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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The objective of this study is to define the over the air (OTA) testing methodology for UE RF, UE RRM, and UE demodulation requirements for New Radio, the associated measurement uncertainty budget(s), and the related test tolerances.

The testing methodology development targets frequencies above 6 GHz, and the work is prioritized according to the frequency ranges that are included in the NR work item.
For mmWave NR UEs, RF requirements are specified as OTA requirements, using the applicable metrics.  The definitions of these requirements are expected to align the spatial coverage of the requirement with the UE's working condition acceptable in expected directions. NR is expected to be used in more than one type of UEs, and different spatial coverage requirements may apply to different UE types.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 36.101: “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception”.

[3]
3GPP TS 36.133: “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management”.

[4]
3GPP TS 37.144: “User Equipment (UE) and Mobile Station (MS) GSM, UTRA and E-UTRA over the air performance requirements”.

[5]
3GPP TR 37.977: "Universal Terrestrial Radio Access (UTRA) and Evolved Universal Terrestrial Radio Access (E-UTRA); Verification of radiated multi-antenna reception performance of User Equipment (UE)".

[6]
3GPP TR 37.902: "Measurements of User Equipment (UE) radio performances for LTE/UMTS terminals; Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS) test methodology".
[7]
3GPP TR 38.900: “Study on channel model for frequency spectrum above 6 GHz”.

[8]
3GPP TR 38.803: “Study on New Radio Access Technology; RF and co-existence aspects”.

[9]
3GPP TR 37.842: “Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS)”
[10]
3GPP TR 38.901: “Study on channel model for frequencies from 0.5 to 100 GHz”.
3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

DUT
Device Under Test

FS
Free Space

FWA
Fixed Wireless Access

IF
Intermediate Frequency

LNA
Low Noise Amplifier

NR
New Radio

OTA
Over The Air

PA
Power Amplifier

TI
Test Interface

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
General
4.1
Device types
The following device types are in the scope of this study:

-
Smart phone 

-
Laptop mounted equipment (such as plug-in devices like USB dongles)

-
Laptop embedded equipment 

-
Tablet 

-
Wearable devices  

-
Vehicular mounted device 

-
Fixed Wireless Access (FWA) terminal

-
Fixed mounted devices (e.g. sensors, automation etc.)

-
Other UE types are not precluded for discussion as a second priority.

-
The development of test methodology aspects shall initially focus on the FWA, tablet, and smart phone device types

4.2
Testing configuration
The free space (FS) testing configuration is utilized in this study.

4.3
Test interface

A Test Interface (TI) is needed for certain control and measurement functions. Detailed functions and implementation of the TI are TBD.

4.4
Equivalence criteria

The following 11 points have been agreed as a framework for developing OTA test to prove equivalence. 

1)
Multiple test methods may exist for each requirement.
2)
Each test method will require its own test procedure.

3)
A single conformance requirement applies for each core requirement, regardless of test procedure.

4)
Common maximum accepted test system uncertainty applies for all test methods addressing the same test requirement. Test methods producing significantly worse uncertainty than others at comparable cost should not impact the common maximum accepted test system uncertainty assessment.

5)
Common test tolerances apply for all test methods addressing the same test requirement.

6)
A common way of establishing the uncertainty result from all test methods' individual budgets is established.

7)
A common method of making an uncertainty budget (not a common uncertainty budget) is established.

8)
Establish budget format examples for each addressed test method in the form of lists of uncertainty contributions. Contributions that may be negligible with some DUT and substantial with others should be in this list. For each combination of measurement method and test parameter develop a list with measurement uncertainties.

9)
Describe potential OTA test methods. The description requires information about the test range architecture and test procedure. Addressing each item in each uncertainty budget with respect to the expected distribution of the errors, the mechanism creating the error and how it interacts with properties of the DUT. 

10)
 Providing example uncertainty budgets in the TR will be useful in order to demonstrate the way a budget should be defined and how calculating its resulting measurement uncertainty is done, but the figures used in the examples will clearly be only examples and not applicable in general.

