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<< Start of Changes 1 >>

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. 
1)
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.

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

3)
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).

4)
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 

5)
Measure the mean power Pmeas (PolMeas= PolLink) of the modulated signal arriving at the power measurement equipment.

6)
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)
7)
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.




1)
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. 

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

3)
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). 

4)
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.
5)
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.

1)
Establish a connection between the DUT and the SS with the downlink signal applied to the PolLink= 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 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

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

5)
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

6)

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.

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.

5.2.1.3.6
Blocking Measurement Procedure


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

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 EIS 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.

8)
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

This beam peak search procedure applies to DUTs with and without beam correspondence. 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.

For each of the points in the grid:

1)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink=  of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).

2)
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=)   

3)
Measure the mean power Pmeas (PolMeas= PolLink=)  of the modulated signal arriving at the power measurement equipment.

4)
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=) 

5)
Calculate total EIRP(PolLink=)  = EIRP(PolMeas= PolLink=)  + EIRP(PolMeas= PolLink=) 
6)
Unlock the beam.

7)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= polarization to form the TX beam towards the measurement antenna.

8)
Repeat steps 2) to 7).

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 should 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 total EIRP 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. 

For each of the points in the grid:

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

2)
Position the UE so that the beam is formed towards the measurement antenna in the desired RX beam direction.
3)
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

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

5)
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

6)
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).
<< End of Changes 1 >>

<< Start of Changes 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: image7]
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)
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. 

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

3)
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).

4)
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
5)
Measure the mean power Pmeas (PolMeas= PolLink) 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 (PolMeas= PolLink).
      7)
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
1)
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. 

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

3)
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). 

4)
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.
5)
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.

1)
Establish a connection between the DUT and the SS with the downlink signal applied to the PolLink= 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 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

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

5)
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

6)
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.

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.

5.2.3.3.6
Blocking Measurement Procedure


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

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.

8)
Compare the results for both the θ-polarization and φ-polarization against the requirement. If both results meet the requirements, pass the UE.

<< End of Changes 2 >>

<< Start of Changes 3 >>
5.2.4.2
Testing and calibration aspects

5.2.4.2.1


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 5.2.4.3-1 shows the typical configuration for measuring path loss.
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Figure 5.2.4.2-1: NFTF – Typical setup for path loss measurement

The L path loss can be determined from the power into the reference antenna by adding the gain of the reference antenna:

Piso = Pref + Gref

so that:

L path 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. L path loss  QUOTE ,L-path loss . is then given by:


L path loss = Gref + Prec' - Prec

5.2.4.2.2


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)
Connect the SS (System Simulator) to the DUT through the measurement antenna with polarization reference PolMeas to form the TX beam towards the 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
5.2.4.2.3
TRP Measurement Procedure


The minimum number of measurement points for TRP measurement grid is calculated based on 8x2 patch antenna array, a maximum standard deviation of 0.25dB.

If constant step approach is used for TRP measurement, several measurement grids are permitted: 

1.
264 measurement points (15deg step size) with TX beam peak oriented in any direction; an additional mean error  of 0.34dB need to be considered by using classic TRP equation); 
2.
612 measurement points (10deg step size) with the TX beam peak oriented in any direction using classic TRP equation; no additional mean error needs to be considered
If constant density approach (using the charged particle or the golden spiral implementation) is used, the minimum number of measurement points is 140; no additional mean error needs to be considered.

1)
Connect the SS 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)
For each measurement point on the grid, determine the EIRP for both polarization by using a Near Field to Far Field transform.

5)
The TRP value for the constant step size measurement grids are 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. 





<< End of Changes 3 >>
�Endorsed draftCR [R4-1815624] by Qualcomm


�Formula already updated according to QCs endorsed draftCR [R4-1815624]


�Reference is done to the procedure described for DFF to avoid redundance.


�Reference is done to the procedure described for DFF to avoid redundance.


�Formula already updated according to QCs endorsed draftCR [R4-1815624]


��Reference is done to the procedure described for DFF to avoid redundancy.


�Reference is done to the procedure described for DFF to avoid redundancy.


�Reference is done to the procedure described for DFF to avoid redundancy.


�This text was previously introduced only for DFF.
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