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1	Introduction
This is a revision of R4-1813488 which adds a new annex, entitled “Annex I (normative) TRP measurement grids” to TS 38.141-2 [1]. A similar annex already exists in TS 37.145-2 [2]. It also corrects parts of the text in which the annex is referenced. In addition, several TRP measurement procedures were agreed and captured in TR 37.843 [3] at the RAN4#88 meeting.   

The TP captures TRP sampling grids and measurement procedures as agreed in TR 37.843 [3].

Constructive comments are encouraged. 
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5	Text proposal
TS 38.141-2 v1.0.0


TP to TS 38.141-2, v1.0.0
------------------------------ Modified section ------------------------------
[bookmark: _Toc523481299]6.3.4.2	Procedure	Comment by Michal Szydelko: OTA BS output power
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.
1)	Place the BS at the positioner.
2)	Align the manufacturer declared coordinate system orientation (see table 4.6-1, D9.2) of the BS with the test system.
3)	Set the BS in the direction of the declared beam peak direction of the beam direction pair, for the beam to be tested.
4)	Configure the beam peak direction of the BS according to the required conditions for the TRP test.
5)	Set the BS to transmit according to the applicable test configuration in clause 5 using the corresponding test model(s) in subclause 4.12.2.
	In addition, for a BS declared to be capable of multi-carrier and/or CA operation use the applicable test signal configuration and corresponding power setting specified in subclause 4.11.
6)	Set the BS in the reference direction of the appropriated TRP measurement grid (see annex xxI).
Editor’s note: annex xx will describe how the measurement grid conforms to the specified TRP estimation uncertainty – it is important it is finished before the final approval.
7)	Measure EIRP by either a) or b) below:
a)	If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the BS.
b)	If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.
8)	Repeat step 6-7 for all directions in the appropriated TRP measurement grid needed for full TRP estimation (see annex xxI).
9)	Calculate TRP using the EIRP measurements.
For multi-band RIBs and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carriers activated in the other band.

