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Introduction
Testing and calibration aspects is in clause 5.2.2.4 of the TR 38.810 [1]. Each test method including the baseline setup shall provide testing and calibration aspects. This contribution provides the testing and calibration aspects for EIRP/TRP measurements in a Near Field Test Range at mmWave.
2
Proposal
5.2.5
Near Field to Far Field Transform (NTFT)

5.2.5.1
Applicability

-
The applicability criteria of the Near Field setup are:

-
The DUT radiating aperture is D ≤ 5 cm


- Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested

- If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array


- D is based on the MU assessment in Annex x


- If the uncertainties can be further optimized, the MU may be reduced or D may be increased
-
A manufacturer declaration on the following elements is needed:

-
Manufacturer declares antenna array size

-   EIRP, TRP, and spurious emissions metrics can be tested.
5.2.5.2
Measurement Set up Description

The measurement setup is shown in Figure 1:
[image: image1.emf]
Figure 1. Typical Near Field Test setup for EIRP measurement
The key aspects of the Near Field test range are:
· Radiated Near Field UE beam pattern are measured and based on the NFtoFF mathematical transform, the final metric such as EIRP is the same as the metric for the baseline setup

· A positioning system such as the angle between the dual-polarized measurement/link antenna and the DUT has at least two axes of freedom and maintains a polarization reference

· For setups intended for measurements of UE RF characteristics in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT
·   The LTE link antenna provides a stable LTE signal without precise path loss or polarization control
5.2.5.3
Calibration Measurement:

Calibration accounts for the various factors affecting the measurements of the EIRP. These factors include components such as range length path loss, cable losses, gain of the receiving antenna, etc. Each measured data point for radiated power is transformed from a relative value in dB to an absolute value in dBm. For doing that the total path loss from the DUT to the measurement receiver, named L path loss is calibrated out. The calibration measurement is usually done by using a reference antenna with known gain. This approach is based on the so called gain-comparison method [2]. Figure 2 shows the typical configuration for measuring path loss.
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Figure 2: Near Field – Typical setup for path loss measurement
The Lpath loss can be determined from the power into the reference antenna by adding the gain of the reference antenna:


Piso = Pref + Gref

so that:


Lpath loss = Pref + Gref - Ptest 

In order to determine Pref, a cable reference measurement is performed in order to calibrate out the A, and B paths. Assuming that the power at the source is fixed, it can be showed that:


Pref-Ptes=Prec'-Prec
Where Prec is then given by:
and Prec' are the power measured at the receiver during the calibration measurement with the reference antenna and the power measured at the receiver during the cable reference measurement respectively. Lpath loss 

Lpath loss = Gref + Prec' - Prec
5.2.4.5
EIRP Measurement:

The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal polarization) with a grid that is TBD. The TX beam peak direction is where the maximum total component of EIRP is found.
1)
Connect the SS (System Simulator) to the DUT through the measurement antenna with polarization reference PolMeas to form the TX beam towards the previously determined TX beam peak direction and respective polarization. 
2)
Lock the beam toward that direction for the entire duration of the test.

3)
Perform a 3D pattern measurement (amplitude and phase) with the DUT sending a modulated signal.

4)
Determine the EIRP for both polarization towards the TX beam peak direction by using a Near Field to Far Field transform.
5)
Calculate total EIRP = EIRP + EIRP
5.2.4.5-1
TRP measurement

1) Connect the SS to the DUT through the measurement antenna with polarization reference PolMeas to form the TX beam towards the previously determined TX beam peak direction and respective polarization. 

2) Lock the beam toward that direction for the entire duration of the test.

3)
Perform a 3D pattern measurement (amplitude and phase) with the DUT sending a modulated signal.

4)
For each measurement point on the TBD grid, determine the EIRP for both polarization by using a Near Field to Far Field transform.

