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1. Introduction

At the last RAN4 meeting (RAN4 86) a methodology for assessment of Total Radiated Power (TRP) was presented [1,2], The essence of the method is to allow for faster measurements by reducing the number of sampling points at the cost of a systematic correction in the end result. The fewer number of sampling points, the larger the systematic correction. Here, the algorithm used to calculate the systematic correction is presented. In the next paragraph the method of [1,2] is briefly explained.
The TRP can be obtained from full sphere integration of power flux density, or Equivalent Isotropic Radiated Power (EIRP) if the measurement samples are taken in the far-field region of the Equipment Under Test (EUT). In order to get an accurate value of the TRP, a large set of angular points may be required, especially for spurious emissions at higher frequencies. This leads to measurement times of several weeks, in the worst cases. In addition, measurement chambers with only one-dimensional turn tables are commonly in use for EMC testing, which makes it hard to perform full-sphere scans. Therefore, there is a need to have a method that allows for sparse spherical scanning or a set of one-dimensional scans. A cornerstone of the methodology is based on the observation that spurious emissions are likely to be uncorrelated in which case the requirement on the number of measurement points can be relaxed. In short the following methodology is proposed:

1. Determine reference angular steps in theta and phi corresponding to full-sphere error-free TRP estimation. These reference steps depend on the frequency via the wave length and the physical dimensions of the EUT,
a. Example: The reference steps are 0.5 degs in theta and 2 degs in phi.

2. Determine grid type: full-sphere, two-cuts or three-cuts

a. Example: Assume we have a large margin to the TRP limit so a two-cut grid is selected.

3. Select angular steps to use in the range between the reference steps and 15 degrees.
a. Example: We decide to use the steps 2 degs in theta and 4 degs in phi.

4. Based on the selected angular step calculate a sparsity factor, the largest ratio of the selected step and the reference step in the two angular directions.
a. Example: We calculate a sparsity of 4 in theta and 2 in phi, which gives a Sparsity Factor (SF) of 4. We realize now that we can use a sparsity of 4 also in phi and change the phi step to 8 degrees.

5. Measure power flux density (or EIRP if far-field) in the selected grid and with the selected steps.

6. Calculate TRP as a numerical integration using the values of step 5. 
a. Example: We perform the proper summation/integration and scaling over the grid points and get TRP_grid = -22 dBm

7. Based on the grid type and the sparsity factor read a systematic correction, denoted ΔTRP, from a table.
a. Example. We read ΔTRP = 2.0 dB for the used SF and a two-cut grid

8. Calculate the TRP as the result from step 6 and add the systematic correction from step 7.
a. Example: TRP = -22 +2 = -20 dBm

9.  If the end result is not satisfactory, and a less sparse grid can be used, i.e., a grid with lower systematic correction. Repeat the steps 2-8. Note that both the result in step 6 and the systematic correction will change.
This contribution describes the  methodology to calculate the systematic correction, denoted ΔTRP. In addition to the TRP systematic correction, the measurement uncertainty of the corresponding power data, power flux density or EIRP, is to be added to the final result.
2. Discussion

When approximating TRP through discrete measurement points either using power flux density or EIRP measurement points a larger number of points over a full sphere are needed for high accuracy.  The level of accuracy needed for TRP estimation should be evaluated on a requirement level basis.  For spurious emissions for example, where the signals are expected to have low correlation the number of sampling points can be reduced. This approach can be used both for pre-scan measurements for identification of critical emissions and final measurements of the found critical emissions.
Recall: for any electrical size the reference angular steps are defined as
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Where [image: image2.png]Repn = D/2
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 are the spherical and cylindrical radii of the EUT, respectively, see Figure 1. 
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Figure 1: Spherical and cylindrical diameter of the EUT.
To quantify the effect of undersampling, a sparsity factor is defined as
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As an example if [image: image6.png]AO..c = 0.5
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 and we select to use [image: image8.png]
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 , then SF = 10. 

For SF=1 it can be shown that the TRP estimated from a full sphere grid using
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results in very small errors, see Fig. 2.
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Figure 2: Relative TRP in dB vs Sparsity Factor (SF) and for three different electrical sizes. Clearly the TRP error converges to zero when SF approaches zero. For high SFs the estimated TRP oscillates and without a priori information on the correct TRP value a large method uncertainty, corresponding to the envelope, is needed. systematic correction
For electrically small antennas the needed angular resolution is 15 degrees in any direction [3]. For the smallest possible antenna, the Hertz dipole, with a sinusoidal EIRP pattern 
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With a angular step of 15 degrees in both angles, i.e., 
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(5)
and M=12 and N=24, the calculated TRP value will have less than 0.0003 dB error compared to the analytically calculated TRP value found by using the pattern (3). By performing similar integration of EIRP data from arbitrary antennas of diameter less than 4 wavelength we have concluded that full sphere integration of EIRP data on a 15 degree grid, see above, results in a TRP error of less than 0.3 dB. This is inline with the results found in Ref. [3]. Hence, for TRP and spherical numerical integration, Eq. (3), 4λ is natural upper bound for small antennas. Bearing in mind that any antenna can be electrically small at sufficiently low frequencies and electrically large at sufficiently high frequencies.
Whenever there are practial obstacles, such as test time, for performing full sphere measurement it is proposed to allow for measuring two or three orthogonal cuts. This will result in undersampling and a risk of estimating a too low value of TRP. To handle this situation we have used a statistical approach where we consider small antennas (D<4λ) as represented by a Spherical Wave Expansion (SWE), see [4], with mode truncation 
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The corresponding TRP estimates at the 5% percentile is shown in Fig. 3 for for full sphere, two cut and three cut grids.
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Figure 3: TRP error at 5th percentile evaluated using a 15 degree grid and for three different spatial grids, two cuts, three cuts, or full sphere. The corresponding underestimates (at 95% confidence level) are shown using dots at -0.8 dB, -0.6 dB and -0.2 dB, respectively. The negative of these values is the residual error, here called ΔTRP values, for the proposed method for small antennas.

