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1. Introduction

At last RAN4 meeting in Nanjing (RAN4#79) some details on how to measure radiated unwanted emission was presented [1] and discussed. It have been suggested to specify radiated unwanted emission based on total radiated power (TRP), since the spatial characteristics is not relevant from cellular coexistence perspective [2]. 
Measuring TRP directly can be done in a reverberation chamber based methodology, but it can also be measured indirectly in an anechoic chamber based methodology. By integrating the EIRP for all angles the TRP can be calculated from measurement data collected in an anechoic chamber based test range. 
This contribution presents some ideas on how to handle TRP measurements in an anechoic chamber.  
2. Discussion

Radiated unwanted emission characteristics are a vital part of AAS requirements to be developed in eAAS in Release 14. As a base station become more complex including active antenna arrays facilitating adaptive beamforming, radiated performance can often become complex. For example, characterising radiated emission for a system with many active transmitters over multiple frequency bands is a difficult task. A comprehensive and accurate characterization of radiated unwanted emissions enable operators and base station manufacturers to determine how well AAS base stations will work within the constraints of a specific cellular network design.

Generally, peak EIRP is not a good indication of unwanted emission of a base station in field. A simulation [2] shows that for in-band unwanted emission, Total Radiated Power (TRP) is a better parameter for radiated unwanted emission requirement. Currently in 3GPP, TRP is used for radiated power of wanted signal transmit signal for UE [3]. 
TRP is a measure of how much power is radiated by radiating device. TRP is a parameter associated to an active measurement, meaning that TRP is associated to a system consisting of antenna and transmitter. The total power is calculated as the power sum over all possible angles (, ). To describe the spatial angles a Cartesian coordinate system according to Figure 2-1 is introduced. The  angle is defined within the interval 0<< and  angle is defined within the interval <<2. The direction (, )=(/2, 0) is the direction along the x-axis. Note that the angles are not defined as described in draft version of TS 37.145-2, sub-clause 4.14. 
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Figure 2-1: DUT located in spherical coordinate system

The origin is supposed to be located in the geometrical centre of the base station, since the phase centre related to radiated unwanted emission is unknown. 

The TRP of a given radiating system is defined as:
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Where U(, ) is the radiation intensity at each angle in Watts/steradian. 
TRP is defined the sum of all power radiated by a system, regardless of direction or polarization. If the radiating system were enclosed in a perfectly absorbing sphere, the TRP would be the power that would be absorbed by that sphere. 

The integral can be expanded to ,  angles and U substituted to total EIRP as:
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where EIRPp1 and EIRPp2 is associated to two orthogonal polarizations of the radiated emission. 
This expression assumes knowledge about the continuous EIRP distribution for two orthogonal polarizations over the whole sphere and as function of frequency. 
2.1
Full-sphere uniform sampling grid

Practically, TRP can be approximated from a limited number of sampled total EIRP values around the sphere. Assume that EIRP values are available at uniform angular intervals in along  angle and angle. There are N intervals in  from 0 to  radians, and M intervals in j from 0 to 2 radians. Let n be the index variable used to denote the  measurement points and m be the index variable used to denote the  measurement points. A given angle (aka. sample point) is then specified as (n, m), with (0, 0)=(0, 0) and (N, M)=(, 2). N and M are chosen, depending on the type of test, to yield the correct angular intervals corresponding to an acceptable measurement uncertainty for each specific emission requirement. 

An approximatively numerical expression for calculating TRP from spatial point grid is given below.
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It is important to note that the sample points (n, m) only need to be measured for n=1 through N-1, and for m=0 through M-1. Thus, no data need to be recorded at positions corresponding to =0 and  radians, nor at positions corresponding to =2 radians (=0 measurement data are recorded), because those points are not used. 
Decreasing of sampling density to finite amount of samples affects the measurement uncertainty by two different errors. The first factor is due to inadequate number of samples. If the radiated emission tends to have a directive radiation pattern the sampling grid have to be fine to capture the radiated power accurately, or if the emission can be assumed to have an isotropic pattern the grid can be coarse. The second is a systematic discrimination approximation error due to numerical quantization used to derive the expression above. 

Based on above mentioned numerically expression, total EIRPs is measured for n and m on the surface of the unit sphere at angular intervals of  and . This sampling method or equi-angle method is a conventional method for the TRP estimation. 

Assume an angular resolution of at least 15 degrees then the division numbers are selected as N=12 and M=24 for ==15 degrees, it is required that total EIRP to be measured at 264 sampling points on the surface of the unit sphere. 

To overcome the challenges with many sampling points over the whole sphere, TRP can be approximated by measuring and numerically integrating total EIRP along a few cuts, typically one of  and  is fixed and the other is changed in the pattern cuts so that the number of sampling points can be reduced. 
2.2
Orthogonal axis sampling grid
Total EIRP is sampled along all three orthogonal axes. This approach is based on the fact that TRP is assumed to correspond to the average of EIRPxy, EIRPxz and EIRPyz, which means the average of EIRP in the xy, xz and yz-plane, respectively. Thus, TRP can be estimated as:
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Where l and k are selected as l=(l-1)=(l-1)(/N) and k=(k-1)=(k-1)(2/N). In practice, total EIRPs are measured in only three planes so that the number of sampling points, N=4N+N-6, could be considerably small in comparison with the full-sphere uniform sampling grid.
2.3
Constant area sampling grid
To estimate the surface integral, the surface of the unit sphere can be portioned into equal-area regions. If (k, k) represents a point in the k-th region, TRP can be approximated as:

[image: image10.wmf](

)

å

=

»

N

k

k

k

f

EIRP

N

f

TRP

1

,

,

1

)

(

j

q

,
Where N is the number of the equal-area regions. The challenge with this approach is to find  and  angles corresponding to equal-area regions. Many different algorithms for finding ,  exists but is not captured in this contribution.    

It can be noted that using this type of sampling grid that TRP will be approximately equal to the average of total EIRP.

3. Conclusion

Many different approaches to how to measure TRP in an anechoic chamber exists. This contribution touches on a few approaches to estimate TRP without measuring EIRP samples over the whole sphere at a uniform grid. Other approaches then the one presented in this paper may exist. 

Since TRP is defined as the total radiated power through the unit sphere, it is relevant to evaluate the measurement uncertainty for given TRP measurement approach. The sampling grid properties will affect the final measurement uncertainty. However, for radiated emission where the directivity properties are supposed to be omni-directional, it would be reasonable to reduce the sampling grid to conserve test time and complexity. 
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