3) The TRP value for the constant step size measurement grids are calculated using 
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Where N is the number of angular intervals in the nominal theta range from 0 to π and M is the number of angular intervals in the nominal phi range from 0 to 2 π . The TRP values for the constant density grids are calculated using:
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where [image: image11.png]


 is the number of measurement points.
Annex
Measurement Uncertainty format
In Table 1 the list of uncertainty contributors for the Near Field test range is shown:

Table 1: Near Field Test Range Uncertainty contributors for UE EIRP/TRP measurements
	UID
	Description of uncertainty contribution
	Details in paragraph

	
	Stage 1, EIRP Near Field Radiation Pattern Measurement and EIRP Near Field DUT power measurement

	1
	Axis Alignment
	2-1

	2
	Probe XPD 
	2-2

	3
	Probe Polarization Amplitude and Phase 
	2-3

	4
	Probe Array Uniformity 
	2-4

	5
	Probe Pattern Effect 
	2-5

	6
	Multiple Reflections:  Coupling between Measurement Antenna and DUT
	2-6

	7
	Quality of the Quiet Zone 
	2-7

	8
	Phase curvature
	2-24

	9
	Measurement Distance 
	2-8

	10
	NF to FF truncation
	2-9

	11
	Mismatch of receiver chain
	2-10

	12
	Uncertainty of the RF power measurement equipment
	2-11

	13
	Amplifier uncertainties
	2-12

	14
	Phase Recovery Non-Linearity over signal bandwidth
	2-13

	15
	Phase Drift and Noise 
	2-14

	16
	Leakage and Crosstalk
	2-15

	17
	Random uncertainty
	2-16

	
	Stage 2, Calibration measurement

	18
	Uncertainty of the Network Analyzer
	2-17

	19
	Amplifier uncertainties
	2-18

	 20
	Mismatch of receiver chain
	2-19

	21
	Mismatch in the connection of the calibration antenna
	2-20

	22
	Measurement Distance
	2-21

	23
	Quality of the Quiet Zone
	2-22

	24
	Uncertainty of the absolute gain of the calibration antenna
	2-23


2-1
Axes Alignment

Includes the following mechanical alignment errors:

· The uncertainty related with the lateral displacement between the horizontal and vertical axes of the DUT positioner.

· The differences from 90° of the angle between the horizontal and vertical axes.  

· The horizontal mis-pointing of the horizontal axis to the probe reference point for Theta=0°.

These mechanical errors can result in sampling the field on a non-ideal sphere.   

This uncertainty can be considered to have a normal distribution.

2-2
Probe XPD
Refer to B.1.1.4.10 [7].  If the Probe Polarization Amplitude and Phase is measured and corrected for then this uncertainty term can be considered to be zero.

2-3
Probe Polarization Amplitude and Phase 

 The amplitude and phase of the probe polarization coefficients should be measured. This uncertainty is assumed to have a normal distribution.
2-4
Probe Array Uniformity (for multi -probe systems only)
This is the uncertainty due to the fact that different probes are used for each physical position. Different probes have different radiation patterns. Generally, the probe array is calibrated so that the uniformity of the probes is achieved.   This uncertainty term must be considered if the amplitude and phase of each probe is not identical or corrected for.  This uncertainty is assumed to have a normal distribution

2-5
Probe Pattern Effect 

The probe/s pattern/s is assumed to be known so that the DUT measurement in near field can be corrected when performing the near field to far field transform.   If the probe pattern is known, then the uncertainty term is zero.  There is no direct dependence between the DUT pattern and the probe pattern in near field measurements. This uncertainty is assumed to have a normal distribution.

2-6
Multiple Reflections :  Coupling Measurement Antenna and DUT

The multiple reflections occur when a portion of the transmitted signal is reflected form the receiving antenna back to the transmitting antenna and re-reflected by the transmitting antenna back to the receiving antenna. This uncertainty can be determined by multiple measurements of the DUT when at different distance from the probes. This uncertainty is assumed to have a normal distribution.

2-7
Quality of the Quiet Zone 

See B.1.1.4.3
2-8
Measurement Distance

See B.1.1.4.2
2-9
NF to FF truncation
The measured near field is expanded using a finite set of spherical modes. The number of modes is linked to number of samples. The filtering effect generated by the finite number of modes can improve measurement results by removing signals from outside the physical area of the DUT. Care must be taken in order to make sure the removed signals are not from the DUT itself. This term also includes the uncertainty related to the scan area truncation.  This uncertainty is usually negligible.  This uncertainty is assumed to have a normal distribution.  

2-10
Mismatch of receiver chain

See B.1.1.4.4 
2-11
Uncertainty of the RF power measurement equipment 

See B.1.1.4.6.
2-12
Amplifier uncertainties

See B.1.1.4.8
2-13
Phase Recovery Non-Linearity over signal bandwidth

This uncertainty originates from the non-linearity of the phase recovery for wide band signal. The phase recovery can be due to either phase non-linearity of the receiver and/or the DUT itself. The method to quantify the non-linarites is FFS.

