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5.2.1.3
Testing and calibration aspects

5.2.1.3.1
Calibration Measurement Procedure

The calibration measurement is done by using a reference 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].

5.2.1.3.2
Peak EIRP Measurement Procedure

The TX beam peak direction is where the maximum total component of EIRP is found, including the respective polarization of the measurement antenna used to form the TX beam, according to 5.2.1.3.7.
The measurement procedure includes the following steps:

1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) If the re-positioning concept is applied to the TX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1; position the device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the TX test cases, position the device in DUT Orientation 1.
3) Connect the SS (System Simulator) with the DUT through the measurement antenna with polarization reference PolLink to form the TX beam towards the TX beam peak direction and respective polarization.
4)
Lock the beam toward that direction for the entire duration of the test and send continuously power control “up” commands in every uplink scheduling information to the UE
5)
Measure the mean power Pmeas (PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).

6)
Calculate EIRP(PolMeas= PolLink by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas (PolMeas= PolLink
7)
Measure the mean power Pmeas (PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment.

8)
Calculate EIRP(PolMeas= PolLink) by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,ϕ, and frequency to the measured power Pmeas (PolMeas= PolLink)
9)
Calculate total EIRP (PolLink = EIRP(PolMeas= PolLink + EIRP(PolMeas= PolLink
5.2.1.3.3
TRP Measurement Procedure

The minimum number of measurement points for TRP measurement grid is outlined in Annex G.1.
The measurement procedure includes the following steps:
1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ.
2) If the re-positioning concept is applied to the TX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1. Position de device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the TX test cases, position the device in DUT Orientation 1.
3) Connect the SS with the DUT through the measurement antenna with desired polarization reference PolLink to form the TX beam towards the desired TX beam direction and respective polarization.
4)
Lock the beam toward that direction and polarization for the entire duration of the test. Send continuously uplink power control "up" commands in every uplink scheduling information to the UE.
5)
For each measurement point, measure Pmeas(PolMeas= PolLink and Pmeas(PolMeas= PolLink. 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). 

6)
Calculate EIRP(PolMeas= PolLink and EIRP(PolMeas= PolLink by adding the composite loss of the entire transmission path for utilized signal paths, LEIRP,θ, LEIRP,ϕ and frequency to the respective measured powers Pmeas.

7)
The TRP value for the uniform measurement grid is calculated using the TRP integration approaches outlined in Annex G.1.2. The TRP value for the constant density grid is calculated using the TRP integration formula in Annex G.1.3.

5.2.1.3.4
Peak EIS Measurement Procedure

The RX beam peak direction is where the minimum EIS is found according to 5.2.1.3.8.

The measurement procedure includes the following steps:
1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) If the re-positioning concept is applied to the RX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1; position the device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the RX test cases, position the device in DUT Orientation 1.

3) Establish a connection between the DUT and the SS with the downlink signal applied to the PolLink= θ-polarization of the measurement antenna
4)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction

5)
Determine EIS(PolMeas= PolLink= 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

6)
Switch the downlink to the PolLink=ϕ-polarization of the measurement antenna

7)
Determine EIS(PolMeas= PolLink= 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

8)
Calculate the resulting averaged EIS as:


EIS = 2*[1/EIS(PolMeas= PolLink= +1/EIS(PolMeas= PolLink=]-1

5.2.1.3.5
EVM Measurement Procedure

The TX beam peak direction is where the maximum total component of EIRP is found according to 5.2.1.3.7.

The measurement procedure includes the following steps:
1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) If the re-positioning concept is applied to the TX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1; position the device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the TX test cases, position the device in DUT Orientation 1.
3) 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.
4)
Lock the beam toward that direction for the entire duration of the test.

5)
Measure EVMθ for the θ-polarization of the modulated signal arriving at the measurement equipment (such as a signal analyser, or gNB emulator).

6)
Measure EVMϕ for the ϕ-polarization of the modulated signal arriving at the measurement equipment (such as a signal analyser, or gNB emulator).
7)
Compare EVMθ and EVMϕ against the test requirement. If either EVMθ or EVMϕ meets the requirement, pass the UE.

