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<<< START OF CHANGES >>>
[bookmark: _Toc130286881][bookmark: _Toc152252646]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone".
[3]	3GPP TS 38.101-3: "NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios".
[4]	3GPP TS 38.508-1: "5GS; User Equipment (UE) conformance specification; Part 1: Common test environment".
[5]	3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz".
[6]	3GPP TS 38.101-4: "NR; User Equipment (UE) radio transmission and reception; Part 4: Performance requirements".
[7]	3GPP TS 38.151: "NR; User Equipment (UE) Multiple Input Multiple Output (MIMO) Over-the-Air (OTA) performance requirements".
[8]	3GPP TS 38.561: "UE TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements and test methodologies for FR1 (NR SA and EN-DC); User Equipment (UE) conformance specification".
[9]	IEEE Std 149: "IEEE Standard Test Procedures for Antennas", IEEE.
[bookmark: _Toc130286897][bookmark: _Toc152252662]<<< Skip Unchanged Sections >>>
<<< START OF CHANGES >>>
[bookmark: _Toc130286898][bookmark: _Toc152252663]A.1	General
FR1 MIMO OTA requirement testing is based on UE-noise limited environmental condition, i.e. UE throughput characterized as a function of signal power incident to the DUT antennas.
The minimum test zone size for FR1 MIMO OTA test methods is 20cm. "Black-box" testing approach is adopted for NR MIMO OTA testing, the physical geometric centre of the EUT shall be placed in the centre of the test zone, the EUT shall be completely contained within the minimum test zone size.
FR1 MIMO OTA requirement testing should be performed under primary mechanical mode. The primary mechanical mode for devices having multiple mechanical modes shall be declared by the manufacturers. Single primary mechanical mode for each device should be declared for MIMO OTA conformance testing.
[bookmark: _Toc130286899][bookmark: _Toc152252664]A.2	Multi-Probe Anechoic Chamber (MPAC)
[bookmark: _Toc130286900][bookmark: _Toc152252665]A.2.1	System setup
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.
As illustrated schematically in Figure A.2.1-1, 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: A picture containing device, gauge, control panel

Description automatically generated]
Figure A.2.1-1: MPAC system layout for NR FR1 MIMO OTA testing
For the selected environmental conditions modelled by the FR1 CDL channel models, the minimum setup configuration can be described as in Table A.2.1-1:
Table A.2.1-1: Example of a minimum setup for MPAC
	
	MPAC

	Minimum number of antenna positions
	16

	Antenna spacing
	22.5

	Applicable channel model
	FR1 UMi/UMa CDL-C



The setup of OTA chamber antennas with sixteen antenna positions is depicted in Figure A.2.1-2. The DUT is at the centre, and the antennas are aligned on a circle around the DUT with uniform spacing (e.g. 22.5 with 32 elements arranged in 16 positions, where each position contains a vertically and horizontally polarized antenna pair). Denoting directions of K OTA antennas with fk, k = 1… K, and antenna spacing of 22.5. Each antenna is connected to a single fading emulator output port. In the figure, for example, antenna A1V denotes the first OTA antenna position and Vertically (V) polarized element, A8H denotes the eight OTA antenna position and horizontally (H) polarized element, etc.
[image: A diagram of a device with arrows and directions

Description automatically generated with medium confidence]
Figure A.2.1-2: OTA chamber antenna setup with sixteen uniformly spaced dual polarized chamber antennas

