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1.
Introduction

This document includes a text proposal for adding CATR as an RF baseline set-up for arbitrary size devices as proposed in [1] taking into account latest 38.810 version in [2].
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5
UE RF testing methodology

5.1
General

It is reasonable to expect a high level of integration of high-frequency NR devices (e.g., devices operating above 6 GHz).  Such highly integrated architectures may feature innovative front-end solutions, multi-element antenna arrays, passive and active feeding networks, etc. that may not be able to physically expose a front-end cable connector to the test equipment.

For UE RF test methodology at high frequency (f > 6 GHz), the following general aspects apply:

-
OTA measurement is the baseline testing methodology for UE RF at high frequency (f > 6 GHz)

-
Possible optimizations, such as near-field approximation or others, are not precluded; such optimizations shall demonstrate methodology equivalence to the baseline
5.2
Measurement setup

5.2.1
Baseline setup

5.2.1.1
Description

The baseline measurement setup of UE RF characteristics for f > 6 GHz is capable of centre and off centre of beam measurements and is shown in Figure 5.2.1.1-1 below.
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Figure 5.2.1.1-1: Baseline measurement setup of UE RF characteristics 
The key aspects of the baseline setup are:

-
Far-field measurement system in an anechoic chamber

-
The criterion for determining the far-field distance is described in 5.2.1.3

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

-
A positioning system such that the angle between the link antenna and the DUT has at least two axes of freedom and maintains a polarization reference; this positioning system for the link antenna is in addition to the positioning system for the measurement antenna and provides for an angular relationship independently controllable from the measurement antenna

-
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

The applicability criteria of the baseline setup are:

-
The DUT radiating aperture is D ≤ 5 cm

-
The total test volume is a sphere with 15 cm diameter

-
A manufacturer declaration on the following elements is needed:

-
Manufacturer declares antenna array size

-
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
An additional baseline measurement setup without restrictions on D, for UE RF characteristics for f > 6 GHz, capable of centre and off centre of beam measurements, is shown in Figure 5.2.1.1-2.
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Figure 5.2.1.1-2: Baseline measurement setup of UE RF characteristic 
The key aspects of this baseline setup are:

-
Compact Antenna Test Range (CATR) as the one used in 3GPP 3GPP TR 37.842 with quiet zone diameter at least D.
- 
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom and maintains a polarization reference

-
Before performing the UBF, the measurement probe acts as a link antenna maintaining polarization reference with respect to the DUT. Once the beam is locked then the link is to be passed to the link antenna which maintains reliable signal level with respect to the DUT.

-
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
The applicability criteria of this baseline setup are:

-
The total test volume is a cylinder with diameter d and height h
-    DUT must fit within the total test volume for the entire duration of the test
-    No manufacturer declaration is needed 
5.2.1.2
Parameter mapping to RF requirements

<Editor’s note: clause content is FFS>
5.2.1.3
Far-field criteria

The minimum far-field distance R for a traditional far field anechoic chamber can be calculated based on the following equation: 
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where D is the diameter of the smallest sphere that encloses the radiating parts of the DUT. The near/far field boundary for different antenna sizes and frequencies is shown in Table 5.2.1.3-1. Example of path losses for a CATR can be found in Table 5.2.1.3-2
Table 5.2.1.3-1: Near field/far field boundary for different frequencies and antenna sizes for a traditional far field anechoic chamber
	D(cm)
	Frequency (GHz)
	Near/far boundary (cm)
	Path Loss(dB)
	Frequency (GHz)
	Near/far boundary (cm)
	Path Loss(dB)

	5
	28
	48
	55
	100
	168
	76.9

	10
	28
	188
	66.9
	100
	668
	88.9

	15
	28
	420
	73.8
	100
	1500
	96

	20
	28
	748
	78.9
	100
	2668
	101

	25
	28
	1168
	82.7
	100
	4168
	104.8

	30
	28
	1680
	85.9
	100
	6000
	108


Table 5.2.1.3-2: Example of CATR path losses 
	DUT size [cm]
	Frequency (GHz)
	Path Loss(dB)

	5
	24
	49.7

	
	28
	51

	
	52.6
	56

	10
	24
	56.9

	
	28
	58.2

	
	52.6
	63.7

	15
	24
	60

	
	28
	61.4

	
	52.6
	66.8

	30
	24
	66.5

	
	28
	67.8

	
	52.6
	73.3

	NOTE 1:
	Final values will depend on CATR specific implementation


As can be seen in the table 5.2.1.3-1, the distance can be very large for larger antenna sizes and higher frequencies. This could lead to very large chambers that would be prohibitively expensive.

Generally, the exact antenna size of the DUT is unknown since the device will be in its own casing during the test and this also depends on other factors such as ground coupling effects that depend on the design. The largest device size (e.g. diagonal) could be used; however, this would lead to very large chambers even for relatively small devices. A practical way to determine the far field distance is needed.

For the baseline setup, it has been proposed to determine the testing distance based on a manufacturer declaration. One of the risks of this approach is that a distance shorter than the actual far field is chose. It should be further studied whether this could lead to underperforming devices passing the tests due to measurement inaccuracies (e.g. whether a shorter distance will lead to better measurement results than the actual far field distance).

Additionally, an experimental method was proposed to determine the far field distance based on path loss measurements. This method is based on the fact that the path loss exponent is different in the near field and the far field. By measuring the path loss gradient over a certain distance, the near/far field boundary could be found. The results of an experiment conducted on a Band 3 LTE device are shown in Figure 5.2.1.3-1. The minimum far field distance can be found at the regression intercept point.

[image: image4.emf]
Figure 5.2.1.3-1: LTE UE FDD band 3 measurements to determine the minimum far-field distance
The figure shows an example result for the case where the frequency is 1.85 GHz. The approximate device dimensions were 13 x 8 cm.  Under these conditions, the canonical minimum far-field distance would be 28.7 cm.  According to this method, the minimum measurement distance would be 13.8 cm.  Further work is required to determine whether this technique provides valid results for much higher frequencies and general device types.

Methods to reduce measurement distance for AAS BS are Compact Antenna Test Range, One Dimensional Compact Range, and Near Field Test Range which are all listed in TR 37.842 [9]. These may be used for NR provided they meet the equivalence criteria relative to the baseline measurement setup. Other methods are not precluded.
5.2.1.4
Testing and calibration aspects

5.2.2
Baseline setup simplification for centre of beam measurements

5.2.2.1
Description

The baseline setup in 5.2.1 can be simplified in the following way to perform centre of the beam measurements: 
-
The measurement and the link antenna can be combined so that the single antenna is used to steer the beam and to perform UE RF measurements.

The measurement setup of UE RF characteristics for f > 6 GHz capable of centre of beam measurements and is shown in Figure 5.2.1.1-1 below.
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Figure 5.2.2.1-1: Centre of beam measurement setup of UE RF characteristics
5.2.2.2
Parameter mapping to RF requirements

<Editor’s note: clause content is FFS>
5.2.2.3
Far-field criteria

<Editor’s note: initial agreements captured in 10.2.2.4 of 38.803>

5.2.2.4
Testing and calibration aspects
5.3
Summary of measurement uncertainty and test tolerances

<Editor’s note: clause captures the outcome of the UE RF test methodology development per SID objectives; detailed measurement uncertainty budgets are listed in Annex B>
<< End of text proposal >>
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