5.2.1.3.6
Blocking Measurement Procedure

The RX beam peak direction is where the minimum EIS is found according to 5.2.1.3.8.

The measurement procedure includes the following steps:
1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) If the re-positioning concept is applied to the RX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1; position the device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the RX test cases, position the device in DUT Orientation 1.

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

4)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction.

5)
Apply a signal with the specified reference measurement channel on the θ-polarization, setting the power level of the signal 3dB below the signal power level stated in the requirement.

6)
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 interferer power level stated in the requirement.

7)
Measure the throughput of the downlink signal on the θ-polarization.

8)
Switch the downlink and blocking signal to the ϕ-polarization of the measurement antenna.

9)
Repeat steps 3 to 7 on the ϕ-polarization.

10)
Compare the results for both the θ-polarization and ϕ-polarization against the requirement. If both results meet the requirements, pass the UE.

5.2.1.3.7
TX Beam Peak direction search and EIRP Spherical Coverage

The beam peak search and spherical coverage test procedure apply to DUTs with different beam correspondence capability, as defined in TS 38.306 [19]. For the purpose of DUT refining TX beam with beam correspondence capability, the System Simulator shall assure the presence of downlink reference signals including both SSB and CSI-RS and Type D QCL shall be maintained between SSB and CSI-RS. 
The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal downlink polarization). The TX beam peak direction search grid points for this single grid approach are defined in Annex G.2. Alternatively, a coarse and fine grid approach could be used according to the definition in Annex G.2.4. 

The measurement procedure includes the following steps:

1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) Position the DUT in DUT Orientation 1 and start the measurement at zenith angle =0o. 
3) Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= to form the TX beam towards the measurement antenna.
4)
DUT refines its TX beam toward that direction depending on DUT’s beam correspondence capability which shall match OEM declaration: if  DUT’s beam correspondence capability is [bit-1], then DUT autonomously chooses the corresponding TX beam for PUSCH transmission using downlink reference signals to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping; if DUT’s beam correspondence capability is [bit-0], then DUT chooses the TX beam for PUSCH transmission which is based on beam correspondence with relying on both DL measurements on downlink reference signals and network-assisted uplink beam sweeping.

5)
Lock the beam and send continuously power control “up” commands in every uplink scheduling information to the UE
6)
Measure the mean power Pmeas(PolMeas=PolLink=) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).

7)
Calculate EIRP (PolMeas=PolLink=) by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas(PolMeas=PolLink=)
8)
Measure the mean power Pmeas (PolMeas=PolLink=) of the modulated signal arriving at the power measurement equipment.

9)
Calculate EIRP (PolMeas=PolLink=) by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,ϕ, and frequency to the measured power Pmeas (PolMeas=PolLink=) 

10)
Calculate total EIRP(PolLink=) = EIRP(PolMeas=PolLink=) + EIRP(PolMeas=PolLink=) 
11)
Unlock the beam.

12)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink=polarization to form the TX beam towards the measurement antenna.

13)
Repeat steps 4) to 12).
14) Advance to the next grid point and repeat steps 3 through 11
15)
After the measurements at zenith angle =90o have been completed and if the re-positioning concept is applied to the TX test cases, position the device in DUT Orientation 2 (either Options 1 or 2) for the Alignment Option selected in Step 1. For the TX beam peak search in the second hemisphere, perform steps 3 through 14 for the range of zenith angles 90o<≤0o. If the re-positioning concept is not applied to the TX test cases, continue steps 3 through 14 for the range of zenith angles 90o<≤180o
For beam correspondence capability [bit-0] DUT, the above step 4) can be further clarified as following sub-steps:

4.1) DUT uses downlink reference signals to select proper RX beam and uses autonomous beam correspondence to select the TX beam. 