[bookmark: _Toc130286901][bookmark: _Toc152252666]A.2.2	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 has to 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 vertical reference dipole in the centre of the test zone, connected to a VNA port, with the other VNA port connected to the input of the channel emulator unit.
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 centre of test zone.
4)	Adjust the power on all vertical polarization branches of the channel emulator so that the powers received at the centre are equal.
5)	Repeat the steps 1 to 4 with the magnetic loop or horizontally polarized reference dipole 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 centre 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.
[bookmark: _Toc130286902][bookmark: _Toc152252667]A.2.3	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 E are met.
2)	Configure the test system according to Annexes C, D and E for the applicable test case.
3)	Verify the implementation of the channel model as specified in clause C.3.
4)	Position the UE in the chamber according to clause A.3.
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 PRS-EPRE-MAX is defined in clause 6.1.2. MIMO OTA throughput is the minimum downlink signal power resulting in a pre-defined throughput value, i.e. 70 % and 90 % 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 clause A.3.
4)	The postprocessing method to calculate the average MIMO Throughput is defined in clause 6.
NOTE:	For step 1 of throughput testing, the measurement is not needed to start from maximum downlink power each time. To save testing time, the starting downlink power can be set as a proper value (lower than maximum downlink power supported by test system) as long as all the throughput curve curves at 12 different UE azimuth rotations can reach at least 90% of the maximum theoretical throughput.
[bookmark: _Toc130286903][bookmark: _Toc152252668]A.2.4	Minimum Range Length
The minimum range length of FR1 MPAC system is defined as the distance from the centre of the test zone to the aperture of the measurement probes/antennas, as illustrated in Figure A.2.4-1.
[image: A picture containing schematic

Description automatically generated]
Figure A.2.4-1: Illustration of range length definition of FR1 MPAC
The minimum range length for NR FR1 MPAC OTA systems with 20cm test zone size is 1.2 m. 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 1.2 m.
[bookmark: _Toc130286904][bookmark: _Toc152252669]A.3	EUT positioning
This Clause defines the measurement coordinate system for the NR MIMO OTA.
For FR1 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 (FS DMSU), the DUT azimuthal rotation shall be performed over 360 degrees per orientation. The three different test and environment conditions for handsets are summarized in Table A.3-1. 
The geometric centre of the DUT shall be aligned with the centre of the test zone/coordinate system and the DUT shall be fully contained within the test zone, i.e., a sphere with 20 cm diameter. 
[bookmark: _Ref355093747][bookmark: _Ref355095517]Table A.3-1: Summary of testing environment conditions for devices supporting DL MIMO data reception
	DUT type 
	Testing condition
	DUT orientation angles
	Diagram

	Handset
	FS DMP
	Ψ=0°
Θ=−45°
Φ=0°
	[image: ]

	Handset
	FS DML – Left Tilt
	Ψ=90°
Θ=−45°
Φ=0°
	[image: ]

	Handset
	FS DMSU
	Ψ=0°
Θ=−90°
Φ=0°
	[image: ]

	NOTE: Rotation angles defined in Figure A.4-2 with the reference coordinate system defined in Clause A.4.



[bookmark: _Toc21026925][bookmark: _Toc27744223][bookmark: _Toc36197394][bookmark: _Toc36198086]A.4	Reference coordinate system
This clause defines the measurement coordinate system for the NR UE. The reference coordinate system as defined in IEEE Std 149 [9] is provided in Figure A.4-1 below while Figure A.4-2 shows an example DUT in the default alignment, i.e., the DUT and the reference coordinate systems are aligned with α = 0o and β = 0o and γ = 0o where α, β, and γ describe the relative angles between the two coordinate systems.
[image: CoordinateSystem]
Figure A.4-1: Reference coordinate system

[image: ]
Figure A.4-2: DUT default alignment of example smartphone UE to coordinate system
The following aspects are necessary:
-	A basic understanding of the top and bottom of the device is needed in order to define unambiguous DUT positioning requirements for the test, e.g., in the drawings used in this annex, the three buttons are on the bottom of the device (front) and the camera is on the top of the device (back).
-	An understanding of the origin and alignment the coordinate system inside the test system i.e. the directions in which the x, y, z -axes points inside the test chamber is needed in order to define unambiguous DUT orientation, DUT beam, signal, interference, and measurement angles

<<< Skip Unchanged Sections >>>
<<< END OF CHANGES >>>
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