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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
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:
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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.  However, different methodologies for approximating TRP using exclusion of measurement areas, or non uniform sampling grids can be developed to provide a compromise between measurement time and TRP accuracy.
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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.
2.2 Approximated Measurement Areas

There are many  methods to facilitate higher TRP accuracy when a reduction of sampling points are of interest.  Further study may be needed to determine which sparse grid method is best suited for the requirement discussed.  However, for unwanted emissions the following grids have been studied although does not mean to say that they are the only methods for approximating TRP.
This example is using an assumption of a DUT that has an antenna directivity to be fully in the forward direction.  However, sine this is not always the case then perhaps the possibility of declaration may be needed such that if there is no need to measure in areas in which the power is expected to be low, or null, that can be declared.  A sampling grid can then be used to remove points behind the antenna and be replaced with a constant value that could reduce uncenessary measurement time.  This constant value, could be determined by the noise floor of the measurement system equipment.  

An alternative similar method could be to use the knowledge of where the wanted signal has been declared to be and isolate or exclude that spatial area for considerations for unwanted emissions.  Here the discrete sampling grid for estimating TRP could be considered only outside of the coverage area (illustrated below as the red section).  Outside of this zone a uniform or non uniform sampling grid could be considered. 
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Figure 1: Coverage area within measurement sphere

Such methods can be employed when approximating TRP, and by utilizing optimized placement of sample points a minimum accuracy could be met to give good assurance of the total power radiated in the unwanted domain.
This method can be used for estimating TRP for sub 6 GHz or at millimeter wave frequencies.  The d value shown in Figure 1 would differ for millimeter wave, and therefore be smaller since its expected that the beams created for the wanted signal would be narrower in nature.  
3.
Conclusions

Total radiated power can be estimated using a set of descrete points in space.  The number of points needed is determined by the TRP accuracy that is desired to be achieved.  The density of the grid may need to be adjusted to be approperiate for millimeter wave.  The grid density and grid point reduction techniques can be applied to reduce measurement points whilst maintaining high accuracy for estimating TRP.