4.2) SS configures M=8 SRS resources to DUT, with the field spatialRelationInfo omitted. In case DUT supports less than 8 SRS resources, SS configures the number of SRS resources according to the maximum number of SRS resources indicated by UE capability signalling.

4.3) Based on the TX beam autonomously selected by DUT, DUT chooses TX beams to transmit SRS-resources configured by SS. 

4.4) Based on measurement of the received SRS, SS chooses the best SRS beam which is indicated in the field of SRS Resource Indicator (SRI) in the scheduling grant for PUSCH.

4.5) DUT transmits PUSCH corresponding to the SRS resource indicated by the SRI.
The TX beam peak direction is where the maximum total component of EIRP(PolLink=) or EIRP(PolLink=) is found. 

The EIRP results from the TX beam peak search using the minimum number of grid points as described in Annex G.2 can be re-used for EIRP spherical coverage. In case a coarse beam peak grid is used for TX beam peak search, using the minimum number of grid points defined in Annex G.3.3.2.3, the EIRP results can be re-used for EIRP spherical coverage.
In case a separate test is performed for EIRP spherical coverage, the procedure above shall be followed using the minimum number of grid points defined in Annex G.3.3.2.3 for spherical coverage.

The EIRPtarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using maximum(EIRP(PolLink=), EIRP(PolLink=)) for all grid points. When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(θ).
5.2.1.3.8
RX Beam Peak direction search and EIS Spherical Coverage

The RX beam peak direction is found with a 3D EIS scan (separately for each orthogonal downlink polarization). The RX beam peak direction search grid points for this single grid approach are defined in Annex G.2. Alternatively, a coarse and fine grid approach could be used according to the definition in Annex G.2.4.

The measurement procedure includes the following steps:

1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) Position the DUT in DUT Orientation 1 and start the measurement at zenith angle =0o. 
3) Establish a connection between the DUT and the SS with the downlink signal applied to the PolLink=θ-polarization of the measurement antenna

4)
Position the UE so that the beam is formed towards the measurement antenna in the desired RX beam direction.

5)
Determine EIS (PolMeas= PolLink=)  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

6)
Switch the downlink to the PolLink=ϕ-polarization of the measurement antenna

7)
Determine EIS(PolMeas= PolLink=) 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
8) Advance to the next grid point and repeat steps 3 through 7

9)
After the measurements at zenith angle =90o have been completed and if the re-positioning concept is applied to the RX test cases, position the device in DUT Orientation 2 (either Options 1 or 2) for the Alignment Option selected in Step 1. For the RX beam peak search in the second hemisphere, perform steps 3 through 8 for the range of zenith angles 90o<≤0o. If the re-positioning concept is not applied to the RX test cases, continue steps 3 through 8 for the range of zenith angles 90o<≤180o
10)
Calculate the resulting averaged EIS as:


EIS = 2*[1/EIS(PolMeas= PolLink=)  +1/EIS(PolMeas= PolLink=)]-1

The RX beam peak direction is where the minimum EIS is found.

The EIS results from the RX beam peak search using the minimum number of grid points as described in Annex G.2 can be re-used for EIS spherical coverage. In case a coarse beam peak grid is used for RX beam peak search with an EIS metric, using the minimum number of grid points defined in Annex G.3.3.2.3, the EIS results can be re-used for EIS spherical coverage. In case a separate test is performed for spherical coverage, the procedure above should be followed using the minimum number of grid points defined in Annex G.3.3.2.3 for spherical coverage.

The EIStarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using total EIS for all grid points. When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(θ).
5.2.1.3.9
Beam Correspondence Tolerance
The beam correspondence requirement is fulfilled if the DUT satisfies one of the following conditions, depending on the beam correspondence capability, as defined in TS38.306 [19]:

-
If [bit-1], the DUT shall meet the minimum peak EIRP requirement and spherical coverage requirement with its autonomously chosen UL beams and without uplink beam sweeping. Such a DUT is considered to have met the beam correspondence tolerance requirement.

