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1. Introduction

RAN4 have decided to use Total Radiated Power (TRP) as figure of merit for unwanted emission requirements. In the current specification unwanted emissions consist of in-band emissions (Operating Band Unwanted Emission and Adjacent Channel Leakage Ratio) and out-of-band emissions (Receiver/Transmitter spurious emission). 

For traditional base stations the antenna is removed and all transceiver connectors are terminated, when EMC radiated emission is tested. RF spurious emission is tested at each individual transceiver connector. For integrated AAS base stations, radiated emission from the enclosure and RF spurious emission radiated though the antenna aperture can’t be separated in the same fashion as traditional base stations with access to RF connectors. 
For OTA unwanted emission RAN4 have selected TRP to be the figure of merit [1]. Also FCC have selected TRP for OTA unwanted emission. The FCC TRP level for unwanted emission in the spurious domain is set to -13 dBm/MHz [2].
This contribution presents some relevant information on fundamental aspects vital for measuring TRP emissions. 
2. Discussion

In order to assess the TRP, aka the “Power Radiated by the Antenna” [3] as a function of frequency we need to sum the power density for all directions on a surface enclosing the test object. One possible geometry would be to measure the power density on a sphere enclosing the test object, but a cylinder or a box-shaped surface can also be used. To achieve a controlled measurement environment a Shielded Anechoic Chamber (ShAC) is preferable. 

In the context of TRP related to unwanted emission a range of frequencies up 26 GHz for eAAS and 100 GHz and above for NR is envisioned [4]. One great challenge with above operating band emissions is that the emissions may become very narrow in terms of spatial angles, requiring a large number of measurement points for accurate determination of emission TRP. 
Traditional TRP test methods in an anechoic chamber becomes practically impossible. The use of a standard EMC radiated emission test setup has its limitations due to the measurement procedure (i.e. limited number of measurement points and upper limit around 40 GHz). To obtain a method that could be used at high frequencies the angular sampling needs to be addressed carefully, as well as using a relevant test signal. The latter may in fact turn out to reduce the number of angular sampling points.  

In order to avoid full sphere measurements, a method where the power density (or EIRP if in the far-field) in two cardinal cuts is proposed. The cardinal cuts can be determined by looking at the power density pattern (near-field or far-field) for in-band operation wanted signal (aka the carrier signal). The possibility to measure TRP in near-field or far-field will resolve the issue with a fixed test distance.

For AAS base stations there are two distinct planes comprising the highest side-lobes, commonly denoted cardinal planes. If this is not the case a horizontal and vertical cut can be chosen. If the emissions are uncorrelated the choice of cardinal cuts is probably irrelevant. The rationale behind this selection is that, according to simulation results, TRP is overestimated by only including the in-cut data. Hence, this can be used to assess a threshold value of the actual TRP.

An alternative is to measure the TRP in a reverberation chamber (RC). However, there are a number of challenges related to high power and passive intermodulation, as well as propagation loss at high frequencies. The lower frequency limit and upper frequency limit for RC needs further considerations.  
2.1 Measurement distance
To understand the background theory related to how to select a proper measurement distance an expression for power density in the far-field region is required. From antenna theory the power density in the far-field associated to antenna can be expressed as:
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, hence the radiated power per unit solid angle, i.e., the radiation intensity is expressed as:
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The realized gain [image: image4.png]
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, and the directivity [image: image8.png]


 as defined in IEEE-145 [3] are associated with the power on a matched transmission line ([image: image10.png]


), the power accepted by the antenna ([image: image12.png]


), and the radiated power ([image: image14.png]


). By definition the following equalities hold:
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By definition the directivity is the power radiated in a given direction divided by the average power radiated in all directions. Hence, the following must be true:
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Here, the integration is over the entire unit sphere (solid angle [image: image18.png]
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 is the infinitesimal solid angle used in the integration. This implies that 
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Hence
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If the power density is measured on a sphere with radius [image: image24.png]


 in the near-field:
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Here, by “av” an angular average is denoted, and [image: image27.png]S = 4mrf



 is the area of the measurement sphere.

Observation:
The given expressions conclude that TRP can be measured either in the far-field region as EIRPav or in the near-field as Sav.
2.2 Measurement grid

In previous discussions the sampling grid used for testing unwanted emission have been handled. To characterise the emission for a certain frequency, spatial measurement point with a certain resolution are required. The spatial sampling resolution for a spherical grid the size of the test object and frequency of interest needs considerations. 
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Figure 2-1: Spherical coordinates and illustration of the spherical and cylindrical diameter
For a certain test object, as depicted in Figure 2-1 the sampling criteria for a dense full sphere measurement is fulfilled by the following criteria [5]:
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Equation 2-1
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 is the diameter of the test object and is the diameter of the smallest z-directed cylinder that circumscribes the test object. The depth (d), width (w) and height (h) of the test object are the dimensions along the x, y and z-axis respectively. The angular step given by Equation 2-1 are denoted the Angular Nyquist Criterions (ANQC).
The margin N is commonly selected as N=10, and is appropriate for most antennas and in-band operation. However, for spurious emissions at very low frequencies and very high frequencies this needs to be further investigated. For [image: image39.png]kD <« 1



a total of six points, separated 90 degrees, should be enough. On the other hand, at such frequencies the reactive nearfield region may be too large to apply the proposed method.
The reactive near-field of a dipole antenna is about . Hence, the shortest possible test distance would be around 2, using a dipole to measure a short dipole. This will set a lower limit on supported frequency. 
Based on the outcome of Equation 2-1 the resolution for a dense full sphere grid is determined. The measurement time is proportional to the number of angles needed. For a full sphere measurement, the total number of points is [image: image41.png]2N Ng



 whereas for two cuts the number of points is [image: image43.png]2N4 + 2Ng
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The required test time is estimated by assuming one second per measurement point. In the two cut method the peak finding is excluded in the measurement time.

Table 2-1: Typical measurement times for a device of dimension 1cm x 8cm x 12cm using ANQC.
	Frequency
	Two cuts
	Full sphere

	300 MHz
	47 secs
	4.7 mins

	3 GHz
	1.88 mins
	26.47 mins

	30 GHz
	12.79 mins
	20.44 hours

	90 GHz
	37.03 mins
	1.02 weeks


Table 2-2: Typical measurement times for a device of dimension 20cm x 20cm x 50cm using ANQC.
	Frequency
	Two cuts
	Full sphere

	300 MHz
	1.15 mins
	9.89 mins

	3 GHz
	5.48 mins
	3.76 hours

	30 GHz
	48.83 mins
	1.77 weeks

	90 GHz
	2.42 hours
	15.67 weeks


Observation:
Using a fixed dense spherical sampling grid over the whole frequency range is not practical.

3. Conclusion

This contribution presents some fundamental aspects related to testing of OTA unwanted emission requirement based on TRP as figure of merit. There are two fundamental aspects discussed in several contributions; measurement distance and spatial sampling grid.
Observation 1:
The given expressions conclude that TRP can be measured either in the far-field region as EIRPav or in the near-field as Sav.
Observation 2:

Using a fixed dense spherical sampling grid over the whole frequency range is not practical.

The conclusion is than a test method that supports variable test distances (within the range of radiative near-field and far-field region) and variable sampling grid is required to test OTA unwanted emission (and more specific OTA spurious emission). A new test approach is in detail described in a companion contribution [6].
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