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----start of changes----

10.9	TRP measurement grids
10.9.1	General
The TRP or the radiated power is simply the total power radiated by an antenna/EUT. Due to energy conservation, TRP is independent of choice of test distance, apart from measurement errors.
TRPReference is the total power radiated by the antenna of a transmitting device, when non-idealities such as mismatch and losses in the antenna are taken into account. In theory, TRPReference is defined as the integral of the antenna’s far field radiation pattern over a spherical surface, that is
																		
where  is the radiation intensity at each angle in watts per sSteradian. In the far field, the radiation intensity can be defined as   
																										
Thus the definite integral for TRPReference becomes
 
In practice, discrete samples of EIRP are measured at different directions  over the entire sphere, which are used to numerically approximate the surface TRPReference integral.  The obtained value, TRPEstimate , is an approximation of TRPReference and the difference between then is defined as the TRP systematic error.
TRPsyserr = | TRPEstimate – TRPreference |   (in 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 (theta) and φ (phi) polarizations or any pair of orthogonal polarizations.

Although the power measurements can be performed at distances less than 2d2/λ (the traditional far-field criteria) in following subclauses we describe several spherical sampling grids only assuming EIRP measurements. In practice, measurements at shorter distance will be performed only when far-field condition leads to unpracticable large measurement distance (e.g. in the higher part of the spurious emissions domain).
The distribution of sampling points on the spherical surface depends the type of sampling grids applied. In following subclauses, several spherical sampling grids are described.
10.9.2	Spherical TRP measurementequal angle grids
[bookmark: _Toc515552248]10.9.2.1	GeneralEqual 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 pactice, 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 total number of angular sampling points is equal to .
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 systematic error. Subclauses 10.9.3.1 and 10.9.3.2 outline the criteria for determining the minimum number of sampling points to characterize. Other means for set the number of sampling points are not precluded.
For each emission frequency, the reference angular steps    and  in radians are calculated as:


, where D and Dcyl are defined in subclause 10.9.2.1.
According to [x] and [y] using a grid with reference angular step is enough for accurate error-free TRP estimation. The reference angular steps are dependent only on the electrical size of the radiation source (i.e., physical size and the emission frequency) and is not affected by the correlation level. When sampling with the reference angular step, fine details of the radiation pattern are not observed, but the TRP value is not affected.
The equal angle grid points are not uniformly distributed on the sphere but are clustered towards the poles as shown in Figure 10.9.2-1. 
[image: ]
Figure 10.9.2.1-1: Spherical equal angle sampling grid
[bookmark: _Toc515552249]10.9.2.2	Spatial sampling criteria

[image: ]
Figure 10.9.2.2-21: the dimensions of a DUT are depth (d), width (w) and height (h)
The spherical and cylindrical diameters are calculated as

	               

Some basic definitions and relations are given here for readability.
[bookmark: _Toc515552250]10.9.2.23	Rayleigh sampling criteria
For the ULA system, the array spatial pattern could be defined as in the following equation. 

Where spatial frequency  is defined as following: 

Similar to Nyquist sampling in the time domain signal, the Rayleigh resolution for spatial domain signal to avoid the aliasing can be derived as
                                        
                                                
If DUT is mounted along the yz plane as shown in Figure 10.9.x.x-1, based on the above considerations on the Rayleigh resolution for spatial domain signal, then subinterval in the  φ and θ angle is calculated as:


Where is diameter of radiated  parts of antenna along  y-axis,  is diameter of radiated parts of antenna along the z-axis and  is wavelength for the measured frequency. 
[image: Figure 3]
Figure 10.9.2.23-1. Spherical coordinate for OTA conformance testing of DUT
In the NR coexistence study, it was assumed that antenna configuration for WA NR BS is 8x16 with two polarization. If DUT mounted along yz plane with antenna configuration 16x8 where 16 column 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≈4λ. The uniform sampling in the spherical coordinate for this approach is demonstrated in the Figure 10.9.2.3-2.

[image: Figure_5.tif]
Figure 10.9.2.32-2. uniform sampling in the spherical coordinate, Red cross denotes the sampling point. 

10.9.2.33	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 center 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 10.9.3-1, the equal area grid points are distributed uniformly on the sphere but the pattern of  and  angles is irregular.
[image: ]
Figure 10.9.2.3-1: Spherical equal area sampling grid
10.9.2.4	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  = 0 .. 
  and
		,	where 	
The total number of angular sampling points is . Like the spherical equal area grid, the TRPEstimate equation is not weighted by .
[image: ]
Figure 10.9.2.4-1: Spherical Fibonacci sampling grid
10.9.2.5	Orthogonal 2 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 main beam. 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 [ref].
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 throughincluding the peak direction of the main beam.
The second mandatory is a vertical cut passing throughincluding 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. Here, overlining denotes angular average value 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.
	[image: ]
	[image: ]