-
If [bit-0], the DUT shall meet the minimum peak EIRP requirement and spherical coverage requirement with uplink beam sweeping. Such a DUT shall meet the beam correspondence tolerance requirement and shall support uplink beam management, as defined in TS 38.306 [19].
Thus, the beam correspondence tolerance test is only applicable to the DUT that has beam correspondence capability as [bit-0] (which shall match OEM declaration), such that DUT relies on uplink beam sweeping to fulfil the minimum peak EIRP and spherical coverage requirements.
ΔEIRPBC is introduced for beam correspondence tolerance based on two EIRP measurements (EIRP1 and EIRP2). EIRP1 is the measured total EIRP based on the beam which DUT chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping. EIRP2 is the measured total EIRP based on the beam yielding highest EIRP in a given direction, which is based on beam correspondence with relying on UL beam sweeping. ΔEIRPBC shall be calculated over the link angles spanning a subset of the spherical coverage grid points which are corresponding to the top Nth percentile of the EIRP2 measurement points in the grid, where the value of N is according to EIRP spherical coverage requirement of DUT’s power class defined in TS 38.101-2 [16] clause 6.2.1, e.g., N=50 for power class 3 DUT.
For each of the points in the grid:

1)
Follow the test procedures specified in subclause 5.2.1.3.7 with uplink beam sweeping disabled, obtain total EIRP1(PolLink=) and total EIRP1(PolLink=EIRP1 is calculated by EIRP1 = maximum(EIRP1(PolLink=), EIRP1(PolLink=).
2)
Follow the test procedures specified in subclause 5.2.1.3.7, with uplink beam sweeping enabled (SS does not configure the spatialRelationInfo to DUT) during DUT TX beam refinement, obtain total EIRP2(PolLink=) and total EIRP2(PolLink=EIRP2 is calculated by EIRP2 = maximum(EIRP2(PolLink=), EIRP2(PolLink=).
3)
Calculate the ΔEIRPBC = EIRP2 – EIRP1.
The ΔEIRPtarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using ΔEIRPBC for each of all top Nth percentile of the EIRP2 measurement points in the grid. When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(θ).

Editor’s Note: The side conditions for downlink reference signals SSB and CSI-RS in beam correspondence tolerance test are FFS.
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: image2]
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.

5.2.3.2
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 Table 5.2.3.2-1 and Table 5.2.3.2-2 below show the paths losses which can be expected for the CATR compared to a Fraunhofer limit distance (
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Table 5.2.3.2-1: 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 5.2.3.2-2: 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: image5.emf]൬ 4 𝜋 𝑅 𝜆 ൰ 2  

.
5.2.3.3
Testing and calibration aspects

5.2.3.3.1
Calibration Measurement Procedure
The calibration measurement is done by using a reference antenna (SGH used in Figure 5.2.3.3.1-1) 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 5.2.3.3.1-1) from the DUT to the measurement receiver (EIRP), and from the RF source to DUT (EIS) is calibrated out. Figure 5.2.3.3.1-1 presents a setup of a typical compact antenna test range for EIRP calibration:

[image: image6]
Figure 5.2.3.3.1-1. CATR calibration system setup for EIRP

5.2.3.3.2
Peak EIRP Measurement Procedure

The TX beam peak direction is where the maximum total component of EIRP is found, including the respective polarization of the measurement antenna used to form the TX beam, according to 5.2.1.3.7.

1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) If the re-positioning concept is applied to the TX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1; position the device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the TX test cases, position the device in DUT Orientation 1.
3) Connect the SS (System Simulator) with the DUT through the measurement antenna with polarization reference PolMeas to form the TX beam towards the TX beam peak direction and respective polarization.

4)
Lock the beam toward that direction for the entire duration of the test and send continuously power control “up” commands in every uplink scheduling information to the UE.

5)
Measure the mean power Pmeas (PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).

6)
Calculate EIRP(PolMeas= PolLink by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas(PolMeas= PolLink
7)
Measure the mean power Pmeas (PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment.

