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------ Start of changes ------
10.8.3	TRP measurement procedures
Different procedures can be used to evaluate the TRP estimate. These procedures can provide either an accurate assessment or a controlled overestimate of the TRP. The choice of methods is based also on the available test setup, measurement equipment, and the measurement time. This section describes the methods which are suitable for each type of requirements. Other relevant methods are not precluded. For each method, the test purpose (accurate or overestimate) is pointed out. A summary of the requirement types and measurement procedures is shown in Table 10.8.3-1.
In the following clauses the measurement procedures for different parameters are described under the assumption of equal angle sampling. Similar procedures can be also used with other types of spherical grids, given that the proper reference steps  and  are determined.
Table 10.8.3-1 - Applicability of TRP measurement methods to the type of emissions to be measured.
	
	 Base station output power 5.2.2
	Unwanted emissions: Adjacent channel leakage ratio 5.6.3.3(ACLR)
(Note 1)
	Unwanted emissions: Spectrum emission mask 5.6.4.3 and Operating band unwanted emission OTA 5.6.5.3 (SEM & OBUE)
	Transmitter /Receiver spurious emissions OTA 5.6.6.1.3 /6.6.3
(Note 2)

	Full sphere using reference steps (accurate)
	X
	X
	X
	X

	Full sphere using sparse sampling (overestimate) [y]
	
	
	
	X (Note 3)

	Two cuts + Pattern multiplication (accurate) (Note 4)
	X
	X
	X
	

	Two/three cuts (overestimate)
	
	X
	X
	X (Note 3)

	Beam-based directions
	X
	X
	X
	

	Peak method
	
	
	X
	X

	Equal sector with peak average
	
	
	X
	X

	Pre-scan
	
	X
	X
	X

	Reverberation chamber
	X
	X
	X
	X

	Note 1: 	Two TRP measurements are needed.
Note 2: 	Pre-scan is needed to identify the frequencies of interest. Pre-scan can also be applied to ACLR, OBUE and SEM.
Note 3: 	At harmonic frequencies the use of this method is FFS due to risk of high beamforming gain
Note 4: 	Pattern multiplication is conditional
Note:        If box is blank the method is not applicable for that requirement. excluded but the methodology has not been described in subclause 10.8, 3GPP TR 37.843; Other methods are not precluded if a suitable analysis is shown the method may be applied.



[bookmark: _Toc526338035]10.8.3.1	Procedures for  base station output power
[bookmark: _Toc526338036]10.8.3.1.1	General
Test purpose: Accurate TRP assessment.
The radiation source is assumed to be limited to the antennas on the EUT and it’s not necessary to take the dimensions of the whole EUT into account for calculations of the far-field distance and the reference angular resolution. The test choices are as follows.
[bookmark: _Toc526338037]10.8.3.1.2	Two cuts with pattern multiplication
Use this method when the antenna symmetries are compatible with pattern multiplication, see Sec 10.8.2.5. Following steps are performed during the measurement.
1.	Calculate the reference angular steps as described in Sec. 10.8.2.1.
2.	Align the EUT to allow for proper pattern multiplication. See Sec. 10.8.5. Measure EIRP on two orthogonal cuts with steps smaller or equal to the reference steps according to step 1. 
3.	Apply pattern multiplication according to Sec. 10.8.5 to extrapolate the two cuts data to full-sphere.
4.	Apply numerical integration to obtain the TRP estimate as described in Sec. 10.8.5.
[bookmark: _Toc526338038]10.8.3.1.3	Full sphere 
Following steps are performed during the measurement:
1.	Calculate the reference angular steps as described in Sec. 10.8.2.1. Other methods for determining the required angular steps are not precluded. 
2.	Choose the angular steps smaller than or equal to the reference angular steps.
3.	Measure EIRP values on a spherical grid according to Sec. 10.8.2.1 Having the poles of the measurement grid along the direction of the main beam shall be avoided.
Note:	Spherical grids of  Sec .10.8.2.2, Sec. 10.8.2.3,Sec. 10.8.2.4 and Sec.10.8.2.6 can also be used with proper angular steps.
4.	Apply suitable numerical integration to calculate the TRP estimate.
[bookmark: _Toc526338039][bookmark: _Hlk522205443]10.8.3.1.4	Beam-based directions 
This method is only applicable if directivity of EUT antenna is known for the operating frequency. For the Rel-13 AAS BS EIRP accuracy requirement, the peak EIRP of a beam is measured at the beam peak direction within the beam direction pair. Following the same approach, the peak EIRP of a beam can be obtained, which is used to derive TRP estimate using directivity of EUT antenna as follows:
	,	
where  is the directivity of EUT.
10.8.3.1.5	Reverberation chamber
Refer to sub-clause 10.5.2.3 for the detailed procedure description.
[bookmark: _Toc526338040]10.8.3.2	Procedures for SEM and OBUE
[bookmark: _Toc526338041]10.8.3.2.1	General
Test purpose: Accurate or controlled overestimate of TRP.
The radiation source is limited to the antennas on the EUT and it’s not necessary to take the dimension of the whole EUT into account for calculations of the far-field distance and the reference angular steps. The test choices are as follows.
[bookmark: _Toc526338042]10.8.3.2.2	Two cuts with pattern multiplication
Use the same procedure as in  10.8.3.1.2. 
[bookmark: _Toc526338043]10.8.3.2.3	Two or Three cuts
Use this method when the cuts described in 10.8.2.5  can be identified, but the pattern multiplication is not applicable according to the requirements in 10.8.2.5. This method will provide an overestimated value for TRP. Following steps are performed during the measurement. 
1.	Calculate the reference angular steps.
2.	Measure EIRP on two orthogonal cuts with angular steps smaller than or equal to the reference steps according to step 3. Align the EUT such that the cardinal cuts are measured. See Fig. 10.8.2.5-1.
3.	Calculate the average EIRP in each cut and then the TRP estimate according to 10.8.2.5.
4.	If the TRP estimate is above the requirement limit, perform the measurement on a third cut (See Fig. 10.8.2.5-1) and repeat step 3.
[bookmark: _Toc526338044]10.8.3.2.4	Full sphere 
Use the same procedure as in 10.8.3.1.3.
[bookmark: _Toc526338045]10.8.3.2.5	Beam-based directions
This method only applicable if directivity of EUT antenna is available for the downlink operating band plus ΔfOBUE on either side of the band edge. Refer to 10.8.3.1.4 for more details. 
The pre-scan, peak and equal sector with peak average methods are possible options. For more details, refer to 10.8.3.4.1- 10.8.3.4.3.
10.8.3.2.6	Reverberation chamber
Refer to sub-clause 10.5.2.3 for the detailed procedure description.

