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< Unchanged sections omitted >
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 in FR2, 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.
< Unchanged sections omitted >
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 in FR2). 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 in FR2, the following general aspects apply:

-
OTA measurement is the testing methodology for UE RF in FR2 
-
Permitted test methods are defined in subclause 5.2 and shall demonstrate equivalence to the far field environment.
5.2
Permitted test methods
A permitted test method meets the equivalence criteria to the far field environment by having an MU less than or equal to the threshold MU for at least one test case. The applicability of methods is described in subclause 5.3.

5.2.1
Direct far field (DFF)
5.2.1.1
Description

The DFF measurement setup of UE RF characteristics in FR2 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: DFF measurement setup of UE RF characteristics

The key aspects of the DFF setup are:

-
Far-field measurement system in an anechoic chamber

-
The criterion for determining the far-field distance is described in 5.2.1.2
-
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 1 UL 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.

-
For setups intended for measurements in NR CA mode with FR1 and FR2 inter-band NR CA, test setup provides NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control.

The applicability criteria of the DFF 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 B.1.1.3

-
The measurement distance larger than the far-field criteria defined in subclause 5.2.1.2 is not precluded

-
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, EIS, EVM, spurious emissions and blocking metrics can be tested.
< Unchanged sections omitted >
5.2.2
Direct far field (DFF) setup simplification for centre of beam measurements
5.2.2.1
Description

The DFF 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 in FR2 capable of centre of beam measurements 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

The applicability criteria of the simplified DFF setup for centre of beam measurements are defined in 5.2.1.1.
5.2.2.2
Far-field criteria

The far-field criteria of the simplified DFF setup for centre of beam measurements are defined in 5.2.1.2.
5.2.2.3
Testing and calibration aspects

The same testing and calibration aspects apply as outlined in 5.2.1.3.

5.2.3
Indirect far field (IFF) method 1

The IFF method 1 creates the far field environment using a transformation with a parabolic reflector. This is also known as the compact antenna test range (CATR). Refer to Annex E for additional information.
5.2.3.1
Description

The IFF measurement setup of UE RF characteristics for FR2 is capable of centre and off centre of beam measurements and is shown in Figure 5.2.3.1-1 below.


[image: image3]
Figure 5.2.3.1-1: IFF method 1 (CATR) measurement setup of UE RF characteristic

The key aspects of this test method setup are:

-
Indirect Far field of Compact Antenna Test Range as the one used in [9] 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.

-
For setups intended for measurements in NR CA mode with FR1 and FR2 inter-band NR CA, test setup provides NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control.

The applicability criteria of this test method 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.

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

-
EIRP, TRP, EIS, EVM, spurious emissions and blocking metrics can be tested.

-
No manufacturer declaration is needed. 
< Unchanged sections omitted >
5.2.4
Near field to far field transform (NFTF)

The NFTF method computes the metrics defined in Far Field by using the Near Field to Far Field transformation.

5.2.4.1
Description

The NFTF measurement setup of UE RF characteristics in FR2 is capable of centre and off centre of beam measurements and is shown in Figure 5.2.4.1-1:

[image: image4.emf]
Figure 5.2.4.1-1: Typical NFTF measurement setup of EIRP/TRP measurements

The key aspects of the Near Field test range are:

-
Radiated Near Field UE beam pattern are measured and based on the NFTF 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.

-
For setups intended for measurements in NR CA mode with FR1 and FR2 inter-band NR CA, test setup provides NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control.

The applicability criteria of the NFTF 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 B.1.4.3

-
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.
< Unchanged sections omitted >
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 in FR2 (e.g. 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 UE RRM testing methodology. 
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 UE RRM characteristics for frequency bands in FR2 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.
[image: image5.emf]
Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The UE RRM baseline measurement setup shall fulfil the following capabilities:

-
TRxPs and Cells:

-
Up to 2 NR transmission reception points TRxPs are emulated.

-
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. No performance verification for LTE carriers is supported.

-
For setups which require NR CA mode with FR1 and FR2 inter-band NR CA, test setup shall be capable to provide NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control. No performance verification for NR FR1 carriers is supported.
-
Antennas, polarization, simultaneously active AoAs:

-
N dual-polarized antennas transmitting the signals from the emulated gNB sources to the DUT.

-
The antennas transmit into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level.

-
N ≥ NMAX_AoAs, where NMAX_AoAs is the maximum number of simultaneously active (emulating signal) angles of arrival AoAs.

