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1.
Introduction
The discussion related to how radiated transmit power as an RF core requirement shall be defined for AAS base stations has been ongoing for a long time. It have been noticed that to conclude the discussion and settle the definition, it is necessary to look into how to measure EIRP. This contribution is influenced from section 7.1 of TR 37.842 [1], defining radiated transmit power requirement for AAS base stations.

This contribution will present an overview of the principle on how EIRP as a part of radiated transmit power can be measured in a commercially available antenna test ranges, such as in-door or out-door Far-Field test range or Compact Antenna Test Range (CATR). In a companion contribution [2] ideas how to test OTA sensitivity is presented.

This contribution is the latest version of a series based on R4-152025 submitted to RAN4#74bis.
2.
Discussion
The radiated transmit power requirement is based on a manufacturer declaration where the declared EIRP level shall fall within a specified accuracy interval. Unlike radiation patterns, EIRP is an absolute power level meaning that the test range must be calibrated properly to minimize uncertainties. The EIRP measurement procedure consists of three main sub-procedures: Test range calibration, Test object configuration, EIRP measurement and Test requirement compliance, described below.

2.1
Calibration
The calibration process will determine transmission properties through the test range including path-loss, probe-antenna and probe antenna feeders. The calibrated path is marked in light blue colour in Figure 2.1-1. A reference antenna with known absolute gain is mounted at the positioner, where the test object is supposed to be mounted. The calibration is performed for each polarization of the probe antenna.
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Figure 2.1-1: Calibration phase

The transmission properties are measured using a commercial of the shelf network analyser. The measurement uncertainty introduced by the network analyser is one uncertainty contribution to be included in the uncertainty estimation framework. The properties of the reference antenna are determined by a characterisation done by the manufacturer of the reference antenna. Typically the reference antenna is a Standard Gain Horn (SGH), where the uncertainty data is determined and printed onto it. Typically the reference antenna uncertainty is one of the major contributions to uncertainty estimation. 
The reference antenna feeder cable is measured separately using a network analyser. Also the reflection in the reference antenna must be measured to compensate for power loss due to mismatch. The transmission properties from port 2 to port 1 and from port 3 to port 1 are stored. By removing the impact of the reference antenna and feeder cable, calibration factors (Cp1,tx, Cp2,tx) for each polarization is calculated. 
This method is referred to as the substitution method. These calibration factors will later be used to associate a measured power level with an EIRP level in absolute sense. The calibration is done for low, mid and high frequency channel in supported DL band.

2.2
Test object configuration

The reference antenna is removed and the test object is mounted on the positioner within the quite zone. The quiet zone of an anechoic chamber describes a defined volume where electromagnetic waves reflected from walls, floor and ceiling are stated to be below a certain level. 

The test object is aligned with respect to the orientation of the probe antenna. The test object is configured to generate a test signal according to defined test model. For E-UTRA, E-TM1.1 described in section 6.1.1 in TS 36.104 [3] is used.

2.3
Measurement

A dual port measurement receiver is connected to the probe antenna feeders. To minimize re-configuration and the test setup a dual-polarized probe antenna together with a dual channel measurement receiver is used in this case. It shall be mentioned that a single polarized probe antenna can be used with a single channel receiver. But then the probe antenna must be re-orientated for each polarization.

For each declared beam the measured signal level at port 1 (Pm,1) and port 2 (Pm,2) at the measurement receiver is measured. This method allows each beam to be measured individually one at the time. The total EIRP is calculated by adding the contributions from both polarizations together, as:
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,where EIRP per polarization is calculated as:
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Observe that the test setup in Figure 2.3-1 is very simplistic and shows just the principle of the EIRP measurement. In practice there could be a need for attenuators and filters in the probe antenna signal chain. The attenuators may be needed to adjust the signal level to fall within the dynamic range of the measurement receiver. The EIRP is measured for a single carrier at low, mid and high channel of each supported operating band.  
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Figure 2.3-1: Measurement phase

The test object is rotated by the positioner according to declared beam-pointing direction and EIRP level is measured. This procedure is repeated for all declared beams and points required by the radiated transmit power requirement.  

2.4
Test requirement
For each declared beam, EIRP levels for a declared beam pointed direction and a declared reference steering direction. 

The EIRP levels measured per polarization EIRPp1 and EIRPp2 is added together power wise as:
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The measured EIRP per low, mid and high channel per operating band is tested against the conformance test criteria for the radiated transmit power conformance requirement which can be formulated as:
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The requirement thresholds are further discussed in a companion contribution [6]. If the tested EIRP falls within the interval the test requirement is passed.
3.
Conclusion

This contribution gives some insights on how to measure EIRP as part of radiated transmitter power RF core requirement for AAS base stations. The meaning is to give useful information to be used in the work of defining a proper RF core requirement. 

The test principle presented in this contribution is based on the assumption that the AAS test object is seen as a “black box”, with no access to RF connectors. For control and monitoring the same interfaces used for conducted output power is assumed. 

The complete test procedure for measuring EIRP in a CATR can be described of following sub-procedures:

1. Antenna test range calibration
2. Test object configuration
3. EIRP measurement
4. Check test requirement compliance

To allow for different types of test methods to be included in the AAS conformance test speciation a test procedure must be described in such a way that unambiguous test can be repeated by different parties. The example given above can be used as a baseline for how an OTA test procedure can look like. Different test methods may have slightly different test procedures. The test procedure is unique for each combination of requirement and test method.
The next step for RAN4 is to define a framework to describe and capture measurement uncertainties for multiple test methods. In [4] we present some initial ideas on how to captures test methods in the TR.

To maintain acceptable measurement uncertainty a calibration procedure is required. For each test method uncertainties related to calibration and measurements is included in the measurement uncertainty relevant for each test method, as described in [5]. 
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