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1.
Introduction

During RAN4#78, a text proposal for OTA sensitivity measurements when using Near Field test Methods was presented [1]. The uncertainty contributors list was also provided in [2]. At that time, we received some feedbacks/concerns and tried to address those. Some simulation results were then presented during RAN4#78-bis [3] in which two possible AAS BS implementations were investigated and the concerns addressed for these test cases. During RAN4#78-bis a big Text proposal for radiated test methods to the TR37.842 was also approved [4]. This contribution provides a text proposal for inclusion of the Near Field Test method in the TR 37.842 OTA sensitivity session. The contribution is for approval.
2.
Discussion

This text proposal provides the OTA sensitivity measurement testing procedure, calibration and uncertainty contributors table for the near field test range.
3.
Conclusion

The Near Field Test Range is a candidate testing methodology for AAS BS OTA sensitivity measurement.

4.
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[Text Proposal]
10.3.2
OTA sensitivity
10.3.2.1
Test Methods
10.3.2.1.4
Near Field Test range
10.3.2.1.4.1
Description
The Near Field measurement techniques consist in measuring amplitude and phase of the modulated signal at the AAS under test, on some specific surfaces such as planar, cylindrical, and spherical. Each of the near field test methods can be implemented by one or more mechanical rotations of the probe and/or AAS under test as shown in Figure 10.3.2.1.4.1-1. One or more mechanical movement can be substitute by a probe array. All the scanning methods will need an RF transmit and receive system equipped with an automated scanning, a data collection and control system, and computerized analysis ability. 
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Figure 10.3.2.1.4.1-1. Probe/Scanner Near Field System

In case the radiated field is sampled on a sphere surrounding completely the AAS under test, the 3D full sphere EIS values can be measured in Near Field when the AAS is receiving a defined modulated signal. The near field measurement techniques would imply the use of mathematical artefact, NF to FF transform in order to have the EIS value the in Far Field. The Near Field to Far Field transform is based on the well-known Hyugens-Fresnel principle. The spherical modal wave expansion is the implicit application of the Hyugens principle. A direct solution of the Helmholtz equations is found by applying boundary conditions on the surface S at infinity. From the tangential fields over the surface, the modal coefficients can be determined using the orthogonality of the modal expansion.  Based on this formulation, the Near Field sampling criteria does play an important role. 
10.3.2.1.4.2
Test Method limitations and scope

Near Field Test Method is suitable for OTA sensitivity measurement of AAS BS implementations where the all beam forming is done in RF prior to the BB interface. Beam-forming shall be either preset or fixed.

10.3.2.1.4.3
Procedure
Calibration
Calibration shall account for the various factors affecting the measurements of the EIS. These factors include components such as range length path loss, cable losses, gain of the receiving antenna, etc…Each measured data point for radiated sensitivity 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 shall be 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 [14]. Figure 10.3.1.1.4.3-1 shows the typical configuration for measuring path loss:
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Figure 10.3.1.1.4.3-1 Typical Lpath loss measurement configuration

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 shall be 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

Measurement
The testing procedure consists in the following steps:
· AAS EIS Near Field radiation pattern measurement
· This is performed when the AAS will be receiving a defined modulated signal
· AAS EIS Near Field Sensitivity Measurement
· This is performed by measuring the sensitivity in Near Field when a modulated signal is received by the AAS
· AAS EIS Near Field to Far Field Transformation
Sensitivity measurement is applied
AAS EIS Near Field to Far Field Transformation

The Near Field to Far Field transformation is a mathematical computation which is applied to the Near Field measured radiation pattern in order to compute the Far Field radiation pattern. It is typically performed expanding the measured near filed over a set of orthogonal basis functions. The Near to Far field transform is then performed in two steps:

· Expansion (or projection) of the measured Near Field over a set of orthogonal basis functions in order to evaluate the transformed spectrum Emeas(r) = Spectrum * Fbasis(r)
· FF (EFF) computation using a the previuosly calculated spectrum and with the basis functions evaluated at r(∞ : EFF = Spectrum * Fbasis(r ( ∞)
When performing the near field to far field transformation, the EIS sensitivity measurement is applied so that the EIS near field pattern will be transformed from relative power, dB to absolute power, dBm. In this specific case, the EIS Far Field pattern is expressed in terms of the absolute power received by the AAS.
AAS OTA Sensitivity 

Once the full 3D Far Field EIS pattern has been computed, the OTA sensitivity can be derived.