	Figure 10.9.2.5-1: 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 patter 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:	Comment by Aidin Razavi: The purpose of these conditions is to make sure that pattern multiplication is applied only to modulated emissions close to the carrier frequency which emanate from the array. The idea is to use the antenna symmetries to simplify the measurement. This is common practice for passive antennas.
The wording can be improved.
0. The vertical cut (and the main beam) is taken is in the  -plane
i. The frequency of the emission is within the downlink operating band. BS RF Bandwidth or close to its edges (e.g. emissions will experience similar pattern as the wanted signal)
ii. The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
iii. The emission appears/dissapearschanges significantly when the Tx power is turned on/ or off.	Comment by Lo, Anthony (Nokia - GB/Bristol): Is this a condition for applying pattern multiplication? 
iv. 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 
10.9.2.6	Wave vector space sampling grid 
Similar as Rayleigh sampling approach, DUT is placed on the yz plane in the spherical coordinate and normal vector of EDUT is pointing along the x-axis as shown in Figure 10.9.x.x-1. The angle φ and θ represent azimuth and elevation respectively, Ky and Kz  represent the projection of normalized wave vector on y-axis and z-axis.	Comment by Jonas Friden: The backward hemisphere seems to be missed here.
According to the relationship between the normalized wave vector and spherical coordinate, the wave vector can be  represented as following: 
  	Comment by Xuefei4: Okay to align the notation, however there are no other places mentioning this notation. 	Comment by Jonas Friden: In the description of pattern multiplication, a separate contribution from us, there will be. Is it OK for you to use u for K_x and v for K_y?
	Comment by Jonas Friden: The same coordinates are used in the pattern multiplication technique. The notation should be aligned 	Comment by Lo, Anthony (Nokia - GB/Bristol): It is a good idea to align notation
In the existing TR37.843, TRP is defined in the spherical coordinate as following: 
	
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 
	    		Comment by Jonas Friden: There should be another integral for the backward data
where relationship between (θ,φ) and (Ky,Kz )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 10.9.6-1:  
· Rayleigh resolution in y-axis:                                                                   
· Rayleigh resolution in z-axis:                  
Where is diameter of radiated  parts of antenna along  y-axis,  is diameter of radiated parts of antenna along the z-axis. 
Based on the uniform sampling grid on the yz plane, we could get the sampling point (Kym,Kzn ). in addition, according to the transformation between (Kym,Kzn ) 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. In the Figure 10.9.6-1 and 10.9.6-2, we demonstrate the sampling point in the wave vector space and spherical coordinate, it could be easily found that the sampling grid is not uniform in the spherical coordinate, that’s the reason why the second approach is called Non-uniform sampling. 
                                                   

[image: Figure_62]
Figure10.9.2.6-1. 2D unfolding diagram of  simulated 3D antenna pattern in normalized wave vector space and (b) sampling point in this space where Red cross denote the sampling point 
[image: Figure_3-01]
Figure 10.9.2.6-2.  non-uniform sampling in the spherical coordinate where Red cross denotes the sampling point. 

10.9.3 TRP measurement procedures
Different procedures can be used to evaluate the TRP. These procedures can provide either an accurate assessment or a controlled overestimate of the TRP estimate. The choice of method is based also on the available measurement equipment, and the measurement time. This section describes the methods which are suitable for each type of requirement. 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 10.9.3-1.
Table 10.9.3-1 - 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)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 5.6.6.1.32 

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

	Full sphere using sparse sampling (overestimate)
	
	
	
	X3

	Two cuts + Pattern multiplication4 (accurate)
	X
	X
	X
	

	Two/three cuts (overestimate)
	
	X
	X
	X


1 Two TRP measurements are needed.
2 Pre-scan is needed to identify the frequencies of interest. Pre-scan can also be applied to OBUE and SEM.
3 Not possible at harmonics without beam sweeping test signal.
4 Pattern multiplication is conditional

10.9.3.1 Procedures for  base station output power
10.9.3.1.1 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 steps. If several arrays are used, the dimensions of the largest volume used for coherent beamforming shall be used.
10.9.3.1.2 Two cuts with pattern multiplication
Use this method when the antenna symmetries are compatible with pattern multiplication, see Sec 10.9.2.5. Following steps are performed during the measurement.
1. Calculate the reference angular steps as described in Sec. 10.9.2.1.
2. Align the EUT to allow for proper pattern multiplication. See Sec. 10.9.5.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. 10.9.5 to extrapolate the two cuts data to full-sphere.
4. Apply numerical integration to obtain the TRP value as described in Sec. 10.9.5.
10.9.3.1.3  Full sphere 
Following steps are performed during the measurement:
1. Calculate the reference angular steps as described in Sec. 10.9.2.1. 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. 10.9.2.1 Having the poles of the measurement grid along the direction of the main beam shall be avoided.
Note: Spherical grids of  Sec .10.9.2.2, Sec. 10.9.2.3,Sec. 10.9.2.4 and Sec.10.9.2.6 can also be used with proper angular steps.
4. Apply suitable numerical integration to calculate the TRP value.