In the case of Spurious Emissions for electrically large sources/antennas the following observations are made:
1. The emissions do not necessarily radiate through the antenna elements. To be on the conservative side, the entire chassis dimensions should be considered when calculating the needed angular resolution.
2. The angular resolution of the emissions is dominated by the geometrical distribution of each elemental contribution rather than the radiation pattern of the elemental sources which typically have a low angular resolution. Hence, we study the array factor of a set of point sources and neglect any element pattern effect.

3. The emission lobes will be narrow and hard to locate for high frequencies. We solve this problem by applying random rotations to the sources of emissions.

4. The emissions are very unlikely to have a high degree of correlation except for harmonic emissions. For harmonic emissions we propose to use a beam sweeping test signal [6]. Otherwise, we simulate the degree of correlation by using emission sources with  correlation in a given interval from 0 to [image: image16.png]pmax
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The method to estimate ΔTRP for large antennas (D>4λ) is based on generating a set of statistical samples of TRP values calculated on a set of randomly generated emission sources of a given electrical size 
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The final TRP values are then calculated by using a given angular grid and Eq. (3). The TRP values are then sorted and the negative value of the 5th percentile of the empirical CDF is used as ΔTRP.

Each statistical sample is generated as follows:

1. Set up a quadratic uniform linear NxN array in the yz-plane. Select N between 2 and 10 and set the point separation to achieve the diameter [image: image18.png]


. Avoid using sperations smaller than a half wave length to improve the statistical spread.
2. Rotate the source points by an Euler zyz-rotation [5]  with angles a, b, and c which are uniformly chosen on the intervals [0,360], [0,90] and [0,360] degrees, respectively. The rotated position of source n is denoted [image: image19.png]&



 
3. Pick a random correlation value ρ from the uniform distribution between 0 and [image: image20.png]pmax



, and generate source weights as
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Where [image: image22.png]Tn,Yn € N(0,1)



 are picked from a normal distribution with zero mean and unit standard deviation.
4. Normalize the weights to TRP=1 by using a dense grid and Eq (1).
5. Generate EIRP values on the desired grid by using an array factor
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6.  Calculate the TRP value as an appropriate mean value of the EIRP values.
The resulting 5th percentile values of the empirical CDFs are deemed to be a practical lower bound on the TRP calculated directly from the points in the actual grid. If the 5th percentile value is positive, there is no need for a systematic correction, that means ΔTRP=0. On the other hand, if the 5th percentile value is negative, a systematic correction is needed to avoid TRP underestimation with 95% confidence. For this purpose, the absolute value of the 5th percentile is used as systematic correction ΔTRP (see Fig. 4). Some simulation results are found in Figs 5 (a) – (c) for two different choices of max correlation and the three grid types: full-sphere, three-cut, and two-cuts. 
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Figure 4: Determination of ΔTRP based on the 5th percentile values.
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Figure 5: ΔTRP values for three different electrical sizes, 10, 15 and 20, respectively. For comparison two maximum correlation values are used. Upper bounds for actual use in TRP assessment, are depicted as dashed lines for the three grid types: Two cuts, Three cuts, and full sphere, respectively.

3. Conclusion

  A statistical approach was discussed here can be used to calculate ΔTRP values enabling use of sparse sampling and two or three cuts to evaluate TRP. A 95% confidence value on TRP is assessed by applying
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Here it is written out that the ΔTRP depends on grid type: full sphere, three cuts, or two cuts, and a selected sparsity factor SF. The final parametrization of ΔTRP should be an upper bound to the result of the statistical approach and the assumed level of correlation is open for discussion.
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Annex A Notation
	Symbol
	Explanation
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	Radius of the the smallest sphere that encloses the EUT
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	Radius of the smallest z-ailgned cylinder that encloses the test object
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	Wave length at the given emission. If a band of emissions are measured simultaneously, the highest frequency shall be used.
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	Reference angular step in theta direction (vertical angle from north pole)
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	Reference angular step in phi direction (azimuthal angle)
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	Selected theta step
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	Selected phi step

	SF
	Sparsity factor, see (2). Quantifies how sparse the selected angular sampling is relative to the reference angular sampling

	D
	Diameter of EUT, [image: image34.png]D = 2Rgpy
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	Position vector of source n of the quadratic array
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	Used correlation of source weights in a specific statistical sample
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	Maximum correlation of source weights

	EIRP
	Equivalent Isotropic Radiated Power

	TRP
	Total Radiated Power

	ΔTRP
	Systematic correction for grid estimate of TRP


3GPP


