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Annex M TRP evaluation for unwanted emissions
M.1 General aspects
The measurement method is based on a number of test points around the object, on a sphere, where power density of the electromagnetic field is evaluated. The measured values at these points are then integrated in order to obtain TRP. 
M.2 Definitions
The Standard Spherical Coordinate System for Antenna Measurements (SSCSAM) defined in [1] is used. 
	[image: ]

	Fig. 2-1. The SSCSAM with the device dimensions depth (d), width (w) and height (h).


The spherical and cylindrical diameters are calculated as

	               (1.2)

Some basic definitions and relations are given here for readability. The definitions are similar to the ones in [2]. The far-field distance of an antenna, when  is calculated as:	 
[image: ]				(1.3)
Here  is the wave length and D is the diameter of the radiating part of the antenna. To be on the safe side this means the entire mechanical dimensions, but in some cases, such as horn antennas, only the aperture of the antenna needs to be considered. For example, for in-band emissions the far-field distance is more related to the antenna array dimensions.
The TRP or the radiated power is simply the total power radiated by an antenna. The relevant power density entity for power radiating out of a surface is the component of the Poynting vector (Power flux vector) that is perpendicular to the surface. This entity is denoted power density. In the far field region, the power density is related to the magnitude of the tangential RMS electric field:
 				[image: ]			(1.4)
Simulations based on measured data has shown that this is also a useful approximation for data points on a sphere that is separated only a few wavelengths from the EUT. For a separation of 3 wave lengths an error well below 5% has been found [3]. 
When measuring power density 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.
		[image: ] 	(1.5)
Equivalent Isotropic Radiated Power (EIRP) is defined only in the far field region, and is related to the power density as:
					[image: ] 	(1.6)
Convergence is expected beyond the far-field distance (1.3). Beyond the far-field distance the power density and EIRP are related as
					[image: ]		(1.7)
The relation between Total Radiated Power (TRP) and power density is
					[image: ] 	(1.8)
where r is the test distance, i.e. the radius of the measurement sphere, and the integration is over the full sphere. Any use of intervals to cover a full sphere can be, and is frequently used, as long as the sphere is covered exactly once. Due to energy conservation, TRP is independent of choice of test distance apart from measurement errors. If the measurement setup is calibrated for EIRP data, the expression 
					[image: ]	(1.9),
can be used. Note that this states that TRP is the full sphere average of EIRP. There are many ways to cover a full sphere and to calculate the above integrals that can be found in literature (e.g. any textbook on multi-dimensional analysis).
M.3 Measurement setup

The proposed test method for measuring OTA unwanted emissions assumes usage of traditional test facilities, such as Compact Antenna Test Ranges (CATRs) or indoor Shielded Anechoic Chambers (SACs), see also [3].  In figure 3-1 an example test set up is shown. 

[image: ]
Figure 3-1: Example of test setup.

The test object is mounted on a positioner, see Figure 3-1. The positioner is used to move the test object according to the sampling grid. A measurement antenna is placed in the chamber at a suitable distance. The test distance must be: 1) larger than the far field distance of the measurement antenna, and 2) selected such that the EUT is illuminated by the Half Power Beam Width (HPBW) of the measurement antenna. To maximize the SNR and minimize the influence of reflections in the chamber, the test distance can be adjusted so that the HPBW of the measurement antenna just covers the EUT. The measured quantity is the power density of the electromagnetic field (or EIRP in case the test distance is larger than or equal to the far-field distance of the EUT). Two partial values of power density for two orthogonal linear polarizations shall be recorded and summed at each angular point of the measurement grid and for each frequency. An appropriate band reject filter can be used to protect the measurement receiver from the wanted signal. The Low Noise Amplifier (LNA) can be used to increase the dynamic range for the measurement receiver.

Procedures for TRP measurements require grid selection which comprises of choosing appropriate measurement (i) grid spatial sampling step and (ii) grid type based on various EUT design factors and test chamber equipment. Hereafter we primarily discuss the spherical grid, assuming that the turntable is designed for making full sphere measurements [3]. However, to also account for the case when the turntable can only be rotated in the horizontal plane, while elevation is adjusted manually, we consider the two-cut or three-cut orthogonal grid.

For each emission frequency, the reference angular steps   and  in radians are calculated as in [3]


 Using a grid with reference angular step is enough for accurate error-free TRP estimation based on power flux density measurements [4]. The reference angular step is 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 contribution to the TRP from a spherical grid is calculated by a numerical integration of (1.8) using power density values.  In [5] there is a comparison between two different integration methods, showing the advantages of an FFT-based integration, which guarantees error-free integration when angular steps smaller that reference angular steps are used.
Note 1: Other grid point distributions on the sphere can of course be used with proper discretization (e.g. spiral grid, constant density grid, etc.).
	[image: ]

	Figure X-1: Full sphere grid using fixed steps in  and .
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