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1
Introduction
The test system for FR2 MIMO OTA requirements measurement was finalized in the last RAN4 meeting [1][2]. This TP is adding the agreed 3D-MPAC test system to spec, the technical part is aligned with TR38.827 v16.1.0. 
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Discussion
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In the last RAN4 meeting, the updated FR2 3D-MPAC system has been agreed:
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Text Proposal to TS 38.151
--------------Start of text proposal 1-------------
Annex B (normative):
<FR2 Test methodology>




B.1
General

FR2 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 FR2 MIMO OTA 3D-MPAC system is 20cm. “Black-box” testing approach is adopted for NR MIMO OTA testing, the physical center of the EUT shall be placed in the centre of the test zone, the EUT shall completely contained within the minimum test zone size.
B.2
FR2 3D Multi-Probe Anechoic Chamber (3D-MPAC)
B.2.1
system setup 
The 3D MPAC test method is the reference methodology for FR2 NR MIMO OTA testing. By arranging an array of antennas around the Equipment Under Test (EUT), a spatial distribution of angles of arrival in the 3D 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 B.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 probe 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. The 3D MPAC system with 6 dual-polarized probes (illustrated with black dots in Figure B.2.1-1) placed on a sector with minimum radius of 0.75m from the centre of the test zone is permitted for NR FR2 MIMO OTA testing. 
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Figure B.2.1-1: 3D MPAC system layout for NR FR2 MIMO OTA testing 
The exact probe locations with respect to the OTA test system coordinate system are tabulated in Table B.2.1-1.

Table B.2.1-1. FR2 3D MPAC Probe Locations in OTA test system coordinate system
	Probe Number
	Theta [deg]
	Phi 
[deg]

	1
	0.0
	0.0

	2
	11.2
	116.7

	3
	20.6
	-104.3

	4
	20.6
	104.3

	5
	20.6
	75.7

	6
	30.0
	90.0


The 3D MPAC probes in Table B.2.1-1 can be implemented using conventional millimetre-wave probes as well as IFF-based probes as long as the same probe configuration and same number of probes is used.

The channel model parameters and probe locations for channel model implementation are defined in a channel model coordinate system, which is illustrated in figure B.2.1-2. The channel model coordinate axes xCM, yCM, and zCM correspond to the OTA test system coordinate axes z, y, and -x, respectively.
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Figure B.2.1-2: Channel Model Coordinate Axes in FR2 3D-MPAC system
The probe locations with respect to channel model coordinate axes are tabulated in table B.2.1-2.

Table B.2.1-2. FR2 3D MPAC Probe Locations in Channel Model Coordinate System
	Probe Number
	Theta [deg]
	Phi [deg]

	1
	90
	0

	2
	85
	10

	3
	85
	-20

	4
	85
	20

	5
	95
	20

	6
	90
	30


The channel model rotations assumed for this probe configuration are tabulated in Table B.2.1-3.

Table B.2.1-3. Channel Model Rotations
	UMi CDL-C

	Phi [deg]
	Theta [deg]

	32
	15.0


B.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.

The path loss for each probe in the 3D MPAC system must be calibrated 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.

For the calibration measurement, the reference antenna is placed in the centre of the quiet zone, connected to a VNA port, with the other VNA port connected to the input of the channel emulator unit as illustrated schematically in Figure D.3.2-1. For each probe antenna, the reference antenna needs to be aligned in polarization, i.e.,  or , and direction with the probe antenna that corresponds to the respective path to be calibrated. For each calibration measurement, the channel emulator needs to be configured in bypass mode. The calibration process determines the composite loss, Lpath,pol, of the entire receiver chain path gains (measurement antenna, amplification) and losses (switches, combiners, cables, path loss, etc.). The calibration measurement is repeated for each measurement path (two orthogonal polarizations and each signal path). 
B.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 F are met.