10.3.2.1.4.4 Uncertainty budget format
Table 10.3.2.1.4.4-1: Near Field Test Range Uncertainty contributors in AAS EIS measurement

	UID
	Description of uncertainty contribution
	Details in paragraph

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

	1
	Axes Intersection
	C.4.1

	2
	Axes Orthogonality
	C.4.2

	3
	Horizontal Pointing
	C.4.3

	4
	Probe Vertical Position
	C.4.4

	5
	Probe H/V pointing
	C.4.5

	6
	Measurement Distance
	C.4.6

	7
	Amplitude and Phase Drift
	C.4.7

	8
	Amplitude and Phase Noise
	C.4.8

	9
	Leakage and Crosstalk
	C.4.9

	10
	Amplitude Non-Linearity
	C.4.10

	11
	Amplitude and Phase Shift in rotary joints
	C.4.11

	12
	Channel Balance Amplitude and Phase
	C.4.12

	13
	Probe Polarization Amplitude and Phase
	C.4.13

	14
	Probe Pattern Knowledge
	C.4.14

	15
	Multiple Reflections
	C.4.15

	16
	Room Scattering
	C.4.16

	17
	DUT support Scattering
	C.4.17

	18
	Scan Area Truncation
	C.4.18

	19
	Sampling Point Offset
	C.4.19

	20
	Spherical Mode Truncation
	C.4.20

	21
	Positioning
	C.4.21

	22
	Probe Array Uniformity
	C.4.22

	23
	Mismatch of transmitter chain (i.e. between receiving antenna and vector signal generator)
	C.4.23

	 24
	Insertion loss of transmitter chain
	C.4.24

	25
	Uncertainty of the absolute gain of the probe antenna
	C.4.25

	26
	Vector Signal Generator

a)uncertainty of the absolute power level

b)stability

c)stability over temperature

d)linearity
	C.4.26

	27
	Measurement repeatability – Positioning Repeatability
	C.4.27

	
	Stage 2, Calibration measurement

	28
	Uncertainty of network analyser

a)drift (temp, oscillators, filters, etc.) start to end time of   measurements
	C.4.28

	29
	Mismatch of transmitter chain
	C.4.29

	30
	Insertion loss of transmitter chain
	C.4.30

	31
	Mismatch in the connection of the calibration antenna
	C.4.31

	32
	Influence of the calibration antenna feed cable
	C.4.32

	33
	Influence of the probe antenna cable
	C.4.33

	34
	Uncertainty of the absolute gain of the calibration antenna
	C.4.34

	35
	Short term repeatability
	C.4.35


10.3.2.1.4.5
Uncertainty assessment
Text to be added
 C.4
Near Field Test Range
C.4.1 Axes Intersection

This is a mechanical uncertainty term and aim to find the uncertainty related with the lateral displacement between the horizontal and vertical axes of the DUT positioner. This can result in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
C.4.2 Axes Orthogonality

The difference from 90deg of the angle between the horizontal and vertical axes also results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
C.4.3 Horizontal Pointing

The horizontal mispointing of the horizontal axis to the probe reference point for Theta=0deg also results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
C.4.4 Probe Vertical position
The vertical displacement of the probe reference point from the horizontal axis results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.

C.4.5 Probe Horizontal/Vertical pointing

The horizontal or vertical mispointing of the probe z-axis from the intersection point of the horizontal/vertical axis. This uncertainty is assumed to have a uniform distribution. 

C.4.6 Measurement distance
This is the knowledge of the distance between the intersection point of the horizontal and vertical axis and probe reference point. This uncertainty is assumed to have a uniform distribution.

C.4.7 Amplitude and phase drift

The system drift due to temperature variations causes the signal at DUT location to drift in amplitude and phase. This uncertainty is assumed to have a uniform distribution.
C.4.8 Amplitude and phase noise

This uncertainty is due to the noise level of the test range so that the S/N ratio 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 uniform distribution.
C.4.9 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.

C.4.10 Amplitude non-Linearity

This uncertainty is the linearity of the receiver used for the measurement. It can be taken from the data sheet of the receiver.

C.4.11 Amplitude and phase shift in rotary joint

This uncertainty is due to the variation of the rotary joint. It can be measured and is assumed to have a uniform distribution.

C.4.12 Channel balance amplitude and phase

This uncertainty is relevant for systems which are using dual polarized probes and polarization switches. The amplitude and phase difference between two signal channels of the receiver includes the difference between the probe ports, difference between the channels of the polarization switch, connecting cables and reflection coefficients. This uncertainty is assumed to have a uniform distribution.

C.4.13 Probe polarization amplitude and phase

The amplitude and phase of the probe polarization coefficients should be measured. This uncertainty is assumed to have a uniform distribution.

C.4.14 Probe pattern knowledge

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. There is no direct dependence between the DUT pattern and the probe pattern in near field measurements. This uncertainty is assumed to have a uniform distribution.

C.4.15 Multiple reflections

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 uniform distribution.

