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Introduction

At the last RAN4 meeting in Melbourne the general approaches on how to measure EVM and blocking (ACS and IBB) for FR2 were approved in [1] and [2]. The results need to be captured in 38.810, to give RAN5 a reference on how to define the TCs.

For ACS and IBB only Proposal 1 and 2 of [2] were approved, so the TP focusses on these aspects. Since these are the only requirements utilizing blockers in FR2 at the moment the test procedure for all blocking requirements is identical and there is no need for multiple procedures in the TR.
In this contribution we present a text proposal for the definition of the test procedure for testing EVM and blocking in FR2. As defined in 38.810 both DFF and IFF methods are capable of testing EVM and blocking the procedures need to be added those sections.
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< Begin of Text proposal >
5.2.1.4
Testing and calibration aspects

5.2.1.4.1
Calibration Measurement Procedure

The calibration measurement is done by using a calibration antenna with known gain values. For the calibration measurement, the reference antenna is placed in the centre of the quiet zone.  If an antenna with moving phase centre is used, a multi-segmented approach could be chosen where for multiple frequency segments the respective phase centre of the calibration antenna is placed in the centre of quiet zone. The calibration process determines the composite loss, Lpath,pol, of the entire transmission and receiver chain path gains (measurement antenna, amplification) and losses (switches, combiners, cables, path loss, etc.). The calibration measurement is repeated for each measurement path (two orthogonal polarizations and each signal path). Additional details of the calibration procedure are outlined in [13].

5.2.1.4.2
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) with 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)
Measure the mean power (Pmeas, θ) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).
4)
Calculate EIRPθ by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas,θ 
5)
Measure the mean power (Pmeas,φ) of the modulated signal arriving at the power measurement equipment.

6)
Calculate EIRPφ by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,φ, and frequency to the measured power Pmeas,φ
7)
Calculate total EIRP = EIRPθ + EIRPφ

5.2.1.4.3
TRP Measurement Procedure

1)
Connect the SS with the DUT through the measurement antenna with desired polarization reference PolMeas to form the TX beam towards the desired TX beam direction and respective polarization. 

2)
Lock the beam toward that direction and polarization for the entire duration of the test. 

3)
For each measurement point on the TBD grid, measure Pmeas,θ and Pmeas,φ. The angle between the measurement antenna and the DUT (θMeas, φMeas) is achieved by rotating the measurement antenna and the DUT (based on system architecture). 

4)
Calculate EIRPθ (EIRPφ) by adding the composite loss of the entire transmission path for utilized signal paths, LEIRP,θ, (LEIRP,φ) and frequency to the measured powers Pmeas,θ (Pmeas,φ)
5)
The TRP value for the uniform measurement grid is calculated using
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Where N is the number of angular intervals in the nominal theta range from 0 to π and M is the number of angular intervals in the nominal phi range from 0 to 2π.
The TRP values for the constant density grids are calculated using:
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 is the number of measurement points.
5.2.1.4.4
EIS Measurement Procedure

The RX beam peak direction is found with a 3D RSRP scan (separately for each orthogonal polarization) with a grid that is TBD. The RX beam peak direction is where the maximum total component of RSRP is found.
1)
Establish a connection between the DUT and the SS with the downlink signal applied to the θ-polarization of the measurement antenna 

2)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction

3)
Determine EISθ for θ-polarization, i.e., the power level for the θ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel

4)
Switch the downlink to the φ-polarization of the measurement antenna

5)
Determine EISφ for φ-polarization, i.e., the power level for the φ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel

6)
Calculate the resulting EIS for the total component 

EIS = [1/EISθ +1/EISφ]-1
5.2.1.4.5
EVM 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) with 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)
Measure EVMθ for the θ-polarization of the modulated signal arriving at the measurement equipment (such as a signal analyser, or gNB emulator).
4)
Measure EVMφ for the φ-polarization of the modulated signal arriving at the measurement equipment (such as a signal analyser, or gNB emulator).
6)
Compare EVMθ and EVMφ against the test requirement. If either EVMθ or EVMφ meets the requirement, pass the UE.
5.2.1.4.6
Blocking Measurement Procedure

The RX beam peak direction is found with a 3D RSRP scan (separately for each orthogonal polarization) with a grid that is TBD. The RX beam peak direction is where the maximum total component of RSRP is found.
1)
Establish a connection between the DUT and the SS with the downlink signal applied to the θ-polarization of the measurement antenna 

2)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction

3)
Apply a signal with the specified reference measurement channel on the θ-polarization, setting the power level of the signal 3dB below the level for the total component stated in the requirement. 
4)
Apply the blocking signal with the same polarization and coming from the same direction as the downlink signal. Set the power level of the blocking signal 3dB below the level stated in the requirement.
5)
Measure the throughput of the downlink signal on the θ-polarization.
6)
Switch the downlink and blocking signal to the φ-polarization of the measurement antenna.
7)
Repeat steps 3 to 5 on the φ-polarization.
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 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
The applicability criteria of the simplified DFF setup for centre of beam measurements are defined in 5.2.1.1.
5.2.2.2
Parameter mapping to RF requirements

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

The far-field criteria of the simplified DFF setup for centre of beam measurements are defined in 5.2.1.3.
5.2.2.4
Testing and calibration aspects

The same testing and calibration aspects apply as outlined in 5.2.1.4.