2. Configure the test system according to Annex E.2 and Annex D.1 for the applicable test case.

3. Verify the implementation of the channel model as specified in Annex D.3.

4. Position the UE in the chamber according to Annex B.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 FR2 MIMO OTA performance of the DUT:

1. Position the DUT in the default P0 alignment option (Orientation 1), as defined in Annex A.3 in TR38.827 [2].
2. Measure MIMO OTA throughput, the maximum downlink power is TBD. MIMO OTA throughput is the minimum downlink signal power resulting in a pre-defined throughput value (70%) 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. 

3. Rotate the UE to the next test point. Table B.2.3-1 lists 36 evenly spaced test points determined using the charged particle approach and with test point #1 centred at (0,0). 

4. Repeat the test from step 2 for each specified test point. If the re-positioning concept is applied, the device needs to be positioned in P0 Orientation 2 (either option 1 or option 2).  

5. The postprocessing method and the performance metric are FFS. 

Table B.2.3-1. Evenly spaced FR2 test points with a constant density

	Test Point Number
	Theta [deg]
	Phi [deg]

	1
	0.0
	0.0

	2
	33.5
	139.7

	3
	33.9
	49.7

	4
	35.5
	-142.9

	5
	35.5
	-76.9

	6
	37.6
	-17.2

	7
	52.3
	94.7

	8
	56.9
	175.7

	9
	62.5
	20.4

	10
	63.7
	-99.8

	11
	67.1
	-55.0

	12
	69.3
	-139.5

	13
	69.5
	130.1

	14
	70.3
	60.8

	15
	72.1
	-16.2

	16
	88.7
	-167.5

	17
	88.7
	98.5

	18
	89.3
	157.0

	19
	93.9
	-78.9

	20
	94.6
	31.6

	21
	95.3
	-115.6

	22
	99.6
	-38.3

	23
	103.8
	-1.1

	24
	104.4
	66.3

	25
	110.1
	127.5

	26
	115.1
	-145.6

	27
	120.8
	171.9

	28
	125.3
	-60.7

	29
	128.2
	-104.1

	30
	128.8
	91.3

	31
	129.9
	35.8

	32
	136.0
	-13.4

	33
	145.8
	138.1

	34
	150.2
	-153.3

	35
	160.6
	-67.4

	36
	161.7
	59.1


B.2.4
Minimum Range Length 
The minimum range length of FR2 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 B.2.4-1. 


[image: image3]
Figure B.2.4-1: Illustration of range length definition of FR2 3D-MPAC
The minimum range length for NR FR2 MPAC OTA systems with 20cm test zone size is 0.75m. It was shown that the PSP can be reduced significantly for distances below 0.75m.
B.3
EUT positioning
This Clause defines the measurement coordinate system for the NR MIMO OTA.  
For FR2 MIMO OTA, the DUT shall be tested using a 3D scan. With the DUT positioned in the default P0 alignment option, as defined in Annex A.3 in [2], measurements on 36 evenly spaced test points with a constant density shall be performed.
--------------End of text proposal 1-------------
--------------Start of text proposal 2-------------
Annex F (normative):
<Environmental requirements>



F.1
Scope
The requirements in this clause apply to all types of UE(s) in FR1 and FR2.
F.2
Ambient temperature
 All the MIMO OTA requirements are applicable in room temperature e.g. 25(C.

F.3
Operating voltage
For FR1 MIMO OTA, all nominal voltage test cases shall be performed with the DUT operated in stand-alone battery powered mode. 

For FR2 MIMO OTA, all nominal voltage test cases shall be performed with the DUT operated in stand-alone battery powered mode or external power source. It shall be demonstrated that the impact of external power source to device performance is negligible comparing to stand-alone battery powered mode.
--------------End of text proposal 2-------------
System implementation of FR2 3D-MPAC system


The system layout of FR2 3D-MPAC is concluded, based on proposal 1 in R4-2016210:


                     Table 1: FR2 3D-MPAC Probe Locations


�








[image: image5.wmf]Probe 

Number

Theta/ZoA [deg]

Phi/

AoA

[

deg

]

1

0.0

0.0

2

11.2

116.7

3

20.6

-

104.3

4

20.6

104.3

5

20.6

75.7

6

30.0

90.0