-
For the scope of Rel-15 testing NMAX_AoAs = 2. 

-
For UE RRM baseline measurement setup based on DFF, the supported NMAX_AoAs = 2.

- 
For UE RRM baseline measurement setup based on simplified DFF, the supported NMAX_AoAs = 1

-
For UE RRM baseline measurement setup based on IFF, the supported NMAX_AoAs = 1.

-
Angular Relationship:

-
A positioning system such that an angular relationship with two axes of freedom is provided between the DUT and the test system antennas (or the setup should provide equivalent functionality).

-
For NMAX_AoAs = 2 the setup shall enable following relative angular relationships between the NMAX_AoAs simultaneously active AoAs: 30°, 60°, 90°, 120° and 150°. 

-
For single active probe scenarios, in case that step change of AoA is required, the setup shall enable following relative angular change between initial and target AoA: 30°, 60°, 90°, 120° and 150°.
-
Wanted and noise (AWGN) signals can be transmitted from one or both active probes. Test description will define the exact signal/noise/SNR/SINR level per TRxP at the reference point. 

-
Multiple DL transmission antenna ports: 

-
In case of multiple DL transmission antenna ports are required for RRM testing, the different antenna ports are mapped to different polarizations.
-
Propagation Conditions

-
Test method shall allow modelling of the following propagation conditions between the DUT and the emulated gNB sources

-
Multi-path fading propagation conditions

-
Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Single probe channel models as described in subclause 8.2.

-
The Single probe channel models for RRM testing adopts the same framework of Demodulation. Detailed channel parameterization should be defined in the NR WI performance part.

-
Static propagation conditions

-
Measurement Uncertainty: 

-
For UE RRM baseline measurement setup based on DFF, it is likely that the measurement uncertainty budget for the RRM setup may contain additional measurement uncertainty elements relative to the setup defined in subclause 5.2.1. These have been defined in Annex B.2.1.

-
Applicability Criteria:

-
For UE RRM baseline measurement setup based on DFF, the applicability criteria defined for the DFF UE RF test method described in subclause 5.2.1 can be applied.
- 
For UE RRM baseline measurement setup based on simplified DFF, the applicability criteria defined for the DFF UE RF test method described in subclause 5.2.2 can be applied.
-
For UE RRM baseline measurement setup based on IFF, the applicability criteria defined for the IFF UE RF test method described in subclause 5.2.3 can be applied.
Note: Using UE Demodulation baseline setup in subclause 7.2 to perform selected RRM metrics testing is not precluded. Feasibility and applicability of this condition should be investigated in the NR WI performance part.
< Unchanged sections omitted >
7
UE demodulation and CSI testing methodology

7.1
General

This clause describes the testing methodology for NR UE demodulation and CSI reporting for FR2. Unless otherwise indicated below, device under test (DUT) refers to UE nodes. The exact list of demodulation and CSI reporting tests for the UE can only be determined once the core requirements are settled and the test methodologies are considered in generic way to allow testing of typical UE demodulation CSI metrics.
For frequency bands in FR2 (e.g. 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 UE demodulation and CSI test methodology.

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.
7.2
Measurement setup

7.2.1
Baseline setup

7.2.1.1
Description

The baseline measurement setup of NR UE demodulation and CSI characteristics for frequency bands in FR2 is capable of establishing an OTA link between the DUT and a number of emulated gNB sources with one angle of arrival (AoA) to the UE, and is shown in Figure 7.2.1.1-1 below.
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Figure 7.2.1.1-1: Baseline measurement setup for UE demodulation and CSI
 characteristics testing

The key aspects of the baseline setup are:

-
Test is conducted in an anechoic chamber

-
The test shall be performed in the radiative near field or in the far field
-
The minimum measurement distance is described in 7.2.1.2

-
The following permitted test setups are considered
-
Permitted test setups for UE RF including DFF and IFF as described in Clause 5.
-
Direct near field (DNF) test setup

-
Note: No final conclusions on the feasibility of DNF setup were made.

-
One TRxP with a dual-polarized measurement antenna directed at the DUT

-
Propagation Conditions

-
Test method shall allow modelling of the following propagation conditions between the DUT and the emulated gNB sources

-    Multi-path fading propagation conditions

-    Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Single probe channel models as described in subclause 8.2.