8)
Calculate EIRP(PolMeas= PolLink)  by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,ϕ and frequency to the measured power Pmeas (PolMeas= PolLink).
9)
Calculate total EIRP (PolLink = EIRP(PolMeas= PolLink + EIRP(PolMeas= PolLink

5.2.3.3.3
TRP Measurement Procedure

The minimum number of measurement points for TRP measurement grid is outlined in Annex G.1.

The measurement procedure includes the following steps:
1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ.
2) If the re-positioning concept is applied to the TX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1. Position de device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the TX test cases, position the device in DUT Orientation 1.
3) Connect the SS with the DUT through the measurement antenna with desired polarization reference PolLink to form the TX beam towards the desired TX beam direction and respective polarization.

4)
Lock the beam toward that direction and polarization for the entire duration of the test. Send continuously uplink power control "up" commands in every uplink scheduling information to the UE.
5)
For each measurement point, measure Pmeas(PolMeas= PolLink and Pmeas(PolMeas= PolLink. 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). 

6)
Calculate EIRP(PolMeas= PolLink) and EIRP(PolMeas= PolLink) 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.

7)
The TRP value for the uniform measurement grid is calculated using the TRP integration approaches outlined in Annex G.1.2. The TRP value for the constant density grid is calculated using the TRP integration formula in Annex G.1.3. 


5.2.3.3.4
Peak EIS Measurement Procedure

The RX beam peak direction is where the minimum EIS is found according to 5.2.1.3.8.

The measurement procedure includes the following steps:

1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) If the re-positioning concept is applied to the RX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1; position the device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the RX test cases, position the device in DUT Orientation 1.
3) Establish a connection between the DUT and the SS with the downlink signal applied to the PolLink= θ-polarization of the measurement antenna

4)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction

5)
Determine EIS(PolMeas= PolLink= 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

6)
Switch the downlink to the PolLink=ϕ-polarization of the measurement antenna

7)
Determine EIS(PolMeas= PolLink= 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

8)
Calculate the resulting averaged EIS as


EIS = 2*[1/EIS(PolMeas= PolLink= +1/EIS(PolMeas= PolLink=]-1
5.2.3.3.5
EVM Measurement Procedure

The TX beam peak direction is where the maximum total component of EIRP is found according to 5.2.1.3.7.

The measurement procedure includes the following steps:

1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) If the re-positioning concept is applied to the TX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1; position the device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the TX test cases, position the device in DUT Orientation 1.
3) 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.

4)
Lock the beam toward that direction for the entire duration of the test.

5)
Measure EVMθ for the θ-polarization of the modulated signal arriving at the measurement equipment (such as a signal analyser, or gNB emulator).

6)
Measure EVMϕ for the ϕ-polarization of the modulated signal arriving at the measurement equipment (such as a signal analyser, or gNB emulator).
7)
Compare EVMθ and EVMϕ against the test requirement. If either EVMθ or EVMϕ meets the requirement, pass the UE.

5.2.3.3.6
Blocking Measurement Procedure

The RX beam peak direction is where the minimum EIS is found according to 5.2.1.3.8.

The measurement procedure includes the following steps:

1) Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2) If the re-positioning concept is applied to the RX test cases, position the device in DUT Orientation 1 if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1; position the device in DUT Orientation 2 (either Options 1 or 2) if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. If the re-positioning concept is not applied to the RX test cases, position the device in DUT Orientation 1.
3) Establish a connection between the DUT and the SS with the downlink signal applied to the θ-polarization of the measurement antenna

4)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction

5)
Apply a signal with the specified reference measurement channel on the θ-polarization, setting the power level of the signal 3dB below the signal power level stated in the requirement.

6)
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 interferer power level stated in the requirement.

7)
Measure the throughput of the downlink signal on the θ-polarization.

8)
Switch the downlink and blocking signal to the ϕ-polarization of the measurement antenna.

9)
Repeat steps 5 to 7 on the ϕ-polarization.

10)
Compare the results for both the θ-polarization and ϕ-polarization against the requirement. If both results meet the requirements, pass the UE.
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