------------------------------ Next modified section ------------------------------
[bookmark: _Toc523481329]6.5.1.4.2.2	BS type 2-O	Comment by Michal Szydelko: OTA Tx OFF power, FR2
[4)	Configure the beam peak direction of the NR BS according to the declared beam direction pair.
5)	Set the NR BS to transmit according to the applicable test configuration in subclause 4.8 using the corresponding test models or set of physical channels in subclause 4.9.
	In addition, for an NR BS declared to be capable of multi-carrier and/or CA operation use the applicable test signal configuration and corresponding power setting specified in subclause 4.7.3.
6)	Set the NR BS in the reference direction of the appropriated TRP measurement grid (see annex xxI).
7)	Measure EIRP by either a) or b) below. EIRP is measured over 70/N μs filtered with a square filter of bandwidth equal to the RF bandwidth of the NR BS centred on the central frequency of the RF bandwidth. 70/N μs average window centre is set from 35/N μs after end of one transmitter ON period + 3μs to 35/N μs before start of next transmitter ON period - 3μs. N = SCS/15, where SCS is Sub Carrier Spacing in kHz.
a)	If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the NR BS.
b)	If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.
8)	For an NR BS supporting contiguous CA, measure EIRP by either a) or b) below. EIRP is measured over 70/N μs filtered with a square filter of bandwidth equal to the Aggregated Channel Bandwidth BWChannel_CA centred on (Fedge_high+Fedge_low)/2. 70/N μs average window centre is set from 35/N μs after end of one transmitter ON period + 3 μs to 35/N μs before start of next transmitter ON period - 3 μs. N = SCS/15, where SCS is Sub Carrier Spacing in kHz.
a)	If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the NR BS.
b)	If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.
9)	Repeat step 6-8 for all directions in the appropriated TRP measurement grid needed for full TRP estimation (see annex xxI).
10)	Calculate TRP using the EIRP measurements.
For multi-band capable NR BS and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carriers activated in the other band.]
------------------------------ Next modified section ------------------------------
[bookmark: _Toc523481391]6.7.3.4.1	Initial conditions	Comment by Michal Szydelko: ACLR
Test environment:	normal; see annex B.2.
RF channels to be tested: 	FFS; see subclause 4.9.1.
Base Station RF Bandwidth positions to be tested for multi-carrier: FFS in single-band operation, see subclause 4.9.1; FFS in multi-band operaton, see subclause 4.9.1.
As the requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement procedure (see annex FI) as long as the required TRP output power level is achieved.
[bookmark: _Toc523481392]6.7.3.4.2	Procedure
[bookmark: _Hlk513388270]1)	Place the BS at the positioner.
2)	Align the manufacturer declared coordinate system orientation (see table 4.10-1, D9.2) of the BS with the test system.
3) Configure the BS such that the beam peak direction(s) applied during the power measurement step 6 are consistent with the grid and measurement approach for the TRP test.
	The measurement devices characteristics shall be:
	- measurement filter bandwidth: defined in subclause 6.7.3.5.
	- detection mode: true RMS voltage or true power averaging. 
4)	For single carrier operation, set the BS to transmit according to the applicable test configuration in clause 5 using the corresponding test model(s) in subclause 4.12.2 at manufacturers declared rated carrier output power (PRated,c,TRP).
	For a BS declared to be capable of multi-carrier and/or CA operation use the applicable test signal configuration and corresponding power setting specified in subclause 4.11.
5) Align the BS and the test antenna such that measurements to determine TRP can be performed (see aAnnex xxI).
6)	Measure the absolute power of the assigned channel frequency and the (adjacent channel frequency).
7)	Repeat step 5-6 for all directions in the appropriated TRP measurement grid needed for TRPEstimate for each of the assigned channel frequency and the adjacent channel frequency (see aAnnex xxI).
8)	Calculate TRPEstimate for the absolute total radiated power of the wanted channel and the adjacent channel and the ACLR estimate using the measurements made in Step 7.