11)
 Each test instance may require an individual uncertainty budget applicable for the combination of the test facility, the DUT and the test procedure and property tested. Here, the tester demonstrates that the uncertainty requirement is fulfilled during the conformance testing.

The linking of core requirements via test methods to conformance requirements is depicted in figure 4.4-1.
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Figure 4.4-1: OTA requirement to test mapping
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
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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2

2

D

R

>

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.

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


As can be seen in the table, 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.

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: image5.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>
6
UE RRM testing methodology

6.1
General

Testability aspects of the UE have been considered. Unless otherwise indicated below, device under test (DUT) refers to UE nodes. The exact list of RRM tests for UE can only be determined once the core requirements are settled.

For frequency bands above 6GHz (eg mm-wave), conducted antenna connectors are assumed not to be available at DUT and the OTA testing is considered as the baseline approach for NR RRM testability. 
The possibility of performing conducted tests using an intermediate frequency (IF) were evaluated. It was decided that this approach would be challenging to standardise for various reasons since IF is an internal interface in the DUT and using a standardised IF (signal level, number of IF ports, IF frequency etc) would preclude many different DUT implementations including direct conversion receivers. In addition, IF testing excludes all components which operate at the radio frequency such as RF filters, duplexers, transmit receive switch, low noise amplifier (LNA), power amplifier (PA), analogue beamforming phase shifting elements etc, and the algorithms which control such components from the test.

Further details of a suitable OTA test environment are to be discussed in the work item, and may have impact to the core requirements which are defined. For example, side conditions for the applicability of core requirements should be defined in a way in which they can be ensured in an OTA environment.
6.2
Measurement setup

6.2.1
Baseline setup

6.2.1.1
Description

The baseline measurement setup of RRM characteristics for f > 6 GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources and is shown in Figure 6.2.1.1-1 below.

<Editor’s note: diagram TBD>

Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The RRM baseline measurement setup shares all aspects in common with the UE RF setup defined in 5.2.1 and includes the following aspects in addition:

- 
N sets of cross-polarised antennas transmitting the signals from the emulated gNB sources to the DUT
-
Up to 2 NR transmission reception points TRxPs are emulated

- 
N ≥ NMAX_AoAs, where NMAX_AoAs is the maximum number of total simultaneously emulated angles of arrival considering the modeled propagation conditions. Here “angle of arrival” refers to the arrival direction of the signals physically emulated in the chamber as result of the method used for channel emulation (and not directly to the same terminology used for clusters and sub-pathes specified in CDL model of TR 38.901).
- 
For non-standalone (NSA) NR devices, the test setup shall emulate in addition 1 LTE cell
-
The emulated LTE cell provides a stable LTE signal without precise propagation modelling or path loss control between it and the DUT

-   
A positioning system such that at least 1 antenna provides for an angular relationship with the DUT with two axes of freedom that is independently controllable (or the setup should provide equivalent functionality)
-
It is FFS whether more than 1 antenna needs to provide independently controllable angular relationships with the DUT.
-
The N emulated signal sources will transmit into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level. The method for achieving this is FFS, pending further definition of the standard.
-
It is likely that the measurement uncertainty budget for the RRM setup may contain additional measurement uncertainty elements relative to the setup defined in 5.2.1

-
It is FFS how to model propagation conditions between the DUT and the emulated gNB sources

6.2.1.2
Parameter mapping to RRM requirements

<Editor’s note: clause content is FFS>
6.2.1.3
Far-field criteria

<Editor’s note: clause content is FFS>

6.2.1.4
Testing and calibration aspects
6.3
Summary of measurement uncertainty and test tolerances

<Editor’s note: clause captures the outcome of the UE RRM test methodology development per SID objectives; detailed measurement uncertainty budgets are listed in Annex B>
7
UE demodulation testing methodology