-    Static propagation conditions

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

-
The test method shall achieve isolation between two nominally orthogonal paths from the dual-polarised TRxP to the DUT, enabling independent control of the signals reaching each baseband receiver

-
Test method supports up to DL MIMO rank 2 transmissions 

-
DUTs shall support power measurement per receiver port (SS-RSRPB). Measurement equipment may use SS-RSRPB reporting from the DUT to achieve isolation and to enable independent control of the signals reaching each baseband receiver.

-
SS-RSRPB measurements and reporting are done under noise-free conditions and use static channel conditions. 

-
Once established, the setup is expected to be fixed and to be used with UE Tx/Rx beamlock to allow testing of DUT baseband features under a “virtually cabled” scenario.

-
Baseline setup includes a capability to select the best UE RX beam during initial call setup.

-
Support of UE demodulation and CSI requirements verification for interworking scenarios

-
For setups intended for measurements of UE demodulation and CSI characteristics in non-standalone (NSA) mode, an LTE link antenna is used to provide the LTE link to the DUT. The LTE link antenna provides a stable and noise-free LTE signal without precise path loss or polarization control. No performance verification for LTE carriers is supported.

-
For setups intended for measurements of UE demodulation and CSI characteristics in NR CA mode with FR1 and FR2 inter-band NR CA, test setup provides NR FR1 link to the DUT.
The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control. No performance verification for NR FR1 carriers is supported.

-
The test system shall allow the following modes of noise emulation for UE demodulation testing:

-
Emulation of fixed SNR conditions at the DUT 

-
Emulation of noise-free conditions at the DUT

-
Measurement system shall support the TX EVM (transmit signal error vector magnitude) not worse than 6% for QPSK/16QAM/64QAM performance requirements. 

-
The baseline setup shall allow identification of the DUT RX beam peak direction
-
Note: RX beam peak search procedure for the DNF setup is undefined. 

-
Applicability Criteria:

-
In case a DNF test setup is used, the system applies at least to DUTs with a device size of D ≤ 15cm with no manufacturer declaration and corresponding SNR calculations in Annex B.3.1 need to be used.
-
In case a DFF or IFF test system is used that leverages the permitted methods for UE RF, the same applicability criteria as in Clause 5.2 apply and corresponding SNR calculations in Annex B.3.2 and B.3.3 respectively need to be used.
< Unchanged sections omitted >
B.1.1.4.4
Mismatch

Mismatch uncertainty occurs when;

-
Changing the signal path between the measurement and calibration procedure

-
Evaluating the insertion loss of a signal path 

The mismatch uncertainty for a system consisting of a generator, a load and a component in between is defined as 
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 denotes the reflection coefficient and [image: image12.png]


 is the transmission coefficient, both in linear voltage ratios. 

For a cascade of several components, the interactions between all components have to be evaluated. For example, for four devices in a row (shown in Figure B.1.1.4.4-1) the following contributions have to be accounted for: AB, BC, CD, ABC, BCD, ABCD. The term ABCD represents the interaction between A and D (generator and load) with the components B and C in between.
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Figure B.1.1.4.4-1: Cascade of components

The combined mismatch uncertainty is given by the root sum square of the individual contributions:
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In an optimized test procedure, the overall mismatch uncertainty is smaller when matching pairs of mismatches exist in the calibration and measurement stage since these pairs cancel each other out. Figure B.1.1.4.4-2 displays a calibration setup, where device D is replaced by device F. The mismatch contributions for this path are AB, BC, CE, ABC, BCE and ABCE. For a result based on the measurement and calibration stage, the mismatch contributions AB, BC, and ABC are matching pairs as they occur both in the measurement and calibration stage. Thus, they can be eliminated [11], and the system mismatch uncertainty is obtained as 
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Figure B.1.1.4.4-2: Sketch of a calibration path

In the following, an example mismatch uncertainty calculation for a TX/RX patch from the measurement equipment to the measurement antenna is performed for a frequency of 43.5GHz. The example path under investigation consists of four SPDT switches, one SP6T switch and one DPDT switch and microwave cable interconnects with PC2.4 mm connectors. The attenuation and reflectance of typical components suitable for frequencies ranging up to 43.5 GHz have been considered in the calculation of the mismatch uncertainty.

Figure B1.1.4.4-3 shows a sample system setup for an EIRP/EIS test case with rather simple complexity of the switch box similar to a current FR1 test setup. It should be noted that the switch unit is significantly less complex than a state-of-the-art switch unit currently used for conformance tests.
< End of changes >
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