
	0.58
	0.60
	0.43
	0.60

	2.00
	0.20
	0.63
	0.60
	0.40
	0.63

	2.20
	0.20
	0.69
	0.60
	0.37
	0.69

	2.40
	0.18
	0.60
	0.60
	0.35
	0.60

	2.60
	0.17
	0.61
	0.60
	0.33
	0.61

	2.80
	0.17
	0.61
	0.60
	0.31
	0.61

	3.00
	0.16
	0.62
	0.60
	0.30
	0.62

	4.00
	0.13
	0.58
	0.60
	0.25
	0.60

	5.00
	0.11
	0.48
	0.60
	0.22
	0.60

	6.00
	0.08
	0.36
	0.60
	0.20
	0.60

	7.00
	0.05
	0.24
	0.60
	0.19
	0.60

	7.13
	0.05
	0.22
	0.60
	0.18
	0.60


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