C.4.16 Room scattering

As for the multiple reflections, a portion of the transmitted signal is reflected by either the absorbers or other structures in the measurement anechoic chamber before being received by the receiving antenna. This effect can be isolated from the multiple reflections by testing the DUT in different positions, separated by λ/4 with respect to the anechoic chamber and comparing these measurements with the reference. This uncertainty is assumed to have a uniform distribution.

C.4.17 DUT support scattering

This is the uncertainty due to the DUT supporting structure on the signal level. This uncertainty is assumed to have a uniform distribution.

C.4.18 Scan area truncation

This uncertainty does affect the near field measurement. It can be addressed by comparing the measurement result when scanning the full area. This uncertainty is assumed to have a uniform distribution.

C.4.19 Sampling point offset

This uncertainty has an influence in near field and far field. It is assumed to have a uniform distribution.

C.4.20 Spherical Mode 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 uncertainty is usually negligible.

C.4.21 Positioning

The relative position of the probe array is not ideal. This uncertainty is assumed to have a uniform distribution.

C.4.22 Probe array uniformity

This is the uncertainty due to the fact that different probes are used for each physical position. Different probes have different radiation patterns. This uncertainty is assumed to have a uniform distribution.

C.4.23 Mismatch of transmitter chain

If the same chain configuration (including the vector signal generator; the probe antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant ( 0.00dB value.

If it is not the case, this uncertainty contribution has to be taken into account and should be measured or determined by the method described in [15]. This uncertainty is assumed to have a U-shaped distribution
C.4.24 Insertion loss of transmitter chain

It is composed of the following:

· Insertion loss of the probe antenna cable

· Insertion loss of the probe antenna attenuator (if used)

Insertion loss of RF relays (if used)If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant ( 0.00dB value. This uncertainty is assumed to have a uniform distribution.

C.4.25 Uncertainty of the absolute gain of the probe antenna

This uncertainty appears in the both stages and it is thus considered systematic and constant( 0.00dB value.
C.4.26 Vector Signal Generator

This uncertainty is composed of three uncertainties being:

· absolute power level

· stability

· stability over temperature

· linearity

The expanded uncertainty is the Root Square Sum (RSS) of the standard uncertainties for each uncertainty contributors. Each uncertainty can be taken from the instrument data sheet and is assumed to have a uniform distribution.

C.4.27 Measurement Repeatability – Positioning Repeatability

This uncertainty is due to the repositioning of the DUT in the test setup. It can be addressed by repeating the corresponding measurement 10 times. Calculate the standard deviation of the metric obtained and use that as the measurement uncertainty. For tests that require multiple setups, the worst-case standard deviation shall be used. This uncertainty is assumed to have a uniform distribution.
C.4.28 Uncertainty of Vector Network Analyzer

This uncertainty includes the all uncertainties involved in the S21 measurement with a vector network analyzer, and will be calculated from the manufacturer’s data sheet. This uncertainty is assumed to have a uniform distribution.
C.4.29 Mismatch of transmitter chain

If the same chain configuration (including the measurement receiver; the probe antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant ( 0.00dB value.

If it is not the case, this uncertainty contribution has to be taken into account and should be measured or determined by the method described in [15]. This uncertainty is assumed to have a U-shaped distribution
C.4.30 Insertion loss of transmitter chain

If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant ( 0.00dB value. This uncertainty is assumed to have a uniform distribution.
C.4.31 Mismatch in the connection of the calibration antenna

This is the uncertainty from the mismatch in the connection between the system coax cable and the calibration antenna. It should be measured or determined by the method described in [15]. This uncertainty is assumed to have a U-shaped distribution.
C.4.32 Influence of the calibration antenna feed cable

This uncertainty is due to the impact of the feeding cable on the radiation properties of the calibration antenna. In case of using either a standard horn or standard gain horn, the impact of the cable is to be considered negligible thus the uncertainty ( 0.00dB value. In case of using a dipole-like antenna, the uncertainty should be addressed by measuring this impact. This uncertainty is assumed to have a uniform distribution.
C.4.33 Influence of the probe antenna cable

If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant ( 0.00dB value. This uncertainty is assumed to have a uniform distribution
C.4.34 Uncertainty of the absolute gain of the calibration antenna

The calibration antenna only appears in Stage 2. Therefore, the gain/efficiency uncertainty has to be taken into account. This uncertainty will be calculated from the manufacturer’s calibration certificate and is assumed to have a uniform distribution, unless otherwise informed (see clause 5.1.2 in [16]).

If the manufacturer’s calibration certificate do not give the information, the value has to be checked, see annex A-12 in [17]

C.4.35 Short term repeatability
It can be addressed by performing a repeatability test of the calibration antenna. This uncertainty is assumed to have a uniform distribution.
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