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Introduction
This text proposal adds the calibration and test procedures into TR 38.827 

Discussion

While the calibration and test procedures have been added to TR 38.827 [1] for NR FR1, they are missing for FR2. This contribution includes draft text to be included in [1].
Proposal 1: Include the draft text below in [1]
Conclusion

The following observations and proposals were made in this contribution

Proposal 1: Include the draft text below in [1]
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<<< START OF CHANGES >>>
6.2
Measurement setup

6.2.1
Multi-Probe Anechoic Chamber (MPAC) for FR1

MPAC test method is the reference methodology for FR1 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 6.2.1-1, 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: image1]
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 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.
<<< Skip unchanged sections >>>
<<< START OF CHANGE #2 >>>

6.2.3
3D Multi-Probe Anechoic Chamber (MPAC) for FR2
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 6.2.3-1, 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 6.2.3-1) 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. 


[image: image2]
Figure 6.2.3-1: 3D MPAC system layout for NR FR2 MIMO OTA testing 
6.2.3.1
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.

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 7.4.1.1-1. 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). 
6.2.3.2
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. Position the DUT in the default P0 alignment option (Orientation 1), as defined in Section D.3
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 ([FFS]) 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 6.2.3.2-1 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 6.2.3.2-1. 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



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.
<<< Skip unchanged sections >>>
<<< START OF CHANGE #3 >>>
A.3
DUT positioning guidelines
Table A.3-1 below lists the DUT positioning conditions along with a diagram. The XY plane or P0 condition is just shown for information as a reference to the coordinate system defined in Annex A.1.
Table A.3-1: Summary of possible DUT positioning options
	Testing condition
	DUT orientation angles
	Diagram

	XY plane or P0 Orientation 1 (default)
	α=0;
β=0;
γ=0
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	P0 Orientation 2 – Option 1 

(based on re-positioning approach)
	α=180o;
β=0;
γ=0
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	P0 Orientation 2 – Option 2 

(based on re-positioning approach)
	α=0;
β=180o;
γ=0
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	Free space data mode screen up (FS DMSU)
	α=0;
β=-90;
γ=0
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	Free space data mode portrait (FS DMP)
	α=0;
β=-45;
γ=0
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	Free space data mode landscape (FS DML)
	α=90 (left tilt);
β=-45;
γ=0
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	Note: the repositioning concept is applicable to FR2 only.


Near-field coupling effects between the antenna and the pedestals/positioners/fixtures generally cause increased signal ripples. Re-positioning the DUT by directing the beam peak away from those areas can reduce the effect of signal ripple on TP measurements. The images on the left of Figure A.3-1 illustrate how to reposition the DUT when the near field coupling effects likely originate from the left, while the images on the right Figure A.3-1 illustrate how to reposition the DUT when the near field coupling effects likely originate from the bottom. In either case, Orientation 1 is used for the measurement of one hemisphere while Orientation 2 is used for the measurement of the opposite hemisphere. This re-positioning approach is applicable to FR2 only.  

[image: image9]
Figure A.3-1: Illustration of DUT re-positioning. The region with reduces signal ripple is illustrated in yellow. The sector which contains the probes is highlighted in blue.  
Due to the non-commutative nature of rotations, the order of rotations is important and needs to be defined when multiple DUT orientations are tested. 

The rotations around the x, y, and z axes can be defined with the following rotation matrices
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and
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with the respective angles of rotation, , ,  and
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Additionally, any translation of the DUT can be defined with the translation matrix
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with offsets tx, ty, tz in x, y, and z, respectively and with 
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The combination of rotations and translation is captured by the multiplication of rotation and translation matrices. 

For instance, the matrix M 


[image: image16.png]M = T(tx: ty! tz) : Rz(y) : Ry(ﬁ) : Rx(a)




describes an initial rotation of the DUT around the x axis with angle α, a subsequent rotation around the y axis with angle β, and a final rotation around the z axis with angle γ. After those rotations, the DUT is translated by tx, ty, tz in x, y, and z, respectively.
<<< END OF CHANGES >>>
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