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10.8	TRP measurement
10.8.1	General
The TRP or the radiated power is simply the total power radiated by an EUT, as in subclause 5.1.1. In theory, due to energy conservation, TRP is independent of choice of test distance..
In theory, TRPReference is defined as the integral of the EUT’s far field radiation pattern over a spherical surface, that is

	
where U(θ, ϕ) is the radiation intensity at each angle in watts per Steradian. In the far field, the radiation intensity can be defined as

	
ThusThus, the definite integral for TRPReference becomes

	
Since EIRP is defined only in the far field, some occasions the power measurements can be performed at distances less than 2d2/λ (the traditional approximate far-field distance ).,  It may be possible to measure power density in near field considering only the magnitude of the tangential part of E field,  with an acceptable level of accuracy assuming far field conditions. Thus equation can be expressed as

	
where   and     (intrinsic impedance of vacuum). 
The minimum distance between the measurement antenna and the smallest sphere enclosing the EUT must be at least 2λ. More details about the necessary conditions for accurate power density measurements close to EUT are included in Annex G.
In practice, discrete samples of EIRP or power density are measured at different directions  over the entire sphere, which are used to numerically approximate the surface TRPReference integral.  The obtained value, TRPEstimate ,TRPEstimate, is an approximation of TRPReference and the difference between them is defined as the TRP summation error (SE) which is.
	SE = | TRPEstimate – TRPreference |   (in dB)
The SE is the error caused by the numerical integration of measured values on the grid to obtain TRPEstimate, given that the number of test points correspond to the reference angular steps, which are in turn dependent on antenna size and frequency, as described in subclause 10.8.2. A reasonable tradeoff between accuracy and sampling time is achieved when the SE = 0,75 dB.
When measuring radiated power, at each measurement point, two partial results for two orthogonal polarizations needs to be added. These can be the θ and φ polarizations or any pair of orthogonal polarizations.
The distribution of sampling points on the spherical surface depends the type of sampling grids applied. In following subclauses, we describe several spherical sampling grids which can be applied to EIRP or power density measurements. 
10.8.2	TRP measurement grids
[bookmark: _Toc535436409]10.8.2.1	Spherical equal angle grid
With the spherical equal angle grid, the grid spacing is uniform in the  and  directions. The range of  angles from 0 to π is divided into  equally spaced subintervals and the range of  angles from 0 to 2π is divided into  equally spaced subintervals. The width of each subinterval in the - and -angle is given as:
	  and 
The total number of angular sampling points is equal to .
Let  and  be the indices used to denote the th  and th  angles, respectively. In practice, discrete samples of EIRP are measured at each sample point () by measuring its two orthogonally polarized components,  and . The EIRP sample are then used to approximate the definite integral for TRPReference as the discrete average sum of EIRP measured at different  and  angles.   
	.
The above equation can be simplified considering  =  = 0. Thus the total number of angular sampling points is equal to (N – 1)M.
Note TRPEstimate = TRPReference as  and  approach . 
There is a trade-off between the accuracy of the TRPEstimate and the total number of sampling points. A large number of sampling points leads to long measurement time. Thus, it is important to achieve short measurement time and fulfilling the minimum TRP summation error. Subclause 10.8.2.2 outlines the criteria for determining the minimum number of sampling points to characterize. Other means for set the number of sampling points are not precluded.
Figure 10.8.2.1-1: Void
One observation is that the equal angle grid points are not uniformly distributed on the sphere surface, and many are clustered towards the poles, as shown in Figure 10.8.2.1-2. 
[image: ]
Figure 10.8.2.1-2: Spherical equal angle sampling grid
Figure 10.8.2.1-3: Void
[bookmark: _Toc535436410]10.8.2.2	Reference angular step criteria
For each frequency, the reference angular steps  and  in radians are calculated as [29]:

	
	
	
, where D and Dcyl are defined in subclause 10.8.2.1. This implies a maximum angular step of [15] degrees.
The reference steps can be derived as follows. Consider two short vertical current elements separated a distance L along the z-axis. The EIRP pattern of this source is
	
