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1
Introduction
A number of agreements were achieved during RAN4 #86bis, covered in [2] and [3]. This test proposal aims to reflect those agreements and also includes some editorial corrections.
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Text Proposal

The following changes are proposed.
========================== Start of change #1 ==========================
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 for f > 6 GHz is capable of centre and off centre of beam measurements and is shown in Figure 5.2.5.1-1:

[image: image1.emf]
Figure 5.2.5.1-1: 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 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

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.

5.2.4.2
Parameter mapping to RF requirements

<Editor’s note: clause content is FFS>

5.2.4.3
Testing and calibration aspects

5.2.4.3.1


Calibration Measurement Procedure
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. Figure 5.2.5.3-1 shows the typical configuration for measuring path loss.
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Figure 5.2.5.3-1: NFTF – 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 QUOTE ,L-path loss.=,P-reference antenna.+ ,G-reference antenna- .,P-test equipment. 
In order to determine Pref, a cable reference measurement is performed in order to calibrate out the A, and B paths QUOTE ,L-test equipment-receiver. . Assuming that the power at the source is fixed, it can be showed that:

Pref-Ptes=Prec'-Prec
Where Prec  QUOTE ,P-receiver . 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  QUOTE ,L-path loss . is then given by:


Lpath loss = Gref + Prec' - Prec

5.2.4.3.2


EIRP Measurement Procedure

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
========================== End of change #1 ==========================
========================== Start of change #2 ==========================
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 (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 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.
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Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The RRM baseline measurement setup shall fulfill 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.

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, it is assumed that NMAX_AoAs = 2. The validity of this assumption depends on the definition of the test requirements.
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°, 150° and 180°. In case of NMAX_AoAs > 2, the angular relationship between NMAX_AoAs simultaneously active AoAs is FFS.
Multiple DL transmission antenna ports: 

- 
In case of multiple DL transmission antenna ports are required for RRM testing, the transmission scheme is polarization diversity.
Multi-path Fading Propagation Conditions:

-
Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modeled as Tapped Delay Line (TDL).
-

Channel modelling framework (i.e. methodology) adopted for Demodulation testing can be reused. Different parametrization of channel models in not precluded. 
Measurement Uncertainty: 

-
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.

Applicability Criteria:

-
The system applies at least to DUTs with a radiating aperture of D ≤ 5cm.
-
[A manufacturer declaration on the following elements is needed:

- 
Manufacturer declares antenna arrays 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.]

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 initial uncertainty assessment

<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 and CSI testing methodology

7.1
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 demodulation and CSI tests for the UE can only be determined once the core requirements are settled.
For frequency bands above 6GHz (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 demodulation and CSI testability.
7.2
Measurement setup

7.2.1
Baseline setup

7.2.1.1
Description

The baseline measurement setup of UE demodulation and CSI characteristics for f > 6 GHz 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 of UE demodulation and CSI characteristics
The key aspects of the baseline setup are:

-
In an anechoic chamber

-
The criterion for determining the far-field distance is described in 7.2.1.3
-
One TRxP with a dual-polarized measurement antenna directed at the DUT
-
Multi-path Fading Propagation Conditions
-
Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Tapped Delay Line
-
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom
-
Together with the DUT, a capability to achieve a specific isolation between two nominally orthogonal paths from the dual-polarised TRxP to the UE, enabling Rank 2 transmission.
-
The capability may use per-port power reporting from the UE 
-
Once established, the setup is expected to be fixed and to be used with UE beamlock to allow testing of DUT baseband features under a “virtually cabled” scenario

-
Capability to select the best UE beam during initial call setup 
-
For setups intended for measurements of UE demodulation and CSI 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
Applicability Criteria:

-
The system applies at least to DUTs with a radiating aperture of D ≤ 5cm

-
[A manufacturer declaration on the following elements is needed:

- 
Manufacturer declares antenna arrays 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.]
7.2.1.2
Parameter mapping to demodulation and CSI requirements

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

Whether the system needs to be operated in the far field is FFS 
7.2.1.4
Testing and calibration aspects

<Editor’s note: clause content is FFS>

7.3
Summary of initial uncertainty assessment

<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>

8.2
Multi-path fading propagation conditions
8.2.1
TDL modelling methodology

Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Tapped Delay Line (TDL). 

Two options for TDL channel modelling methodology were identified:
· Option 1. TDL channel modelling based on the methodology in the TR 38.901 [4]
· The TDL channel modeling methodology follows the methodology described in the TS 38.901.
· Each tap is modeled based on the Jakes fading model.
· Generation of TDL channel models and power delay profiles from CDL channel models by including spatial filters to capture Tx and Rx antenna patterns is not precluded and based on the procedure described in the TR 38.901 [4].
· Option 2. Modified TDL channel modelling methodology
· A methodology for deriving TDLs from CDLs is provided in the TR 38.901 [4], however, this process does not say how to derive the Doppler spread of each tap form the CDL. The Option 2 methodology also clarifies how the Doppler spread of each tap is derived on based on which parameters. The Doppler shift of each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, and ZSA.
· The following TDL generation methodology for Option 2 is considered:
· The CDL framework in TR 38.901 is used to derive the non-spatial TDLs used for FR2 demodulation requirements
· The TDL generation procedure will include spatial filtering using assumed gNB and UE antenna patterns
· gNB antenna model is FFS (one example is an 8x8 URA 0.5λ array with 22.75 dB directivity as described in [5])
· For UE this is FFS
· The Doppler spectrum for the TDL will be derived from the CDL and not assume a Jakes spectrum
· The Doppler shift of each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, ZSA
· For each channel model for demodulation performance testing in FR2, following parameters need to be defined:

· Base CDL channel model defined in TR 38.901

· Delay Spread.
· Angular Spread for AOA, AOD, ZOA and ZOD

· Mean Angle for AOA, AOD, ZOA and ZOD.

· Alternatively, Correlation between Tx antennas in case of more than one Tx antennas.
In case multiple TDL Channel Model definition methodologies are identified as feasible, the further down-selection between the methodologies and the selection of specific parameters (e.g. PDP) are to be done in the scope of Rel. 15 NR UE performance requirements work.
========================== End of change #2 ==========================