2-14
Phase Drift and Noise

This uncertainty is due to the noise level and drift of the test range and should be determined or measured at the DUT location. The noise level is usually measured with a Spectrum Analyzer. This uncertainty is assumed to have a normal distribution.
2-15
Leakage and Crosstalk This uncertainty can be addressed by measurements on the actual system setup. The leakage and crosstalk cannot be separated from the random amplitude and phase errors so that the relative importance should be determined. This uncertainty is assumed to have a normal distribution.

2-16
Random uncertainty

See B.1.1.4.9
2-17
Uncertainty of the Network Analyzer

See B.1.1.4.12
2-18
Amplifier Uncertainties 

See B.1.1.4.8
2-19
Mismatch of receiver chain

See B.1.1.4.4
2-20
Mismatch in the connection of the calibration antenna

See B.1.1.4.4
2-21
Measurement Distance

See B.1.1.4.17 

2-22      Quality of the Quiet Zone
See B.1.1.4.18
2-23      Uncertainty of the absolute gain of the calibration antenna
See B.1.1.4.5.

2-24
Phase curvature

See B.1.1.4.7
Annex
Measurement Uncertainty Assessment

In Table 2, the Uncertainty Value, distribution and standard uncertainty is provided for the uncertainty sources in table 1:

Table 2: Near Field Test Range Measurement Uncertainty for UE TX measurement
	Description of uncertainty contribution
	Uncertainty Value
	Distribution of the probability
	Standard Uncertainty (1 )

	Axis Alignment
	0
	Normal
	0 

	Probe XPD 
	0
	Normal
	0 

	Probe Polarization Amplitude and Phase
	0.11
	Normal
	0.055 

	Probe Array Uniformity (if not corrected for above)
	0
	Normal
	0 

	Probe Pattern Effect (need if not pure FF)
	0
	Normal
	0 

	Multiple Reflections:  Coupling Measurement Antenna and DUT
	0
	Normal
	0 

	Quality of the Quiet Zone (NOTE 1)
	[1.5]
	Actual
	[1.5] 

	Phase curvature (NOTE 3)
	[0]
	Actual
	[0]

	Measurement Distance (no impact)
	0
	Rectangular
	0 

	NF to FF truncation
	[0.006]
	Normal
	[0.003] 

	Mismatch of receiver chain
	[1.3]
	Actual
	[1.3] 

	Uncertainty of the RF power measurement equipment (NOTE 2)
	[2.16]
	Normal
	[1.08]  

	Amplifier uncertainties
	2
	Normal
	1

	Phase Recovery Non-Linearity over signal bandwidth
	[0]
	Normal
	[0] 

	Phase Drift and Noise  (NOTE 2)
	[0.04]
	Normal
	[0.02] 

	Leakage and Crosstalk
	0
	Normal
	0 

	Random uncertainty
	[0.4]
	Rectangular
	[0.23] 

	CALIBRATION

	Uncertainty of the Network Analyzer
	0.4
	Normal
	0.21 

	Amplifier uncertainties
	0
	Normal
	0 

	Mismatch of receiver chain
	0
	U-shaped
	0 

	Mismatch in the connection of the calibration antenna
	0.0987
	U-shaped
	0.07 

	Measurement Distance
	0
	Rectangular
	0 

	Quality of the Quiet Zone
	[1.5]
	Rectangular
	[1.5] 

	Uncertainty of the absolute gain of the calibration antenna
	[1.6]
	Normal
	[0.80]

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[5.92]

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[5.04]

	NOTE 1: The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is [1dB]; for EIRP, the standard uncertainty of quiet zone is [1.5dB].

	NOTE 2: The assessment assumes maximum DUT output power.

	NOTE 3: The impact of phase variation on EIRP is FFS

	NOTE 4: The Phase Recovery Non-Linearity over signal bandwidth is FFS


3
Conclusion
Applicability statements, measurement setup description, testing and calibration aspects, and measurement uncertainty is provided for the Near Field test Range. 
Proposal: Agree on the above topics so that Near Field is added to TR38.810 as alternate test method for EIRP/TRP type of measurements.
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