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ANNEX G:
TRP assessment by means of measurements at close distance to EUT
At high frequencies the far-field distance of an emission pattern can be tens or hundreds of meters. As an example, consider a base station antenna of diameter 60 cm and the corresponding emissions at 60 GHz, i.e., a wavelength of approximately 5mm. The resulting far-field distance is then too large to be practical:
[image: ] 			(1)
This annex contains guidelines for the assessment of TRP based on integration of power density flux on a sphere surrounding the Equipment Under Test (EUT). The rationale for using a small test distance (compared to the far-field of EUT) is that any amount of power that radiates from the EUT also will radiate through any sphere enclosing the EUT, i.e., energy conservation.
[bookmark: _Hlk510803877]The relevant physical quantity to be measured is the power flux density perpendicular to the surface. Any power flow along the surface will not contribute to the net power flux through the surface. In the far-field region the tangential power flux is negligible and therefore the angular power density pattern cannot change with radius, whereas in the near-field the angular power pattern will change with radius due to the tangential power flux. A schematic picture of this is shown in Figure 1. The radial power flux through the orange surfaces is the radial power flux density Sr times the area of the orange surface. At r2 and r3 there are far-field conditions (no tangential power flux) and the power through the orange surfaces at r2 and r3 are the same. The decrease in power flux density is perfectly balanced by the increase in area. At r1 there are near-field conditions and the non-zero tangential power flux St implies that the power “leaks” between adjacent tubes implying that the angular power pattern changes with radius in the near-field region. However, due to energy conservation the integrated radial power flux over all angles (all tubes) covering a full sphere and at any fixed radius will give the same result, namely the TRP. 


[image: ]
Figure 1: The radial power flux density along a radial tube. 

In the followings we present some findings on measurement of radial power density flux Sr on a spherical surface in order to assess Total Radiated Power (TRP). More details are found in [31]. One of the main conclusions of [31] is that power flux density based on measurement of tangential electric field components can be used for correct TRP assessment. 
[bookmark: _Hlk510804417]NOTE: Near-field to far-field transformation is not used here. The measured data is directly used in the integration for TRP assessment. Furthermore, it is noted that the far-field distance of the EUT is not a relevant parameter when determining at which test distances an accurate radial power density flux can be measured. 

For time-harmonic field the radial power flux density is
[image: ] 	[W/m2]				(2)
This quantity gives the power per unit area that flows out through a spherical surface of a given radius, which in this case is the test distance. The total radiated power is the sum of all these contributions, i.e.
[image: ] 			(3)
Note that the relation [image: ] can be used to identify the relation between EIRP and TRP. By splitting the fields in tangential and radial parts as 
[image: ] 			(4)
it is found that
[image: ] 			(5)
In the far-field limit the radial power density flux simplifies to
[image: ] 			(6)
Here  [image: ] is the free space impedance. From investigations, based on full sphere measurements and spherical wave expansions (SWEs) it has been found that (6) is a good approximation provided that the test distance is larger than the radius of the smallest sphere enclosing the EUT by a few wavelengths (around two wavelegths is already enough) [31]. Hence, if this condition is met the tangential E-field will give the necessary data to calculate the TRP, provided it is accurately measured.
In conclusion, TRP can be measured by measuring radial power flux density at any radius and then integration over the measurement surface to obtain the total radiated power. Following conditions needs to be met: 
1. The test distance shall be at least the far-field distance of the measurement antenna.
2. The measurement antenna shall be small enough to sample an approximately constant field.
3. The spherical measurement grid and the smallest sphere that encloses the EUT must be separated by at least two wavelengths.
The first criterion has the effect of minimizing errors related to radial field components and is quantified as
 			(9)
where r0 is the distance between the measurement antenna (MA) and any point on the EUT surface and DMA is the aperture of the measurement antenna, see Figure 2.
The second criterion implies that the main beam of the measurement antenna illuminates the EUT uniformly [31] and is quantified as
 			(10)
whre Rsph is the radius of the smallest sphere enclosing the EUT. This criterion must be satisfied for any antenna measurement at a finite distance. Furthermore, eq (10) sets a minimum test distance for a given measurement antenna size w . At this test distance the maximum SNR of the measurement setup is reached, see [31].
The third criterion should have very small consequences at millimetre wave frequencies. This can be written as

 
[image: ]
Figure 2 The measurement distance and the dimensions of EUT and MA.

As an example, consider the patterns in Figure 3, which are sampled at (a) 0.75 m, (b) 2.5 m and (c) 30 m from the same EUT. The far-field distance of the EUT is 30 m. We notice that the angular patterns vary with distance, but the full-sphere integration for TRP deviates less than 0.065 dB. The lower power density levels in the lower figure are balanced by the larger total area of the measurement sphere.
[image: ]
Figure 3: Angular power density patterns in the near-field of a base station antenna [31]. 

image1.png
2D? /) = 2-600%/5mm = 144m




image2.emf

image3.png
S, =7 - (RelE x H*)




image4.png
TRP = / / S,dA = / / S,.d?| sin 0]d4de
Ve s




image5.png
EIRP = S,.47rd?




image6.png




image7.png
S, =7 (RelE, x H])




image8.png
S, = |E,12/Z,




image9.png
Zo ~ 377¢)




image10.png




image11.emf

