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1.	Introduction
Total radiated power is estimated in practice by measuring discrete points over a sphere of the device under test.  One difference between sub 6 GHz and millimeter wave could be the method in which the density of the TRP sampling grid is determined.  This contribution will discuss the differences in how the TRP sampling grid could be adapted for millimeter waves.

2.	Discussion
[bookmark: _GoBack]The first aspect is to separate the wanted carrier and unwanted emissions OTA methodologies for requirement and validation.  The wanted carrier experiences beamforming and thus is confined to a narrow region of space.  It is expected that at millimeter wave this beam will be even narrower than for sub 6 GHz.  Moving further away in frequency from the wanted carrier, it is expected that the amount of correlation between unwanted emissions components and hence the amount of beamforming reduces.  Furthermore, the phase response of possible filters in the stop band is likely to be uncorrelated between transmitters and antenna performance will differ when far from the carrier correspondingly the spurious emissions are likely to be mostly uncorrelated.    
2.1 TRP Accuracy Value
Total radiated power, is defined as the sum of all power radiated by the DUT and can be captured imperially by the equation below:

However, for practical reasons and measurability, the integral equation shown above is often reduced to an expression with the sum of discrete points around the DUT.  By taking a discrete number of points, a sampling grid must be developed to capture an approximated TRP value.  This transformation would incur an accuracy value and what acceptable minimum value for approximation would need to be determined by RAN4.  
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The TRP accuracy also should be considered differently for operating band requirements than for out of band or spurious emissions requirements.  More accuracy would be desired for operating band requirements than for out of band requirements and thereby the minimum TRP accuracy would be more stringent than that of the unwanted emissions domain.  The TRP grid density may be different between sub 6 GHz and millimeter wave.  In addition, the sampling grid would scale depending on the frequency and therefore it is not foreseen that this would be a fixed grid for all requirements and frequencies.
Furthermore the discussion regarding measurements needed for far field or near field has arisen.  However, for the following method proposed, both near field and far field test ranges can be used with specific care taken when using near field conversion to TRP value.  

2.2 A Proposed Test Procedure
The proposed procedure is based on estimating the TRP through the average value of a relevant measured quantity, e.g. EIRP. The TRP will be the same for any closed surface surrounding the DUT (Device Under Test), hence the measurement can be performed in both far-field and near-field. The measured quantity is EIRP in the case of far-field measurement or power density in near-field.  The method allows for measurement on two orthgonal cuts for optimized test times but also allows for full sphere measurement on sparse grid to complement the two cut method.  This ensures an accuarate estimation of TRP.  

A frequency-dependent and iterative angular sampling is proposed to save measurement time while capturing essential data. Depending on the level of the emission, either the peak value, average on two cuts, or the full-sphere average is used. If needed and under certain conditions, a pattern multiplication method can also be used.

A more detailed description of the method can be found in [1].

2.3 Angular sampling criteria
Assessment of the TRP require accurate characterization of the EIRP on a closed surface surrounding the radiating source, e.g. the surface can be a sphere. Characterization of the EIRP on a sphere as a function of angles for a given frequency requires accurate angular sampling. If the size of the radiating object is known the needed angular resolution, when characterizing complex-valued far-field or near-field amplitudes, is well known [4]. EIRP is proportional to the sum of the square far-field amplitudes:

Equation 2.3-1:	 . 
Since the far-field amplitude of any polarization p is periodic in any cut it can be written as a Fourier sum:

Equation 2.3-2:	 
where  is the angle of the cut and N is a truncation limit selected to get an acceptable accuracy. Hence, we need 2N+1 sampling points in  to characterize the far-field component by calculating the Fourier amplitudes  . Hence, the truncation needed for  would be , which in turn implies that 4N+1 sampling points are needed to characterize . Based on the results in [4], N = kr + 10 with r being the radius of the minimum sphere enclosing the radiating source, and using a margin of 10 points we conclude that the needed number of points per each 180-degree interval is:
Equation 1.2.2: 	 
where  is the wave number, is the diameter of the smallest sphere circumscribing the radiating source, and  is the diameter of the smallest cylinder, with symmetry axis along the z-axis, circumscribing the radiating source.
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Figure 1. Spherical coordinates and illustration of the spherical and cylindrical diameter.
These are the sampling criteria for a dense full sphere measurement. Here ,  the diameter of the DUT and  is the diameter of the smallest z-directed cylinder that circumscribes the DUT. The depth (d), width (w) and height (h) of the DUT are the dimensions along the x, y and z-axis respectively. The angular step given by: 𝛥𝜃=180∘/(𝑘𝐷+𝑁) and   𝛥𝜙=180∘/(𝑘𝐷𝑐𝑦𝑙+𝑁) and is denoted the Angular Nyquist Criterions (ANQC).
3.	Conclusions
In this contribution the aspects of capturing TRP for mmWave has been discussed.  A test method, briefly explained, and more information described in [1], was proposed.  The method proposes a balance between test time and accuracy for capturing an approperiate accuracy for the TRP estimate.  
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