NoteNOTE: ACLR is calculated by the ratio of the absolute TRP of the assigned channel frequency and the absolute TRP of the adjacent frequency channel.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc523481401]6.7.4.4.1	Initial conditions	Comment by Michal Szydelko: OBUE
Test environment:	normal; see TS 38.141-1 [3], annex B.
RF channels to be tested: 	FFS; see subclause 4.9.1.
Base Station RF Bandwidth positions to be tested for multi-carrier: 
- FFS in single-band operation, see subclause 4.9.1; 
- FFS in multi-band operaton, see subclause 4.9.1.
As the requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement procedure (see annex FH) as long as the required TRP output power level is achieved.
[bookmark: _Toc523481402]6.7.4.4.2	Procedure
1)	Place the BS at the positioner.
2)	Align the manufacturer declared coordinate system orientation (see table 4.10-1, D9.2) of the BS with the test system.
3) Configure the BS such that the beam peak direction(s) applied during the power measurement step 6 are consistent with the grid and measurement approach for the TRP test.
	The measurement devices characteristics shall be:
	- measurement filter bandwidth: defined in subclause 6.7.4.5.
	- detection mode: true RMS voltage or true power averaging. 
4)	For single carrier operation, set the BS to transmit according to the applicable test configuration in clause 5 using the corresponding test model(s) in subclause 4.12.2 at manufacturers declared rated carrier output power (PRated,c,TRP).
	For a BS declared to be capable of multi-carrier and/or CA operation use the applicable test signal configuration and corresponding power setting specified in subclause 4.11.
5) Align the BS and the test antenna such that measurements to determine TRP can be performed (see aAnnex xxI).
6)	Sweep the centre frequency of the measurement filter in contiguous steps and measure emission power within the specified frequency ranges with the specified measurement bandwidth.
7)	Repeat step 5-6 for all directions in the appropriated TRP measurement grid needed for TRPEstimate (see annex xxI).
8)	Calculate TRPEstimate using the measurements made in step 6.
9) For BS type 1-O and multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc512334303][bookmark: _Toc523481413]6.7.5.2.4.1	Initial conditions	Comment by Michal Szydelko: Tx spur: general requirement
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier, see subclause 4.9.1: 	
· For FR1:
· B when testing from 30 MHz to FDL_low - ΔfOBUE
· T when testing from FDL_high + ΔfOBUE to 12.75 GHz (or to 5th harmonic)
· For FR2: 
· B when testing from 30 MHz to FDL_low - ΔfOBUE
· T when testing from FDL_high + ΔfOBUE to 2nd harmonic (or to 60 GHz)
RF bandwidth positions to be tested in single-band multi-carrier operation, see subclause 4.9.1:
· For FR1:
· BRFBW when testing from 30 MHz to FDL_low - ΔfOBUE
· TRFBW when testing from FDL_high + ΔfOBUE to 12.75 GHz (or 5th harmonic)
· For FR2: 
· BRFBW when testing from 30 MHz to FDL_low - ΔfOBUE
· TRFBW when testing from FDL_high + ΔfOBUE to 2nd harmonic (or to 60 GHz)
RF bandwidth positions to be tested in multi-band multi-carrier operation, see subclause 4.9.1:
· For FR1:
· BRFBW_T'RFBW when testing from 30 MHz to FDL_Blow_low - ΔfOBUE
· B'RFBW_TRFBW when testing from FDL_Bhigh_high + ΔfOBUE to 12.75 GHz (or to 5th harmonic)
· BRFBW_T'RFBW and B'RFBW_TRFBW when testing from FDL_Blow_high + ΔfOBUE to FDL_Bhigh_low - ΔfOBUE
· For FR2:
· BRFBW_T'RFBW when testing from 30 MHz to FDL_Blow_low - ΔfOBUE 
· B'RFBW_TRFBW when testing from FDL_Bhigh_high + ΔfOBUE to 2nd harmonic (or to 60 GHz)
· BRFBW_T'RFBW and B'RFBW_TRFBW when testing from FDL_Blow_high + ΔfOBUE to FDL_Bhigh_low  - ΔfOBUE 
Directions to be tested: As the requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement procedure (see annex xxH) as long as the required TRP output power level is achieved. 
[bookmark: _Toc512334304][bookmark: _Toc523481414]6.7.5.2.4.2	Procedure
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.
1)	Place the BS at the positioner.
2)	Align the manufacturer declared coordinate system orientation (see table 4.6-1, Dx.x) of the AAS BS with the test system.
3)	Measurements shall use a measurement bandwidth in accordance to the conditions in subclause 6.7.5.2.5.
4)	The measurement device characteristics shall be:
-	Detection mode: True RMS.
5)	Set the BS to transmit
 -	For RIB declared to be capable of single carrier operation only, set the RIB to transmit a signal according to E-TM1.1 in subclause 4.12.2, at manufacturer's declared rated output power Prated,c,TRP.
