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A.3	Test system of Anechoic Chamber method
[bookmark: _Toc37324422][bookmark: _Toc37323016][bookmark: _Toc37254158][bookmark: _Toc36469741][bookmark: _Toc36456643][bookmark: _Toc29805434][bookmark: _Toc21340986]A.3.1	System setup
For FR1 TRP TRS testing, both Single-antenna and multiple-antennas anechoic chambers can both be applied. In Figure A.3.1-1, an example TRP TRS test system with combined axes system is presented. 
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Figure A.3.1-1: Example of a FR1 TRP TRS OTA test system with combined axis
In Figure A.3.1-2, an example TRP TRS test system with distributed axes system is presented. 
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Figure A.3.1-2: Example of a FR1 TRP TRS OTA test system with distributed axis
A.3.2	Calibration procedure
The relative power values of the measurement points will be transformed to absolute radiated power values (in dBm) by performing a range path loss calibration measurement. The system needs to be calibrated by using a reference calibration antenna with known gain values. In the range path loss calibration measurement, the reference antenna is measured in the same place as the DUT, i.e. the center of the QZ, and the attenuation of the complete transmission path () from the DUT to the measurement receiver/BS simulator is calibrated out.
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Figure A.3.2-1: Example FR1 TRP TRS calibration setup
The calibration measurement is repeated for each measurement path (two orthogonal polarizations and each signal path). The range path loss calibration measurement is performed in a two-step process including total path loss measurement and cable calibration.
Step 1: Cable calibration: the measurement of path loss LDE , by connecting the cable from D to E to the two ports of VNA, and measure the cable path loss.
Step 2: Total path loss measurement: the measurement of total path loss LBC;
1. Place the reference calibration antenna (e.g. reference dipole) in the center of the test zone aligned with θ polarization of the measurement antenna, connected to a VNA port E, with the other VNA port C connected to the input of the Switch box – in Figure A.2.2-1.
2. Configure the proper output power of VNA.
3. Measure the response LCE of each path from each θ polarization of the measurement antenna to the reference antenna in the center of QZ.
4. Repeat the steps 1 to 3 with the reference antenna aligned with the ϕ polarization of the measurement antenna.
Then, the  , Where LDE  is cable loss from D to E.  is the gain or efficiency of the calibration antenna at the frequency of interest. In TRP and TRS measurements point C is connected to the calibrated input/output port of measurement receiver.
This range path loss calibration procedure is common to both SA and EN-DC measurements.
A.3.3	Test procedure
[bookmark: _Toc37324425][bookmark: _Toc37323019][bookmark: _Toc37254161][bookmark: _Toc36469744][bookmark: _Toc36456646][bookmark: _Toc29805437][bookmark: _Toc21340989]A.3.3.1 General
For TRP and TRS testing in SA or EN-DC mode, measurements should be only performed at NR carrier. The LTE link antenna in EN-DC mode is used to provide a stable LTE link to the DUT without precise path loss or polarization control.
A.3.3.2 TRP Test procedure
The TRP of the DUT is measured by sampling the radiated transmit power of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 15 degrees in both theta () and phi () axes for TRP measurement. This accounts for a total of 266 measurements for each of two orthogonal polarizations since measurements at theta = 0 and 180 degrees only require one measurement each. For some test system can not measure 180º EIRP, then the extrapolation approach can be adopted when generating the 3D antenna pattern. All of the measured power values will be integrated to TRP, as defined in Clause 5.1 in [2].
For TRP measurement, the evaluations shall be performed at maximum transmit power. 
The measurement procedure includes the following steps:
1) Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2) Connect the SS with the DUT through the link antenna following steps 1 and 2 in section 6.2.1.4.2 of TS 38.521-1 [5] and ensure the DUT transmits with its maximum power.
3) Measure the power at each measurement point, and calculate  by adding the composite loss of the entire transmission path.
The TRP value is calculated using the TRP integration approaches outlined in Clause 5.1 in [2].
This TRP test procedure is common to both SA and EN-DC measurements. The detailed UE configurations for TRP test in SA and EN-DC mode are specified in Clause A.2.
A.3.3.3 TRS Test procedure
The TRS of the DUT is measured by sampling effective isotropic sensitivity (EIS) of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 30 degrees in both theta () and phi () axes for TRS measurement. 
EIS, or receiver sensitivity measurements, is defined as the minimum downlink signal power received at the UE antenna input required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel (RMC) (the maximum throughput is per Appendix A of TS 38.521-1 [5]).
For TRS measurement, the evaluations shall be performed at maximum transmit power. 
The measurement procedure includes the following steps:
1) Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2) Connect the SS with the DUT through the measurement antenna.
3) Follow steps 1 through 4 in section 7.3.2.4.2 of TS 38.521-1 [5], with the following exception: determine each EIS, i.e., by adjusting the downlink signal level until the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the NR sensitivity level.
The TRS value is calculated using the equation outlined in Clause 5.2 in [2].
This TRS test procedure is common to both SA and EN-DC measurements. The detailed UE configurations for TRS test in SA and EN-DC mode are specified in Clause A.2.
A.3.4	Minimum Range Length
This sub-section specifies the minimum range lengths for Anechoic-Chamber-based FR1 TRP-TRS OTA systems. The range length is defined as the distance from the centre of the quiet zone to the aperture of the measurement probes/antennas, as illustrated in Figure A.3.4-1. 
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Figure A.3.4-1: Illustration of range length definition
The minimum range length shall be the maximum of the following three limits

