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<Start of modified section>
10.8.2
TRP measurement grids

10.8.2.1
Spherical equal angle grid

With the spherical equal angle grid, the grid spacing is uniform in the [image: image2.png]


 and [image: image4.png]


 directions. The range of [image: image6.png]


 angles from 0 to π is divided into [image: image8.png]


 equally spaced subintervals and the range of [image: image10.png]


 angles from 0 to 2π is divided into [image: image12.png]


 equally spaced subintervals. The width of each subinterval in the [image: image14.png]


- and [image: image16.png]


-angle is given as

[image: image18.png]s



  and [image: image20.png]e




The total number of angular sampling points is equal to [image: image22.png](N+1)x M



.

Let [image: image24.png]


 and [image: image26.png]


 be the indices used to denote the [image: image28.png]


th [image: image30.png]


 and [image: image32.png]


th [image: image34.png]


 angles, respectively. In practice, discrete samples of EIRP are measured at each sample point ([image: image36.png]B Do



) by measuring its two orthogonally polarized components, [image: image38.png]EIRP,y (By. ®m)



 and [image: image40.png]EIRP,; (Bn. ®m)



. The EIRP sample are then used to approximate the definite integral for TRPReference as the discrete average sum of EIRP measured at different [image: image42.png]


 and [image: image44.png]


 angles.   

[image: image46.png]ZH S EIRP (6, ¢pm)5inb,




.

The above equation can be simplified considering [image: image48.png]sinf,



 = [image: image50.png]sin By



 = 0. Thus the total number of angular sampling points is equal to (N – 1)M.
Note TRPEstimate = TRPReference as [image: image52.png]


 and [image: image54.png]


 approach [image: image56.png]


. 
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.







 















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. 
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Figure 10.8.2.1-2: Spherical equal angle sampling grid









10.8.2.2
Rayleigh sampling criteria
For the ULA system, the array spatial pattern could be defined as in the following equation. 
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Where spatial frequency [image: image109.wmf]b

 is defined as following: 
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Similar to Nyquist sampling in the time domain signal, the Rayleigh resolution for spatial domain signal to avoid the aliasing can be derived as
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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 angle is calculated as:
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Where [image: image115.wmf]y

D

is length of radiating part of the EUT along  y-axis, [image: image116.wmf]z

D

 is length of radiated part of the EUT along the z-axis and [image: image117.wmf]l

 is wavelength for the measured frequency. 
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Figure 10.8.2.2-1: Spherical coordinate for OTA conformance testing of EUT
In the NR coexistence study, it was assumed that antenna configuration for WA NR BS is 8x16 with two polarization. If EUT 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 10.8.2.2-2.
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Figure 10.8.2.2-2. Uniform sampling in the spherical coordinate, red crosses denotes the sampling points. 
For each frequency, the reference angular steps [image: image121.png]


 and [image: image123.png]


 in radians are calculated as [29]:


[image: image124.png]Ares = min G5 5D





[image: image125.png]N6rer = L ESD




, 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


[image: image126.png]EIRP(8, ¢) = sin B cos*(kcos 8 L/2)




Here, the element factor is [image: image128.png]sin’ @



 and [image: image130.png]cos’(kcosf L/2)



 is the array factor contribution. To calculate the TRP value correctly, an angular sampling of [image: image132.png]


 is required, see Figure 10.8.2.1-1. But a single [image: image134.png]


 is enough since the pattern is [image: image136.png]


-independent (omni-directional).
Any current flowing on a line between the points [image: image138.png](x,y.2z) =(0,0,+L/2)



 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.
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Figure 10.8.2.1-1: The average EIRP when using different angular steps [image: image141.png]A



 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 [image: image143.png]


 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 [image: image145.png]


 resolution, but the [image: image147.png]


 resolution must be set equal to the [image: image149.png]


 resolution.

2)
If the source distribution is stretched along the z-direction, the [image: image151.png]


-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 [image: image153.png]ABps = Appes = A/L



.

2)
If the disc is stretched a distance h along the z-axis (current elements are translated parallel to the z-axis), then the [image: image155.png]Apres = A/L



 is unchanged, whereas the vertical angular resolution increases to [image: image157.png]NIEF R?



 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 


[image: image159.png]


 , [image: image161.png]


.

Here, [image: image163.png]


 is the diameter of the source enclosure, i.e., the diameter of the smallest sphere enclosing all sources, and [image: image165.png]


 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


[image: image166.png]D=\d?+wi+h?





[image: image168.png]Va7 +w?




 

The radiation source can be the antenna array or even the whole EUT, depending on the emissions we consider. This is further explained in 10.8.3 Measurement procedures.

Some basic definitions and relations are given here for readability.
[image: image169.png]



Figure 10.8.2.1-3: the dimensions of a radiation source are depth (d), width (w) and height (h)
10.8.2.3
Spherical equal area grids

With the spherical equal area sampling grid, the spherical surface is partitioned into [image: image171.png]


 equal area regions. Let n be the index for the nth region and there is one point ([image: image173.png]B, By



) located in the centre of each region. The definite integral for TRPReference can be approximated as 


[image: image175.png]~TN_, EIRP (8, ¢y)




  

The total number angular sampling points is [image: image177.png]


. Unlike the spherical equal angle grid, the TRPEstimate equation is not weighted by [image: image179.png]sin 8



. As shown in Figure 10.8.2.3-1, the equal area grid points are distributed uniformly on the sphere but the pattern of [image: image181.png]


 and [image: image183.png]


 angles is irregular. 

One possible way to estimate [image: image185.png]


 is as follows. 


[image: image187.png]26yerdbres



 

where [image: image189.png]


 and [image: image191.png]


 are defined in 10.8.2.1. Other methods are possible and not precluded. 
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Figure 10.8.2.3-1: Spherical equal area sampling grid
<End of modified section>

