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1.
Introduction
At last RAN4 meeting the AAS SI was closed. The outcome is documented in TR 37.840 [1]. Moving forward with the WI work to define RF requirements with corresponding test methods for AAS BS has just started. During the AAS SI, two potential so-called “reference-points” were identified for placing requirements and performing testing. The SI discussion did not reach consensus on where the reference point should be placed for any specific requirement and corresponding test case. The number of RF requirements defined for a non-AAS BS is extensive and will be used as base-line finding requirements for AAS BS. The requirements are listed and divided into groups in [2] with associated prioritization.  This contribution discusses aspects of measuring radiated transmit power needed to verify a radiated transmit power requirement for AAS BS. 
2.
Discussion
For non-AAS BS the output power is measured conducted at the transceiver connector per baseband port, RAT and carrier. A conducted test will not capture the antenna characteristics affecting radiated output power of an AAS BS. It has been proposed to change the requirement point for output power by moving the requirement boundary to include the antenna by defining a radiated output power requirement. This means that the requirement is fixed outside the AAS BS instead of between the transceiver array and the antenna array capturing the complete AAS performance. This means that the requirement is defined as a radiated requirement in the Far-Field region. Observe that for Wide Area BS the transmit power is declared by the vendor and the requirement is defined just to capture that the transmit power is within a specified range.
It is feasibly to measure EIRP with different types of test ranges, this contribution will not promote any specific test range type just focus on the methodology for measuring radiated output power and not how measurement accuracy and far-field region is achieved in the test range.
For EIRP measurement it is suitable to setup the test range for absolute-measurements where the free-space path loss is characterized using standard gain antennas. By rotating the test object it is possible to acquire measurements points creating a spherical grid. From the information it is possible to extract information about radiated antenna efficiency from TRP and directivity by EIRPmax. A way of reducing test time is to do relative measurements capturing the radiation pattern and finally at the end do one absolute measurement at EIRPmax on them top of the main beam. The relative results can then be related to the absolute level.
The power measured by the calibrated measurement antenna is routed to a measurement receiver as part of the test facility. It is advantageous if a dual polarized measurement antenna is used. The received signals are routed to a switch or a dual channel measurement receiver. Since the orientation of the AUT is unknown is it important to capture both polarizations. The test receiver measures the received power (typically within 5 MHz) for a specific carrier and RAT. 
Radiated output power could be measured as Total Radiated Power (TRP) or Equivalent Isotropic Radiated Power (EIRP). Both TRP and EIRP will capture implementation losses, such as matching and insertion loss in RDN, dissipative losses in elements and encapsulation. EIRP will also include antenna array gain which could be of interest, but for an AAS BS will the gain be application dependent. A way of handling the gain is the concept of defining equivalent gain described in [4] and equivalent port described in [3]. This means that EIRP can be defined for a virtual port rather than generically. 

Translating the output power requirement to a radiated requirement is it fair to say that TRP is the radiated equivalent. 
The TRP can be calculated from EIRP as:
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As seen from the expression TRP will not capture the distribution of power in the spatial domain. If EIRP have been measured for a spherical grid it is possible to calculate the directivity as the ratio of EIRPmax to TRP as:
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, which means that EIRPmax adds more information compared to TRP.
From a testing perspective is it important to decide under which BS conditions EIRP(,) shall be measured. It is suggested that EIRP is measured per equivalent port as defined in [3] to keep consistence with current conducted requirements stated in the conformance test specifications. If EIRP(,) is measured over the full sphere with a defined spatial sampling grid it is possible to extract both TRP, EIRPmax and directivity. The measurement sampling grid is determined by the expected beam-width of the main-beam. This means that the sampling grid will be different for a high gain AAS suitable for macro scenarios compared to AAS for medium size and local area where the gain is lower and consequently the beam-width is larger. The details of the conditions and parameters need to be studied further in detail.
Doing radiated measurements it is important to align the test object to the correct coordinate system. After a test session when EIRP+45(,) and EIRP-45(,) is captured for a certain number of  and  angles determined by the spatial sampling grid, the ERIP is calculated as the sum of both polarizations.

Since the measurement antenna (horn) usually is dual polarized it is not necessary to align the measurement antenna against the test object for all sampling points. 
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Figure 2.1: Far-Field test range principle sketch
The purpose of the test is to verify the capability of the AAS BS to generate radiated power within a specified range across the operating band and under normal conditions. In consistency RF performance requirement specifications for single carrier testing should performed with appropriate frequencies in the bottom, middle and top channels of the supported frequency band. While conducted testing performed for several bandwidths it is suggested to just use one bandwidth to reduce the test scope.
The methodology described in this contribution for EIRP measurement is commercially used and accepted for passive BS antennas. For AAS systems the same methodology can be used. However the method must be adapted for AAS BS. Instead of CW signals the measurement will be performed using modulated signals. It is suggested to use the signals defined for conducted transmitter tests in RF performance requirement specifications.
3.
Conclusion

In parallel with discussions regarding definitions of requirement points and test points this contributions gives an overview of measuring radiated transmission power. 

Several figure of merits exists, common ones are TRP, EIRP and EIRPmax. Table shows a brief compilation of mentioned characteristics.
Table 3.1: Figure of merits related to radiated transmission power
	Figure of Merit
	Properties included
	Pros and Coins

	TRP
	Efficiency is captured
	Requires 3D samples over the whole sphere

	EIRP(,)
	All radiated characteristics for a specific transmission conditions are captured
	Requires 3D samples over the whole sphere

	EIRPmax
	Maximum capability of aperture is captured in terms of antenna efficiency and gain
	A few samples needed


From a testing perspective it is favourable to have EIRPmax as figure of merit with an associated performance requirement for radiated transmission power.
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