[bookmark: _Toc526338046]10.8.3.3	Procedures for ACLR
[bookmark: _Toc526338047]10.8.3.3.1	General
Test purpose: Accurate or controlled underestimate of ACLR.
The methods described in this section are used for assessment of the TRP values for ACLR. Depending on the method, the result can be accurate or a controlled underestimate of the ACLR. The latter applies if the TRP of the radiation in the adjacent band  is overestimated. The radiation source is limited to the antennas on the EUT and it’s not necessary to take the dimension of the whole EUT into account for calculations of the far-field distance and the reference angular steps. 
[bookmark: _Toc526338048]10.8.3.3.2	TRP fraction method
Following steps are performed during the measurement.
1.	For the TRP of the desired signal TRPd use a suitable method from10.8.3.1.
2.	For the TRP of the emission TRPe use a method from 10.8.3.2.
3.	Evaluate the ratio  .
10.8.3.3.3	Reverberation chamber
Refer to sub-clause 10.5.2.3 for the detailed procedure description.

[bookmark: _Toc526338049]10.8.3.4	Procedures for transmitter spurious emissions and EMC emissions
[bookmark: _Toc526338050]10.8.3.4.0	General
Test purpose: Accurate or controlled overestimate of TRP.
The methods described in this section are used for assessment of the TRP for spurious emissions. The methods are given in a sequence with increasing accuracy, but also increasing measurement time. There is no mandatory order in which to use these methods nor all of the methods should be used for evaluating TRP. Some of these methods can be skipped if they are deemed not necessary, for instance, the pre-scan and peak methods. 
The radiation source is not limited to the antennas on the EUT instead the entire physical dimensions of the EUT must be taken into account for calculations of the reference angular steps, see Sec. 10.8.2.1. Note that full-sphere sampling using reference angular steps is the only method that aims to provide an accurate TRP.
When available, using a beam sweeping test signal with these methods can reduce the test time and improve the uncertainty. 
[bookmark: _Toc526338051]10.8.3.4.1	Pre-scan
Pre-scan is a fast measurement method, which is performed over the entire spurious frequency range to identify spurious frequencies with emission power levels above a threshold. Note, it is not necessary to do pre-scan before executing the test methods in this section, but it is recommended. It is also not meant to provide an estimate of TRP. Hence, other relevant test methods should be used for TRP estimation.  
1.	The distance can be shorter than the intended measurement distance between EUT and the test antenna for evaluating TRP but should remain fixed throughout the scanning process.
2.	Scan the surface around the EUT. 
3.	Rotate the measurement antenna to cover all polarizations of emissions to detect the maximum emission.
4.	Record the list of spurious emission frequencies and corresponding power levels, spatial positions of EUT and test antenna polarization where the maximum power levels occurred. 
5.	For spurious frequencies with emission power levels more than [20 dB] below the specified limit in then these spurious frequencies are considered compliant and no further measurements are required.
6.	For all the other spurious frequencies that do not meet the criterion in Step 5, further measurements are required. 
[bookmark: _Toc526338052]10.8.3.4.2	Peak method
This method is applicable when the pre-scan method indicates the presence of emission peaks. The peak method can be skipped if there exist no emission peaks. Further, the method does not provide a TRP estimate instead the highest absolute EIRP is measured at each spurious frequency identified in the pre-scan. If the absolute EIRP meets the specified TRP limit, then it implies that the TRP estimate would meet the limit too. As a result, it is not needed to perform further measurement using the other methods.   Following steps are 
1.	Find the direction of the peak emission EIRP or peak power density 
2.	Start with the spurious frequency that has the maximum power level recorded during pre-scan. 