Here, the element factor is  and  is the array factor contribution. To calculate the TRP value correctly, an angular sampling of  is required, see Figure 10.8.2.2-1. But a single  is enough since the pattern is -independent (omni-directional).
Any current flowing on a line between the points  will correspond to source separations less than or equal to L. Hence its EIRP pattern will correspond to the same angular resolution, i.e., the average value will be correctly predicted using the same angular step.
[image: ]
Figure 10.8.2.2-1: The average EIRP when using different angular steps  and the EIRP pattern of two short vertical current elements separated a distance L=4, 8, 12, 16, and 32 wavelengths, respectively. The dashed lines depict the reference angular step  radians for the used source separations.
To proceed to more general sources two observations are useful: 
1)	A rotation of a source will not change the required  resolution, but the  resolution must be set equal to the  resolution.
2)	If the source distribution is stretched along the z-direction, the -resolution will not change.
Based on these two observations and the angular resolution of the line source of length L, the following can be deduced.
1)	If the line source is tilted 90 degrees down to the xy-plane, and then arbitrarily rotated around the z-axis, a flat disc of diameter L is generated. Based on observation 1, the angular resolution is .
2)	If the disc is stretched a distance h along the z-axis (current elements are translated parallel to the z-axis), then the  is unchanged, whereas the vertical angular resolution increases to  to encompass the largest possible source separation within the cylinder.
The final shape of the source enclosure is hence a cylinder of diameter L and height h, and the angular steps required to get an accurate EIRP average (TRP value) are 
	 , .
Here,  is the diameter of the source enclosure, i.e., the diameter of the smallest sphere enclosing all sources, and  is the diameter of the smallest z-directed circular cylinder that encloses all sources.
Other methods for determining the reference angular steps are not precluded. 
Note: When sampling with the reference angular step, fine details of the radiation pattern are maybe not captured but the estimated TRP value is still accurate.
Spherical diameter is defined as the diameter of the smallest sphere enclosing the radiation source.
Cylindrical diameter is defined as the diameter of the smallest cylinder that encloses the radiation source along z-axis.
The spherical and cylindrical diameters are calculated as:
	
	 
The radiation source can be the antenna array or even the whole EUT, depending on the emissions we consider. This is further explained in subclause10.8.3 Measurement procedures.
Some basic definitions and relations are given here for readability.
[image: ]
Figure 10.8.2.2-2: the The dimensions of a radiation source are depth (d), width (w) and height (h)

For the specific case of Uniform Linear Array (ULA) system, the array spatial pattern could be defined as in the following equation. 
	[image: ]
Where spatial frequency [image: ] is defined as following: 
	[image: ] For the specific case of Uniform Linear Array (ULA) system, the array spatial pattern could be defined as in the following equation. 
	[image: ]
Where spatial frequency [image: ] is defined as following: 
	[image: ] 
Similar to Nyquist sampling in the time domain signal, the Rayleigh resolution for spatial domain signal to avoid the aliasing can be derived as:
	[image: ]

	
where d is the separation distance between antenna elements and m is the number of antenna elements. If EUT is mounted along the yz plane as shown in Figure 10.8.2.2-3, based on the above considerations on the Rayleigh resolution for spatial domain signal, then subinterval in the  φ and θ in degrees angle is calculated as:

	

	
Where [image: ]is length of radiating part of the EUT along  y-axis, [image: ] is length of radiated part of the EUT along the z-axis and [image: ] is wavelength for the measured frequency. Arcsine is in radians.Where Dy is length of radiating part of the EUT along y-axis, Dz is length of radiated part of the EUT along the z-axis and  is wavelength for the measured frequency. Arcsine is in radians.

[image: Figure 3]
Figure 10.8.2.2-3: Spherical coordinate for OTA conformance testing of EUT
In the NR coexistence study, it was assumed that antenna configuration for wide areaWA NR BS is 8x16 supportingwith two orthorgonal polarizations. If EUT mounted along y/z plane with antenna configuration 16x8 where 16 columncolumns are assumed along the y-axis and 8 rows are assumed along the z-axis. Antenna elements are uniformly distributed with separation distance λ/2, therefore aperture size Dy≈8λ and Dz≈4λDy≈8λ and Dz≈4λ. The uniform sampling in the spherical coordinate for this approach is demonstrated in the Figure 10.8.2.2-4.
[image: Figure_5.tif]
Figure 10.8.2.2-4: Uniform sampling in the spherical coordinate, red crosses denotes the sampling points. 
For a wanted signal, the reference angular steps are approximately equal to the beamwidth (in degrees) of the main beam.   

	

	


where BeWφ and BeWθ are the beamwidth of the wanted signal in the φ-axis and θ-axis, respectively; and  and are the first null beamwidth of the wanted signal in the φ-axis and θ-axis, respectively.
Using beamwidth of the wanted signal, the reference angular steps for each frequency within the downlink operating band including ΔfOBUE can be expressed as follows:

	

	
where λo is the wavelength of the wanted signal, and BeWφ and BeWθ are the beamwidth in the φ-axis and θ-axis, respectively.
For the OTA BS radiated transmit power requirement, beamwidths at five different directions is declared by manufacturers. For more details, see subclause 7.2 in 3GPP TR 37.842. The declared beamwidth may be used to set BeWφ and BeWθ in the above equations provided the same beam is applied to test in-band TRP requirements. If the beamwidth of a test beam is not declared, then the beamwidth can be obtained through measurements following the same procedure as the BS radiated transmit power requirement prior to TRP measurements. 
In addition, the beamwidth of the wanted signal can be used to determine the physical dimensions of a radiation source as follows:

