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1. Background
In this follow-up to [1] we discuss the verification of UE unwanted emissions specified as TRP. The measurement method discussed in [1] allowing a compact anaechoic chamber for a small DUT at high frequencies is reiterated along with a discussion on appropriate sampling grids in the spatial and frequency domains.
Generally, peak EIRP is not a good indication of unwanted emission of a base station in field. Results from simulations shows that for in-band unwanted emission, Total Radiated Power (TRP) is the relevant parameter for radiated unwanted emission requirement. Currently in 3GPP, TRP is used for radiated power of the wanted signal for UEs. Moreover, regulatory limits applicable in some ITU-R regions (e.g. the FCC rules) are specified as TRP or total conductive power at the antenna ports. In practice, for mmW frequencies, this leaves TRP the only option available.
2. Practical measurement of TRP
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. 
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Figure 2-1: Test object 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 exact location of the origin in not important as long as the power going through the sphere is measured. 
If the radiation intensity is a continuous function of spatial angles, then 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 total radiated power as function of frequency can be expressed as a double integral over ,  angles and U substituted too 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. 

Currently for GSM, UTRA and E-UTRA the radiated power of the wanted signal is specified and tested using TRP as figure of merit. The RF core requirements for UE OTA characteristics can be found in TS 37.144. The requirement does not say anything about who the requirement is tested. The description of how TRP is measured is captured in 34.114.  Traditionally, two main candidates for testing TRP on UEs exists; Anechoic chamber (AC) and Reverberation chamber (RC).
For UEs it is reasonable to believe that the spurious domain reaches up to 140 GHz (maybe even higher), which means that aspects related to transmission losses in the chamber must be studied carefully. 
From a straight definition point of view is EIRP a parameter defined in the far-field region, which will set some requirement on the distance where EIRP is measured with known uncertainty. However, there are means to measure TRP based on EIRP samples in the near-field region (outside the reactive near-field region) by using the concept of probe compensation. The probe compensation takes care of the measurement antenna impact with respect to the fact that the wave is not plane. Observe that for TRP, total radiated power through the whole sphere area does not depend on the distance between the test object and the measurement antenna. This means that for TRP, the distance between the test object and measurement antenna can be considerably less than the far-field criteria for a specific frequency and test object size states. 
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Figure 2-2: Distance to test object
Using the concept of probe compensation TRP can be measured closer to the test object in the region:
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where  is the wave length in meters and D is the maximum linear dimension of the antenna aperture in meters.

In Figure 2-3, the limit between reactive near-field and radiative near-field is plotted in red and the limit between radiative near-field and far-field is plotted in blue for 28 GHz.
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Figure 2-3: Distance to test object
3. Spatial sampling grid

3.1
Full-sphere uniform sampling grid

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  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 number 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. 

For in-band unwanted emission it is reasonable to use a uniform sampling, while for out-of-band emission other types of sample grids may be more interesting from a test time perspective. As mentioned in an earlier contribution [2], TRP can be approximated by sampling over cardinal cuts. 
2.2
Orthogonal axis sampling grid
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. 
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:
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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.

4. Frequency grid

Spurious emissions for fundamental emissions in the applicable mmW range 24-86 MHz should be measured between 30 MHz up to and including the 2nd harmonic response of the fundamental according to ITU-R SM 329-12. This also recommends a reference bandwidth for spurious emissions limits below 1 GHz is 100 kHz and 1 MHz above. TRP measurements with this frequency resolution are clearly not feasible from a test-time perspective. The same would apply to EIRP measurements: the direction of the strongest spurious emissions peak is not nececessarily in the main beam of the fundamental necessitaing a search in spatial domain of the same order of complexity as a TRP measurement. Hence the grid must be reduced in frequency compared to that implied by the reference bandwidth.
A compromise between the grids in frequnecy and space must be made. The difficulty is that the frequency and spatial sampling grids may be dependent. For harmonics, for example, one set of spatial grid may be used, while for other type of emissions such as those originating LO another type of frequency-spatial grid is the optimal. The type of spatial grid to be used depends on whether or not the signal is supposed to be beamformed. 
The TRP should be measured with good frequency resoution around the harmonics of the fundamental emission. However, the harmonics are not necessarily the worst-case emissions so measurements need be made for other frequencies in between, some of which are implementation dependent. These frequencies are not known a priori since not declared by the manufacturer.
Receiver spurious emissions may be more challening to verify since the allowed limits are significanly lower than those applicable to the transmitter.
5. Conclusion
In this contribution we show that TRP can be measured in an anechoic chamber for which the distance is considerably shorter than the traditional far-field distance. Different sampling grids are required depedning on the type of requirements, such as in-band and out-of-band emission requirements. 
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