10.9.3.2 Procedures for SEM and OBUE
10.9.3.2.1 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. If several arrays are used, the dimensions of the largest volume used for coherent beamforming shall be used.
10.9.3.2.2 Two cuts with pattern multiplication
Refer to 10.9.3.1.2 for the details.
10.9.3.2.3 Two/Three cuts
Use this method when the cuts described in 10.9.2.5  can be identified but the pattern multiplication is not applicable according to the requirements in 10.9.2.5. 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. 10.9.2.5-1.
3. Calculate the average EIRP in each cut and then the TRP estimate according to 10.9.2.5.
4. If the TRP estimate is above the requirement limit, perform the measurement on a third cut (See Fig. 10.9.2.5-1) and repeat step 3.
10.9.3.2.4  Full sphere 
Refer to 10.9.3.1.3 for the details.
10.9.3.3 Procedures for ACLR
10.9.3.3.1 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. If several arrays are used, the dimensions of the largest volume used for coherent beamforming shall be used.
10.9.3.3.2 TRP fraction method
Following steps are performed during the measurement.
1. For the TRP of the desired signal TRPd use a suitable method from10.9.3.1.
2. For the TRP of the emission TRPe use a method from 10.9.3.2.
3. Evaluate the ratio  .
10.9.3.4 Procedures for transmitter spurious emissions and EMC emissions
10.9.3.4.1 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. In addition, some of these methods can be skipped if they are deemed not necessary, for instance, the peak method. 
The radiation source is not limited to the antennas on the EUT and the entire mechanical dimensions of the EUT must be taken into account for calculations of the reference angular steps, see Sec. 10.9.2.1. Note that dense full-sphere sampling 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. 
10.9.3.4.x Pre-scan	Comment by Aidin Razavi: Is this a handheld measurement? In addition, we suggest having an altermative automated pre-scan procedure (FFS). Handheld measurement can be problematic for high power BS.
Pre-scan is a fast measurement method, which is performed over the entire spurious frequency range to identify spurious frequencies with useful emissions. 
1. It is recommended to perform pre-scan at distance closer than the intended measurement distance. 
2. The test antenna is moved around the surface of the EUT.
3. As the surface of the EUT is scanned, keep the test antenna pointed towards the EUT.
4. As the scanning is in progress, vary the test antenna polarization by rotating through at least 0º and 180º to cover all possible polarizations of the emissions. 
5. Record the list of spurious emission frequencies and corresponding power levels as observed on the spectrum analyser. 
6. For spurious frequencies with emission power levels more than [20 dB] below the specified limit in x.x.x.x then the emissions of these spurious frequencies are considered compliant and no further measurements are required.
10.9.3.4.3 Peak method
This method is used when the direction of the peak can be found with confidence. Following steps are used
1. Find the direction of the peak emission EIRP or peak power density according to xx.xx.xx	Comment by Xuefei4: Similar comments, as antenna pattern for spurious emission is quite different from 	Comment by Aidin Razavi: Agreed. Finding the peak can be difficult and time consuming for spurious emission. However, this is not a mandatory step and can be skipped.
2. Use the peak EIRP (or peak  power density times ) as the TRP estimate.

10.9.3.4.4 Sector peak average method

{Placeholder for Nokias contribution on measurement of peaks in a number of sectors. Sector width should somehow relate to the angular reference steps}
FFS

10.9.3.4.4 Two/three cuts with dense sampling
Following steps are used
1. Follow steps described in 10.9.3.2.3 and calculate the TRP estimate.
2. Add the appropriate systematic correction factor according to Sec. xx.xx.xx to ensure overestimation with 95% confidence.
3. Compare the TRP estimate to the limit according to xx.xx.xx
4. If the TRP estimate is above the limit, perform the measurement on an additional third cut (See Fig. 10.9.2.5-1) and repeat steps 1 to 3.

10.9.3.4.5 Full sphere with sparse sampling
Sparse angular sampling with a larger correction factor can be used to save measurement time. This method is similar to 10.9.3.1.3. The only difference is in the used angular steps. Following steps are used
1. Set the angular grid:
a. Non-harmonic frequencies: choose the angular steps smaller than or equal to 15 degrees. Calculate the sparsity factor (SF) as described in Sec. 10.9.2. Read the systematic correction factor from xx.xx.xx.
b. Harmonic frequencies with fixed beam test signal: choose the angular steps smaller than or equal to the reference angular steps. Systematic correction factor is 0 dB.
c. Harmonic frequencies with beam sweeping test signal: set the angular steps to 15 degrees. Systematic correction factor is [0 dB].
2. Measure EIRP (or power density times )  on a spherical grid according to Sec. 10.9.2. Having the poles of the measurement grid along the direction of the main beam shall be avoided.
Note: Spherical grids of Sec. 10.9.3xx and Sec. 10.9.4xx can be used with proper angular sampling density.
3. Apply suitable numerical integration to calculate the TRP value on the grid.
4. Add the appropriate systematic correction factor according to step 1 to ensure overestimation with 95% confidence.
5. Compare the TRP estimate to the limit according to xx.xx.xx. If the TRP estimate is above the limit, choose a smaller angular step and repeat steps 2-5. If the sparsity factor is less than one, no improvement of accuracy is possible.


----end of changes----
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