	

	
and for the ULA case: 

	

	
[bookmark: _Toc535436411]10.8.2.3	Spherical equal area grids
With the spherical equal area sampling grid, the spherical surface is partitioned into  equal area regions. Let n be the index for the nth region and there is one point () located in the centre of each region. The definite integral for TRPReference can be approximated as: 
	
The total number angular sampling points is . Unlike the spherical equal angle grid, the TRPEstimate equation is not weighted by . As shown in Figure 10.8.2.3-1, the equal area grid points are distributed uniformly on the sphere but the pattern of  and  angles is irregular. 
One possible way to estimate  is as follows:. 

	 
where  and  are defined in 10.8.2.1. Other methods are possible and not precluded. 
[image: ]
Figure 10.8.2.3-1: Spherical equal area sampling grid
[bookmark: _Toc535436412]10.8.2.4	Spherical Fibonacci grids
The Fibonacci grid points are arranged along a generative spiral on the spherical surface. Similar to the equal area sampling grid, the Fibonacci grid generates points that are uniformly spaced in an isotropic way. Assume there are  points in the Fibonacci sampling grid, then the definite integral for TRPReference can be approximated as:
	  
where i = 0 .. 
  and
	,	where	
The total number of angular sampling points is I, which can be estimated in a similar manner as in subclause10.8.2.3.Like the spherical equal area grid, the TRPEstimate equation is not weighted by .
[image: ]
Figure 10.8.2.4-1: Spherical Fibonacci sampling grid
[bookmark: _Toc535436413]10.8.2.5	Orthogonal cuts grids
Compared to the TX spurious emissions the OBUE emissions and ACLR are likely to experience the similar beamforming pattern as for the wanted signal. Due to this reason, it is easily predictable where the maximum of the emissions is going to be, hence the possibility to enhance the measurement method to achieve better accuracy. Here we choose to apply the pattern multiplication method [31ref].
In this method, at least two cuts (default) shall be used, an optional third cut can be added if needed. The alignment of the cuts must be along the symmetry planes of the antenna array. Note that theta reference steps apply to the vertical cuts and phi reference steps to the horizontal cuts.
The first mandatory cut is a horizontal cut passing through the peak direction of the main beam.
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.
The third optional cut is a vertical cut orthogonal to the first and the second cut.
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. 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.
[image: ][image: ]
Figure 10.8.2.5-1: Example of orthogonal cuts geometry when the main lobe points along the x-axis. Two mandatory cuts grid (left) and the optional added third cut (right). The first two cuts are generated by rotating the EUT around its z-axis and y-axis, respectively, and the optional third cut is generated by rotating the EUT around its x-axis.
Two cuts cut data gives a conservative TRP estimate (an overestimation of the real TRP). Through pattern multiplication a less conservative estimate is obtained, based on the calculation of the antenna array factor as a product of two terms, corresponding to the two cuts. 
The following conditions for being able to apply pattern multiplication method are mandatory:
i.	The vertical cut (and the main beam) is in the  -plane
ii.	The frequency of the emission is within the downlink operating band. 
iii.	The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
iv.	The emission appears/disappears when the Tx power is turned on/off.
v.	The antenna arrays of the EUT
1.	Have rectangular grids of antenna element positions
2.	Have symmetry planes that are vertical and horizontal.
3.	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 hemisphere. 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 Figure. 10.8.2.2.-1 the u and v coordinates are defined as:
	
Note that only the data on the coordinate axes are measured, and hence only the data for  (the horizontal cut) and  for  (the vertical cut) are known. Moreover, only the points in the circular disc  , a.k.a. the visible region, contribute to the TRP. 
The pattern multiplication is used to calculate power density values outside the two cardinal cuts as:
	
In Figure 10.8.2.5-2, theas illustrated below for the case where  is illustrated.
[image: ]
Figure 10.8.2.5-2: Example of pattern multiplication
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 changing the coordinate system to polar as in [31IEEE paper].
[bookmark: _Toc535436414]10.8.2.6	Wave vector space sampling grid 
Similar as Rayleigh sampling approach, EUT is placed on the yz plane in the spherical coordinate and normal vector of EUT is pointing along the x-axis as shown in Figure 10.8.2.2-1. The angle φ and θ represent azimuth and elevation respectively, u and v  represent the projection of normalized wave vector on y-axis and z-axis.
According to the relationship between the normalized wave vector and spherical coordinate, the wave vector can be  represented as following: 
	