-	For a RIB declared to be capable of multi-carrier and/or CA operation, set the set the RIB to transmit according to E-TM1.1 on all carriers configured using the applicable test configuration and corresponding power setting specified in subclause 4.8.
6)	Align the BS and the test antenna such that measurements to determine TRP can be performed (see annex xxI).
7)	Measure the emission at the specified frequencies with specified measurement bandwidth. 
8)	Repeat step 6-7 for all directions in the appropriated TRP measurement grid needed for full TRP estimation (see annex xxI).
NOTE 1: the TRP measurement grid may not be the same for all measurement frequencies.
NOTE 2: the frequency sweep or the TRP measurement grid sweep may be done in any order.
9)	Calculate TRP at each specified frequency using the directional measurements.
In addition, for multi-band RIB(s), the following steps shall apply:
10)		For multi-band RIBs and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc512334319][bookmark: _Toc523481431][bookmark: _Toc512334320]6.7.5.4.4.1	Initial conditions	Comment by Michal Szydelko: Tx spur: additional requirement
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: 	
· For FR1:
· B when testing from 30 MHz to FDL_low - ΔfOBUE
· T when testing from FDL_high + ΔfOBUE to 12.75 GHz (or to 5th harmonic)
· For FR2:
·  B when testing from 30 MHz to FDL_low - ΔfOBUE
· T when testing from FDL_high + ΔfOBUE to 2nd harmonic (or to 60 GHz)
RF bandwidth positions to be tested in single-band multi-carrier operation: 
· For FR1:
· BRFBW when testing from 30 MHz to FDL_low - ΔfOBUE
· TRFBW when testing from FDL_high + ΔfOBUE to 12.75 GHz (or to 5th harmonic)
· For FR2:
·  BRFBW when testing from 30 MHz to FDL_low - ΔfOBUE
· TRFBW when testing from FDL_high + ΔfOBUE to 2nd harmonic (or to 60 GHz)
RF bandwidth positions to be tested in multi-band multi-carrier operation:
· For FR1:
· BRFBW_T'RFBW when testing from 30 MHz to FDL_Blow_low - ΔfOBUE
· B'RFBW_TRFBW when testing from FDL_Bhigh_high + ΔfOBUE to 12.75 GHz (or to 5th harmonic)
· BRFBW_T'RFBW and B'RFBW_TRFBW when testing from FDL_Blow_high + ΔfOBUE to FDL_Bhigh_low - ΔfOBUE 
· For FR2:
· BRFBW_T'RFBW when testing from 30 MHz to FDL_Blow_low - ΔfOBUE 
· B'RFBW_TRFBW when testing from FDL_Bhigh_high + ΔfOBUE to 2nd harmonic (or to 60 GHz)
· BRFBW_T'RFBW and B'RFBW_TRFBW when testing from FDL_Blow_high + ΔfOBUE to FDL_Bhigh_low - ΔfOBUE 
Directions to be tested: As the requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement procedure (see annex xxI) as long as the required TRP output power level is achieved. 
[bookmark: _Toc523481432]6.7.5.4.4.2	Procedure
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.
1)	Place the BS at the positioner.
2)	Align the manufacturer declared coordinate system orientation (see table 4.6-1, Dx.x) of the AAS BS with the test system.
3)	Measurements shall use a measurement bandwidth in accordance to the conditions in subclause 6.7.5.2.5.
4)	The measurement device characteristics shall be:
-	Detection mode: True RMS.
5)	Set the BS to transmit:
 -	For RIB declared to be capable of single carrier operation only, set the RIB to transmit a signal according to E-TM1.1 in subclause 4.12.2, at manufacturer's declared rated output power Prated,c,TRP.
-	For a RIB declared to be capable of multi-carrier and/or CA operation, set the set the RIB to transmit according to E-TM1.1 on all carriers configured using the applicable test configuration and corresponding power setting specified in subclause 4.8.
6)	Align the BS and the test antenna such that measurements to determine TRP can be performed (see annex xxI).
7)	Measure the emission at the specified frequencies with specified measurement bandwidth.
8)	Repeat step 6-7 for all directions in the appropriated TRP measurement grid needed for full TRP estimation (see annex xxI).
NOTE 1: the TRP measurement grid may not be the same for all measurement frequencies.
NOTE 2: the frequency sweep or the TRP measurement grid sweep may be done in any order.
9)	Calculate TRP at each specified frequency using the directional measurements.
In addition, for multi-band RIB(s), the following steps shall apply:
10)	For multi-band RIBs and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc523481449]6.8.4.2	Procedure	Comment by Michal Szydelko: Tx IMD
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.