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 f > 6 GHz is capable of centre and off centre of beam measurements and is shown in Figure 5.2.3.1-1 below.
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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

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 

5.2.3.2
Parameter mapping to RF requirements

<Editor’s note: clause content is FFS>

5.2.3.3
Far-field criteria

The CATR system does not require a measurement distance of 
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 to achieve a plane wave as in a standard far field range. 

The tables 5.2.3.3-1 and 5.2.3.3-2 below show the paths losses which can be expected for the CATR compared to a Fraunhofer limit distance (
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Table 5.2.3.3-1: 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)

	5
	28
	47
	54.8

	10
	28
	187
	66.8

	15
	28
	420
	73.9

	30
	28
	1681
	85.9


Table 5.2.3.3-2: Example of CATR path losses
	DUT size [cm]
	Frequency (GHz)
	Path Loss(dB)

	5
	28
	52.3 

	10
	28
	58.3

	15
	28
	61.8

	30
	28
	67.8

	NOTE 1:
Final values will depend on CATR specific implementation


For CATR, the FF distance is seen as the focal length, distance between the feed and reflector for a CATR, which can be calculated as shown below (as a rule of thumb although it can vary depending on system implementation):

-
D =x [m]

-
size of reflector=2*D

-
R=focal length = 3.5*size of reflector = 3.5*(2*D)

In a CATR, from the reflector to the quiet zone, there is a plane wave with no space loss.

For both direct FF and CATR, free space path loss is calculated by applying the Free Space Loss formula with R=FF distance: [image: image9.emf]൬ 4 𝜋 𝑅 𝜆 ൰ 2  
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5.2.3.4
Testing and calibration aspects

5.2.3.4.1
Calibration Measurement Procedure
The calibration measurement is done by using a reference antenna (SGH used in figure 5.2.3.4.1-1) with known efficiency or gain values. In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (C↔A, as in figure 5.2.3.4.1-1) from the DUT to the measurement receiver (EIRP), and from the RF source to DUT (EIS) is calibrated out. Figure 5.2.3.4.1-1 presents a setup of a typical compact antenna test range for EIRP calibration:
[image: image10.emf]
Figure 5.2.3.4.1-1. CATR calibration system setup for EIRP
5.2.3.4.2
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) with 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)
Measure the mean power (Pmeas,θ) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).

4)
Calculate EIRPθ by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas,θ
5)
Measure the mean power (Pmeas,φ) of the modulated signal arriving at the power measurement equipment.

6)
Calculate EIRP θ by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,φ and frequency to the measured power Pmeas, φ
7)
Calculate total EIRP = EIRPθ + EIRPφ
5.2.3.4.3
TRP Measurement Procedure
1)
Connect the SS with the DUT through the measurement antenna with desired polarization reference PolMeas to form the TX beam towards the desired TX beam direction and respective polarization. 

2)
Lock the beam toward that direction and polarization for the entire duration of the test. 

3)
For each measurement point on the TBD grid, measure Pmeas,θ and Pmeas,φ. The angle between the measurement antenna and the DUT (θMeas, φMeas) is achieved by rotating the measurement antenna and the DUT (based on system architecture). 

4)
Calculate EIRPθ (EIRPφ) by adding the composite loss of the entire transmission path for utilized signal paths, LEIRP,θ (LEIRP,φ) and frequency to the measured powers Pmeas,θ (Pmeas,φ)
5)
The TRP value for the uniform measurement grid is calculated using 
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Where N is the number of angular intervals in the nominal theta range from 0 to π and M is the number of angular intervals in the nominal phi range from 0 to 2π . 

The TRP values for the constant density grids are calculated using:
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where N  is the number of measurement points.
5.2.3.4.4
EIS Measurement Procedure
The RX beam peak direction is found with a 3D RSRP scan (separately for each orthogonal polarization) with a grid that is TBD. The RX beam peak direction is where the maximum total component of RSRP is found.

1)
Establish a connection between the DUT and the SS with the downlink signal applied to the θ-polarization of the measurement antenna 

2)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction

3)
Determine EISθ for θ-polarization, i.e., the power level for the θ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel

4)
Switch the downlink to the φ-polarization of the measurement antenna

5)
Determine EISφ for φ-polarization, i.e., the power level for the φ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel

6)
Calculate the resulting EIS for the total component 

EIS = [1/EISθ +1/EISφ]-1
5.2.3.4.5
EVM 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) with 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)
Measure EVMθ for the θ-polarization of the modulated signal arriving at the measurement equipment (such as a signal analyser, or gNB emulator).
4)
Measure EVMφ for the φ-polarization of the modulated signal arriving at the measurement equipment (such as a signal analyser, or gNB emulator).
6)
Compare EVMθ and EVMφ against the test requirement. If either EVMθ or EVMφ meets the requirement, pass the UE.
5.2.3.4.6
Blocking Measurement Procedure

The RX beam peak direction is found with a 3D RSRP scan (separately for each orthogonal polarization) with a grid that is TBD. The RX beam peak direction is where the maximum total component of RSRP is found.
1)
Establish a connection between the DUT and the SS with the downlink signal applied to the θ-polarization of the measurement antenna 

2)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction

3)
Apply a signal with the specified reference measurement channel on the θ-polarization, setting the power level of the signal 3dB below the level stated in the requirement. 

4)
Apply the blocking signal with the same polarization and coming from the same direction as the downlink signal. Set the power level of the blocking signal 3dB below the level stated in the requirement.

5)
Measure the throughput of the downlink signal on the θ-polarization.

6)
Switch the downlink and blocking signal to the φ-polarization of the measurement antenna.

7)
Repeat steps 3 to 5 on the φ-polarization.
< End of Text proposal >
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