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1. Introduction
At the last RAN4 meeting (RAN4#90 in Athens an CR [2] with additional information and corrections to TS 38.141-2, Annex I was presented. The CR suggested to add upper bound for the reference step.
In this contribution we continue to elaborate around the need for an upper bound for the integration step for TRP test methods currently described in TS 37.145-2, TS 38.141-2.

2. Discussion
This contribution discusses the need for an upper bound on the integration step for TRP assessment. For UEs, a 15 degree step is used in the widely adopted standard [1]. Hence, it is realistic to use 15 degrees as an upper limit for TRP testing of BSs. However, the needed angular step depends both on the radiation pattern angular characteristics via the size of the radiation source, but also on the used numerical integration method.
As the dimension of the radiation source decreases (or the frequency decreases) larger angular steps can be used. This is reflected in the expressions for the reference steps. In the upper limit, large wavelength relative to the source dimensions, the radiation pattern will be that of a combination of an arbitrarily rotated magnetic and electric dipole. The complex far-field of a general dipole can be represented by an electric and magnetic complex-valued dipole moment, i.e., six complex numbers. In the scope of TRP the relevant pattern is the EIRP power pattern. 
As an initial example consider the power pattern of a z-directed electric dipole:
[bookmark: _Ref4750956] 	(Equation 1)
Here, the coefficients  for . From this observation it is clear that the number of degrees of freedom is 5, and hence 5 angular samples would be enough to determine the coefficients and hence the EIRP pattern. This corresponds to an angular step of 72 degrees. Note that the lack of azimuthal variation in the EIRP pattern is used. 
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Figure 2-1: Directivity pattern of a z-directed electric dipole (left) and its 2D FFT (right). Note that the patterns are directivity normalized, whereas  the EIRP field of (Equation 1) is normalized to get simple equations only.


For an arbitrarily rotated magnetic and electric dipole the field can be written as:
[bookmark: _Ref4752654]	(Equation 2)
This indicates that a maximum of 25 sampling points is needed. In reality there are further constraints on the coefficients but this is not relevant for the current study. 
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Figure 2-2: Directivity pattern of a random dipole field (left) and its 2D FFT (right). Note that the patterns are directivity normalized. 
In 3GGP RAN4 the integration method for equi-angular sampling is sub-optimal. The use of the scale factor  will result in cancelation of any values taken on the z-axis. This is an example on how the integration error depends on the selected numerical integration method.
To quantify the issue the convergence of the numerical methods used for equiangular grids and Fibonacci grids have been investigated. Angular steps from 1 to 120 degrees, and as even integer fractions of 360 degrees, have been used.
1. A random dipole field is generated by using a Spherical Wave Expansion (SWE). The SWE is normalized to 1W output power.
2. The field is sampled and converted to EIRP values using the three alternatives:
a. Using an equi-angular sampling grid with the same angular step in  and , and converting the E-field data to EIRP data.
b. The EIRP data of the previous step is fitted to Fourier coefficients .
c. The E-field is sampled on a Fibonacci grid of   sampling points. In this formula the angular step is in radian units. The E-field values are then converted to EIRP values.
3. The TRP is calculated as
a.  method: 
b. FFT method: Use the Fourier coefficients, integrate the basis functions   on the full sphere, and sum all contributions.
c. Fibonacci: Calculate the TRP value as the mean value of the Fibonacci samples.
These steps are repeated for 1000 randomly generated dipole fields. The results of the numerical experiment are shown in the below figures. 
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Figure 2-3: Resulting TRP error at different angular steps using the 3GPP angular integration (sin), a Fibonacci grid and integration, and FFT based integration. 
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Figure 2-4: The CDFs at 15 degree sampling step. The integration error is negligible for Fibonacci and FFT integration. For sin(theta) method the 99% error is about 0.3 dB. 
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Figure 2-5: The same CDFs at 72 degree steps.







Based on the analysis in this contribution the following observations have been identified;

Observation 1:
 By using FFT based integration the TRP is zero for angular steps up to and including 72 degrees. For zero summation error this is the upper limit for the reference steps.

Observation 2:
At 15 degrees, the step used for UEs [1], the Summation Error (SE) is about 0.3 dB for the 3GPP integration method for equi-angular sampling.

Observation 3: 
At 15 degrees the SE is negligible for Fibonacci and FFT methods.

Observation 4: 
The agreed SE for FR1 (0.75 dB) and FR2 (1.2 dB) are not compatible with any numerical integration method investigated at 15 degrees sampling.

[bookmark: _GoBack]Observation 5: 
Sparser sampling than 72 degrees leads to large errors. The reason is that the EIRP pattern is under-sampled.


3. Conclusion
The smallest possible angular variations for an EIRP pattern are those for dipole patterns. Such patterns are not constant and therefore a single point of measurement is not possible. It has been shown that 25 angular points are enough if the numerical integration method is optimal (FFT based integration). For the equi-angular integration method used in 3GPP a 15 degree angular grid has a summation error (0.3 dB), and this grid is used for UEs [1]. There is a need to introduce an upper limit for the TRP angular reference steps for any grid type and any way to determine the reference angular step. For example: for Vector Wave Sampling Grid this is missing.  
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