1)  Select a CLTA according to parameters given in table 4.12.2.2-1.  
2) Place the CLTA according to parameters given in table 4.12.2.3-1.
3) The test antenna(s) shall be dual (or single) polarized covering the same frequency range as the NR BS and the emission frequencies. 
4) Several test antennas are required to cover both the NR BS and the whole emission frequency range. 
5) Connect test antenna and CLTA to the measurement equipment as shown in Annex E1.5.
6) During the OTA emission measurements at the test antenna conducted output(s), both NR BS and CLTA are rotated around same axis. 
7) The OTA emission measurement method shall be TRP, according to the procedure described in Annex X.YI.

Editor’s note: Annex X.Y will describe TRP test method and associated details related to integration method and sampling grid
8) The measurement device (signal analyzer) characteristics shall be:
-  Detection mode: True RMS.
9) Set the NR BS to transmit:
-	Set the NR BS to transmit maximum power according to the applicable test configuration in clause 4.8 using the corresponding test models or set of physical channels in subclause 4.9.3. 
10) Generate the interfering signal via the co-location reference antenna. The co-location reference antenna is fed with Prated,t,TRP, equally divided on all the supported polarizations, from the same signal generator source:
-	using test model as defined in subclause 4.9.3, at a centre frequency offset according to the conditions in table 9.8.2-1 in 3GPP TS 38.104 [1], but exclude interfering frequencies that are outside of the allocated downlink operating band or interfering frequencies that are not completely within the sub-block gap or within the Inter RF Bandwidth gap.
11) Adjust the interfering signal level at the co-location reference antenna conducted output(s) as defined in:
- 	transmitter intermodulation table 9.8.2-1 in 3GPP TS 38.104 [1].
12) If the interferer signal is applicable according to clause 4.8, perform the unwanted emission tests specified in subclauses 6.7.3 (OTA ACLR) and 6.7.4 (OTA OBUE) for all third and fifth order intermodulation products which appear in the frequency ranges defined in subclauses 6.7.3 and 6.7.4 (Note 2). The width of the intermodulation products shall be taken into account. 
13) If the interferer signal is applicable according to clause 4.8, perform the Transmitter spurious emissions test as specified in subclause 6.7.5 (OTA spurious emission), except OTA co-location spurious emission, for all third and fifth order intermodulation products which appear in the frequency ranges defined in subclause 6.7.5 (Note 2). The width of the intermodulation products shall be taken into account.
14) Verify that the emission level does not exceed the required level in subclause 6.8.5 (Test requirements) with the exception of interfering signal frequencies.
15) Repeat the test for the remaining interfering signal centre frequency offsets according to the conditions of:
- 	transmitter intermodulation table 9.8.2-1 in 3GPP TS 38.104 [1].
16) Repeat the test for the remaining interfering signals defined in clause 4.8 for requirements 6.7.3 (OTA ACLR), 6.7.4 (OTA OBUE) and 6.7.5 (OTA spurious emission), except OTA co-location spurious emission.
In addition, for multi-band RIB, the following steps shall apply:
17) For multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
NOTE 1:	The third order intermodulation products are centred at 2F1F2 and 2F2F1. The fifth order intermodulation products are centred at 3F12F2, 3F22F1, 4F1F2, and 4F2F1 where F1 represents the test signal centre frequency or centre frequency of each sub-block and F2 represents the interfering signal centre frequency. The widths of intermodulation products are:
-	(n*BWF1 + m*1.6MHz) for the nF1mF2 products;
-	(n*1.6MHz + m* BWF1) for the nF2mF1 products;
	where BWF1 represents the test signal RF bandwidth or channel bandwidth in case of single carrier, or sub-block bandwidth.
NOTE 2:	During the conformance test the interferer signal can be applied on one side of the wanted signal, while the transmitter intermodulation emission is measured only on the opposite side of the wanted signal. This applies for intermodulation products which are within the operating band or OBUE region.  
------------------------------ Next modified section ------------------------------
[bookmark: _Toc523481531]7.7.4.2	Procedure	Comment by Michal Szydelko: Rx spur
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.
1)	Place the BS at the positioner.
2)	Align the manufacturer declared coordinate system orientation (see table 4.6-1, Dx.x) of the BS with the test system.
3)	Measurements shall use a measurement bandwidth in accordance to the conditions in subclause 7.7.5.
4)	The measurement device characteristics shall be:
-	Detection mode: True RMS.
5)	Set the TDD BS to receive only.
6)	Align the BS and the test antenna such that measurements to determine TRP can be performed (see annex xxI).
6)	Measure the emission at the specified frequencies with specified measurement bandwidth 
7)	Repeat step 6-9 for all directions in the appropriated TRP measurement grid needed for full TRP estimation (see annex xxI).
NOTE 1: the TRP measurement grid may not be the same for all measurement frequencies.
NOTE 2: the frequency sweep or the TRP measurement grid sweep may be done in any order
8)	Calculate TRP at each specified frequency using the directional measurements.
In addition, for multi-band RIB(s), the following steps shall apply:
9)	For multi-band RIB(s) and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
------------------------------ Next modified section ------------------------------