-	The phase uncertainty limit: RQZ+2Drad2/
-	The amplitude uncertainty limit: 3D
-	The reactive Near-Field limit: RQZ+2
where RQZ is defined as the radius of the quiet zone, i.e., RQZ=D/2, and Drad is the diameter of the effective radiating aperture. The minimum range length calculations for D=30cm quiet zone size TRP-TRS OTA test systems shall assume that Drad is 30cm below 1GHz and decrease linearly from 30cm to 5cm from 1GHz to 7.125GHz, respectively. The last column of Table A.3.4-1 shall be considered the minimum range length for NR FR1 TRP-TRS OTA systems with 30cm quiet zone size.
Table A.3.4-1: Minimum Range Length for NR FR1 TRP-TRS OTA systems with 30cm quiet zone size.
	F [GHz]
	Drad [m]
	RQZ+2Drad²/λ
	3D = 6RQZ
	RQZ+2λ
	max(RQZ+2λ,3D,RQZ+2D²/λ)

	0.41
	0.30
	0.40
	0.9
	1.61
	1.61

	0.6
	0.30
	0.51
	0.9
	1.15
	1.15

	0.7
	0.30
	0.57
	0.9
	1.01
	1.01

	0.8
	0.30
	0.63
	0.9
	0.90
	0.90

	1
	0.30
	0.75
	0.9
	0.75
	0.90

	1.2
	0.29
	0.83
	0.9
	0.65
	0.90

	1.4
	0.28
	0.90
	0.9
	0.58
	0.90

	1.6
	0.28
	0.96
	0.9
	0.52
	0.96

	1.8
	0.27
	1.01
	0.9
	0.48
	1.01

	2
	0.26
	1.05
	0.9
	0.45
	1.05

	2.2
	0.25
	1.07
	0.9
	0.42
	1.07

	2.4
	0.24
	1.09
	0.9
	0.40
	1.09

	2.6
	0.23
	1.11
	0.9
	0.38
	1.11

	2.8
	0.23
	1.11
	0.9
	0.36
	1.11

	3
	0.22
	1.10
	0.9
	0.35
	1.10

	4
	0.18
	0.99
	0.9
	0.30
	0.99

	5
	0.14
	0.77
	0.9
	0.27
	0.90

	6
	0.10
	0.52
	0.9
	0.25
	0.90

	7
	0.06
	0.29
	0.9
	0.24
	0.90

	7.125
	0.05
	0.27
	0.9
	0.23
	0.90
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