3.	The EUT and test antenna are oriented to the same position where the maximum power level is recorded during the pre-scan
Note: This set-up might not be applicable if pre-scan is performed in near-field.
4.	EUT and test antenna are moved around the position to identify and measure the peak EIRP. 
5.	If the peak EIRP for a spurious frequency is less than the specified limit then no further measurements are required else use the methods below to evaluate TRP estimates.
6.	Repeat Steps 4 to 6 for the next strongest emission.
[bookmark: _Toc526338053]10.8.3.4.3	Equal Sector with peak average method
The Equal sector with peak average method can be considered as an extension to the peak method. It is performed on the list of spurious frequencies which have not met the limit using the peak method. The method takes into account several peak EIRPs of beams belonging to different sectors of the sphere. TRP estimate is calculated as the average of the peak EIRP in different sectors.
1.	The measurement distance is in the far field. 
2.	The sphere is divided into  equal sectors. The total number of sectors depend on the dimensions of EUT. If the largest dimension is less than 60 cm, then each sector is a half quadrant of 45 degrees. Other techniques for determining the sector size are not precluded such as using the angular step. 
3.	For those spurious frequencies which need further measurements by the peak method, start with the spurious frequency that has the highest recorded power level.  
4.	Perform Steps 4 and 5 as in the peak method. 
5.	Move to the next sector with next higher emissions recorded and repeat Step 4 until all sectors are covered.
6.	Calculate TRP estimate as 
7.	, where  is in linear units.	Repeat steps 4 and 5 for at least [7] spurious frequencies with the next higher emission in descending order. 
8.	If TRP estimate for each of the 8 spurious frequencies is less than the specified limit then no further measurements are required else use the other methods to evaluate TRP estimates.  
[bookmark: _Toc526338054]10.8.3.4.4	Two or three cuts with dense sampling
Following sequence can be used
1.	Follow steps described in 10.8.3.2.3 and calculate the TRP estimate.
2.	Add the appropriate correction factor ΔTRP according to Table 10.8.3.4.4-1 to ensure overestimation with 95% confidence.
3.	Compare the (TRP estimate + ΔTRP) to the limit.
4.	If the (TRP estimate + ΔTRP)  is above the limit, perform the measurement on an additional third cut (See Fig. 10.8.2.5-1) and repeat steps 1 to 3.
Table 10.8.3.4.4-1: The correction factor for two or three cuts dense sampling.
	
	Three cuts 
	Two cuts

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



[bookmark: _Toc526338055]10.8.3.4.5	Full sphere with sparse sampling
Sparse angular sampling with a correction factor can be used to save measurement time.  The only difference is in the used angular steps. Following sequence can be used:
1.	Set the angular grid:
a.	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: 

b.	where  corresponds to 15 degrees angular step. If the sparsity factor is smaller than 1, the correction factor ΔTRP is 0 dB. 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.
c.	[Harmonic frequencies with beam sweeping test signal: set the angular steps to [15] degrees. Correction factor is ΔTRP 0 dB].
2.	Measure EIRP (or power density multiplied by grid surface )  on a spherical grid according to Sec. 10.8.2. Having the poles of the measurement grid along the direction of the main beam shall be avoided.
Note: Other spherical grids can also be used with proper angular sampling.
3.	Apply a suitable numerical integration to calculate the TRP estimate.
4.	Add the appropriate correction factor ΔTRP according to step 1 to ensure an overestimation with 95% confidence.
5.	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.
[bookmark: _Toc526338056]10.8.3.4.6	Full sphere 
Use the same procedure as in 10.8.3.1.3.
10.8.3.4.7	Reverberation chamber
Refer to sub-clause 10.5.2.3 for the detailed procedure description.