--------------Start of text proposal-------------


Annex I (normative):
TRP measurement grids
[bookmark: _Toc523325554]I.1		General
The annex describes various sampling grids and procedures for OTA TRP performance of AAS BS. 
[bookmark: _Toc523325555]I.2	Spherical equal angle grid
[bookmark: _Toc523325556]I.2.1	General
TRPEstimate is defined as 
 
when EIRP measurements is used or as 
 
when power density measurements are used, and d is the test distance. N and M are the number of samples in the  and  angles. Each () is a sampling point. The sampling angular intervals for  and  angles are  and . The sampling intervals  and  are described in I.2.2.

[bookmark: _Toc523325557]I.2.2	Reference angular step criteria                                          
The reference angular steps  and  in are radians are defined as


Dcyl and D are calculated as 


The definition of d, w and h is shown in Figure I2.2-1. The radiation source can be EUT antenna array or the whole of EUT.
[image: ]
Figure I2.2-1: Dimensions of a radiation source: depth (d), width (w) and height (h)

In the case of Uniform Linear Array (ULA)  and the EUT is mounted along the yz plane as shown in Figure I2.2-2, the  reference angular step can be determined by



Where Dy is the length of radiating parts of EUT along y-axis, Dz is the length of radiating parts of EUT along the z-axis and  is wavelength for the measured frequency. 
[image: Figure 3]
Figure I2.2-2. Spherical coordinate for OTA conformance testing of EUT
Where due to practical reasons such as time constraints or turn-table precision, measurement with the reference steps is not practical, sparser grids can be used. Use of sparse grids can lead to errors in TRP assessment. In order to characterize these errors, the SF (sparsity factor )of the grid is defined as




Where  and  are the actual angular steps used in the measurement.
[bookmark: _Toc523325558]I.3	Spherical equal area grid
TRPEstimate is defined as 
 
N is the total number of samples and specified as
.
The sampling intervals  and  are described in I.2.2. Each () is a sampling point. 
[bookmark: _Toc523325559]I.4 	Spherical Fibonacci grid
TRPEstimate is defined as 
	
I is the total number of samples and specified as 
 
The sampling intervals  and  are described in I.2.2. Each () is a sampling point.
[bookmark: _Toc523325560]I.5 Orthogonal cut grid
Here, at least two cuts (default) shall be used, an optional third cut can be used. The alignment of the cuts must be along the symmetry planes of the antenna array. No alignment is required for spurious emissions.
When alignment is required: 
1. The first mandatory cut is a horizontal cut passing through the peak direction of the main beam.
1. The second mandatory is a vertical cut passing through the peak direction of the main beam. Using the data from these two mandatory cuts, a conditional pattern multiplication can be used.
1. The third optional cut is a vertical cut orthogonal to the first and the second cut.
When alignment is not required, the cuts can be aligned arbitrarily.
Once the number and the orientation of the cuts are decided, the total EIRP is measured on the orthogonal cuts and the TRP is then calculated as follows: First the contributions from each cut is calculated as
		
where P is the number of sampling points in the cut. The final contribution for all cuts is calculated as
		
where N is the number of cuts. Note that when orthogonal cuts are measured, the intersection points are measured multiple times and the repeated values can be removed from the samples before averaging.
When two cuts measurements are used, a conditional pattern multiplication can be applied. The following are the conditions for applying pattern multiplication:
0. The vertical cut (and the main beam) is in the  -plane
0. The frequency of the emission is within the downlink operating band. 
0. The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
0. The emission appears/disappears when the Tx power is turned on/off.
0. The antenna arrays of the EUT
4. Have rectangular grids of antenna element positions
4. Have symmetry planes that are vertical and horizontal.
4. Have parallel antenna planes 
The antenna array is here assumed to be placed in the yz-plane. The pattern multiplication is performed in uv-coordinates and the data in the two cuts are denoted  at and a vertical cut with data  at . The data is split in two parts corresponding to the forward and backward hemispheres. The uv-coordinates are the projections of the angular directions onto the antenna plane, here the yz-plane. Using the spherical coordinates as depicted in Fig. F.1.2.-1 the u and v coordinates are defined as

Note that only the data on the cuts are measured.
Calculate power density/EIRP values outside the two cardinal cuts as

The pattern multiplication is applied separately for the forward (fwd) and backward (bwd) hemisphere. The TRP is then calculated as

Note: the numerical singularity at  must be treated with care, e.g. by change of variables.
[bookmark: _Toc523325561]I.6 Wave vector space grid
If EUT is mounted along the yz plane as shown in Figure I2.2-1, ,the reference step in wave vector space can be determined by

where Dy is the length of radiating  parts of EUT along  y-axis, Dz is the length of radiating parts of EUT along the z-axis. 

According to the relationship between the normalized wave vector and spherical coordinate, the wave vector can be  represented as following:  

The total radiated power (TRP) in the wave vector space is determined by	                                                                       


Where due to practical reasons such as time constraints or turn-table precision, measurement with the reference steps is not practical, sparser grids can be used. Use of sparse grids can lead to errors in TRP assessment. In order to characterize these errors, the SF (sparsity factor)of the grid is defined as






Where  and  are the actual steps used in the wave vector space in the measurement.