7.1
General

<Editor’s note: clause content is FFS>
7.2
Measurement setup

7.2.1
Baseline setup

7.2.1.1
Description

<Editor’s note: clause content is FFS>
7.2.1.2
Parameter mapping to demodulation requirements

<Editor’s note: clause content is FFS>
7.2.1.3
Far-field criteria

<Editor’s note: clause content is FFS>

7.2.1.4
Testing and calibration aspects
7.3
Summary of measurement uncertainty and test tolerances

<Editor’s note: clause captures the outcome of the UE demodulation test methodology development per SID objectives; detailed measurement uncertainty budgets are listed in Annex B>
8
Propagation conditions

<Editor’s note: descriptions and definitions of propagation conditions are FFS>

<Editor’s note: procedures to verify emulated propagation conditions are FFS>
8.1
General

<Editor’s note: clause content is FFS>

Annex A:
Environment conditions
A.1
Scope
<Editor’s note: define applicability of the listed environment conditions to DUT types>

A.2
Ambient temperature

<Editor’s note: clause content is FFS>
A.3
Operating voltage

<Editor’s note: clause content is FFS>
Annex B:
Measurement uncertainty

B.1
Measurement uncertainty budget for UE RF testing methodology

B.1.1
Baseline setup

B.1.1.1
Uncertainty budget calculation principle

The uncertainty tables should be presented with two stages:

-
Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain is known at the frequencies of measurement

-
Stage 2: the actual measurement with the DUT as either the transmitter or receiver is performed.

The MU budget should comprise of a minimum 5 headings:

1)
The uncertainty source,

2)
Uncertainty value,

3)
Distribution of the probability,

4)
Divisor based on distribution shape,

5)
Calculated standard uncertainty (based on uncertainty value and divisor).

B.1.1.2
Uncertainty budget format

B.1.1.3
Uncertainty assessment

B.1.1.4
Measurement error contribution descriptions

B.1.2
Baseline setup simplification

<Editor’s note: clause content is FFS>
B.2
Measurement uncertainty budget for UE RRM testing methodology

B.2.1
Baseline setup

<Editor’s note: >
B.3
Measurement uncertainty budget for UE demodulation testing methodology

B.3.1
Baseline setup

<Editor’s note: clause content is FFS>
Annex C:
UE coordinate system

C.1
Reference coordinate system

This annex defines the measurement coordinate system for the NR UE.  The reference coordinate system, reused from the LTE MIMO OTA definition in [5], is provided in Figure C.1-1 below.
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Figure C.1-1: Reference coordinate system

The following aspects are necessary:

-
A basic understanding of the top and bottom of the device is needed in order to define unambiguous DUT positioning requirements for the test

-
An understanding of the origin of the test system (i.e. the direction in which the x-axis points inside the test chamber) is needed in order to define unambiguous DUT orientation, DUT beam, signal, interference, and measurement angles

C.2
Test conditions and angle definitions

Table C.2-1 below provides the test conditions and angle definitions.

Table C.2-1: Test conditions and angle definitions
	Test condition
	DUT
orientation
	Link
angle
	Measurement
angle
	Diagram

	Free space
	Ψ=0;
Θ=0;
Φ=0
	θLink;
φLink

with polarization reference PolLink = θ or ;
φ
	ΘMeas;
φMeas

with polarization reference 
PolMeas = θ or ;
φ
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	NOTE 1: A polarization reference, as defined in relation to the reference coordinate system in E.1, is maintained for each signal angle, link or interferer angle, and measurement angle


For each UE requirement and test case, each of the parameters in Table C.2-1 are defined as single values or ranges of values, such that DUT positioning, DUT beam direction, and angles of the signal, link/interferer, and measurement are specified.
C.3
DUT positioning guidelines

The centre of the reference coordinate system shall be aligned with the geometric centre of the DUT in order to minimize the offset between antenna arrays integrated at any position of the UE and the centre of the quiet zone.
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