In the existing TR 37.843, TRP is defined in the spherical coordinate as following: 
	[image: ]
As TRP is defined in the wave vector coordinate, therefore TRP definition should be revised accordingly in the corresponding coordinate. For the TRP definition in normalized wave vector space, according to the 2D Jacobian transformation, the above equation  could be adjusted as following, namely:
	
Based on the above two equations, then we could get 
	
where relationship between (θ,φ) and (u,v )is demonstrated in the equation before. Similar as discrete sampling process in TR37.843,  the above equation is approximated in the far-field region as the sum of the total EIRP at a number of discrete directions as follows:
	
The above considerations could be applied for both polarization. 
Uniform sampling on the yz plane in the wave vector coordinate as shown in Figure 10.8.6-1:  
-	Rayleigh resolution in y-axis:    
-	Rayleigh resolution in z-axis:     
Where Dy [image: ]is length of radiating  parts of EUT along  y-axis, Dz [image: ] is length of radiating parts of EUT along the z-axis. 
Based on the uniform sampling grid on the yz plane, we could get the sampling point (, ). In addition, according to the transformation between (, ) and (φ,θ ), then azimuth and elevation (φm,n, θn) in the spherical coordinate could be derived correspondingly. Based on the (φm,n, θn) in the spherical coordinate, EIRP on the spherical coordinate could be measured. 
[bookmark: _Toc535436415]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 spurious emissions OTA 5.6.6.1.3
(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

	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 excluded but the methodology has not been described in subclause 10.8, 3GPP TR 37.843; if a suitable analysis is shown the method may be applied.



[bookmark: _Toc535436416]10.8.3.1	Procedures for  base station output power
[bookmark: _Toc535436417]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: _Toc535436418]10.8.3.1.2	Two cuts with pattern multiplication
Use this method when the antenna symmetries are compatible with pattern multiplication, see Sec subclause 10.8.2.5. Following steps are performed during the measurement.
1.	Calculate the reference angular steps as described in Sec.subclause 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.subclause 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.subclause 10.8.5.
[bookmark: _Toc535436419]10.8.3.1.3	Full sphere 
Following steps are performed during the measurement:
1.	Calculate the reference angular steps as described in Sec.subclause 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.subclause 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.Note:	Spherical grids of subclause 10.8.2.2, 10.8.2.3, 10.8.2.4 and 10.8.2.6 can also be used with proper angular steps.
4.	Apply suitable numerical integration to calculate the TRP estimate.
[bookmark: _Toc535436420][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.
[bookmark: _Toc535436421]10.8.3.2	Procedures for SEM and OBUE
[bookmark: _Toc535436422]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: _Toc535436423]10.8.3.2.2	Two cuts with pattern multiplication
Use the same procedure as in subclause  10.8.3.1.2. 
[bookmark: _Toc535436424]10.8.3.2.3	Two or Three cuts
Use this method when the cuts described in subclause 10.8.2.5  can be identified, but the pattern multiplication is not applicable according to the requirements in subclause 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 Figureig. 10.8.2.5-1.
3.	Calculate the average EIRP in each cut and then the TRP estimate according to subclause 10.8.2.5.
4.	If the TRP estimate is above the requirement limit, perform the measurement on a third cut (See Figure. 10.8.2.5-1) and repeat step 3.
[bookmark: _Toc535436425]10.8.3.2.4	Full sphere 
Use the same procedure as in subclause 10.8.3.1.3.
[bookmark: _Toc535436426]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 subclause 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 subclause 10.8.3.4.1, 10.8.3.4.2 and- 10.8.3.4.3.
[bookmark: _Toc535436427]10.8.3.3	Procedures for ACLR
[bookmark: _Toc535436428]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: _Toc535436429]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 from subclause 10.8.3.1.
2.	For the TRP of the emission TRPe use a method from sublclause 10.8.3.2.
3.	Evaluate the ratio  .
[bookmark: _Toc535436430]10.8.3.4	Procedures for transmitter spurious emissions and EMC emissions
[bookmark: _Toc535436431]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 orderorder, 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.subclause 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: _Toc535436432]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: _Toc535436433]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: _Toc535436434]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 , where  is in linear units.
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: _Toc535436435]10.8.3.4.4	Two or three cuts with dense sampling
Following sequence can be used
1.	Follow steps described in subclase 10.8.3.2.3 and calculate the TRP estimate. Note that no alignment is needed for spurious emissions.
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 Figure. 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: _Toc535436436]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.subclause 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.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: _Toc535436437]10.8.3.4.6	Full sphere 
Use the same procedure as in subclause 10.8.3.1.3.
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