I.7 Orthogonal 2 cuts with pattern multiplication
This method can be used when the antenna symmetries are compatible with pattern multiplication, see Subclause F.1.2.4. The procedure is as follows:
1. Calculate the reference angular steps as described in Subclause I.1.2.
1. Align the EUT to allow for proper pattern multiplication. See Subclause I.5. Measure EIRP on two orthogonal cuts with steps smaller or equal to the reference steps according to step 1. 
1. Apply pattern multiplication according to Subclause F.5 to extrapolate the two cuts data to full-sphere.
1. Apply numerical integration to obtain the TRP estimate as described in Subclause I.5.

I.8 Orthogonal 2 or 3 cut with dense sampling
The procedure is as follows:
1. Follow steps described in I.5 and calculate the TRP estimate.
1. Add the appropriate correction factor ΔTRP according to Table I.8-1 to ensure overestimation with 95% confidence.
1. Compare the (TRP estimate + ΔTRP) to the limit.
1. If the (TRP estimate + ΔTRP) is above the limit, perform the measurement on an additional third cut and repeat steps 1 to 3.
	
	Three cuts 
	Two cuts

	Correction factor ΔTRP (dB)
	[2.0]
	[2.5]


Table I.8-1: The correction factor for two or three cuts dense sampling.

I.9 Full sphere with sparse sampling
The procedure is as follows:
1. Set the angular grid:
0. Non-harmonic frequencies: choose the angular steps  and  smaller than or equal to [15] degrees. Calculate the sparsity factor (SF) as 

 and the correction factor as: 

where  corresponds to 15 degrees angular step. If the sparsity factor is smaller than 1, the correction factor ΔTRP is 0 dB. 
0. Harmonic frequencies with fixed beam test signal: choose the angular steps smaller than or equal to the reference angular steps  and . Correction factor ΔTRP is 0 dB.
0. [Harmonic frequencies with beam sweeping test signal: set the angular steps to [15] degrees. Correction factor is ΔTRP 0 dB].

1. Apply a suitable numerical integration to calculate the TRP estimate.
1. Add the appropriate correction factor ΔTRP according to step 1 to ensure an overestimation with 95% confidence.
1. Compare the (TRP estimate + ΔTRP) with the limit. If the (TRP estimate + ΔTRP) is above the limit, choose a smaller angular step and repeat steps 2-4. If the sparsity factor is less than one, no significant improvement of accuracy is expected.


I.10 Beam-based directions
Beam-based direction can be used if directivity of the EUT antenna is known for the base station operating band. TRPEstimate is defined as 
, where  is the maximum EIRP in the beam peak direction within a particular beam direction pair and  is directivity of the EUT antenna.

I.11 Peak method
The peak method can be used when frequencies with unwanted peak emissions are identified during pre-scan. The method does not provide an estimate of TRP. 
For each peak emission frequency identified during pre-scan, measure peak EIRP or power density as follows: 
1. Move EUT and test antenna to the same position where the peak emission is recorded during the pre-scan.
2. Move the EUT around the position and test antenna orientation to find the final peak EIRP or power density.
3. The measured peak power density or EIRP shall be used to demonstrate conformance. 
   NOTE:	Peak EIRP is the linear sum of two orthogonal polarized components.

F.12 Equal sector with peak average 
Equal sector with peak average can be performed on frequencies with unwanted peak emission, which are considered by the peak method for further measurements. 
The spherical angle  is divided into K equal sectors. If the largest dimension of EUT is less than 60 cm, then each sector is a half quadrant of 45°.
For each peak emission frequency, measure peak EIRP of beams belonging to different sectors of the sphere as follows: 
1. Move EUT and test antenna to the same position where the emission peak is recorded during the pre-scan.
2. Move EUT around the position and test antenna orientation to find the final peak EIRP.
3. Repeat Steps 1 to 2 until all sectors are covered.
4. Calculate TRPEstimate as 
  , where  is the peak EIRP in the kth sector.  
NOTE:	Peak EIRP is the linear sum of two orthogonal polarized components. 

F.13 Pre-scan
Pre-scan is used to identify frequencies with unwanted emission power levels above a certain threshold. The pre-scan does not provide an estimate of TRP. 
The procedure for pre-scan is as follows:
1. Scan the entire surface around EUT.
2. Rotate test antenna to cover all possible polarizations of emissions to detect maximum emissions.
3. Record the list of frequencies and corresponding unwanted emission power levels, EUT spatial positions, and test antenna polarization for which the maximum emission levels occur.   
4. Emissions which [20 dB] or more below the specified limit shall not require further measurements.   

--------------end of text proposal-------------
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