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1.
Introduction
The discussion related to how OTA sensitivity 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 EIS as part of conformance testing. This contribution will present an overview of the principle on how EIS as a part of OTA sensitivity 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. A concept of having a two phases; calibration and measurement is presented. This concept is valid for near-field based and other test methods too. 
This contribution is a revised version of contribution submitted to RAN4#73 [1].
2.
Discussion
The EIS level is a crucial part of OTA sensitivity requirement [2]. The OTA sensitivity is defined as the EIS level corresponding to a specified link quality threshold. The link quality threshold is different for different RATs; for UTRA is BER used and for E-UTRA is throughput used. The EIS level measurement is divided in two main parts; Calibration of test range, EIS level measurement. The calibration phase is required since EIS is an absolute figure of merit (compared to e.g. side-lobe suppression which is relative figure of merit). The EIS conformance test can be done out-door if RF interference environment is controlled making impacts on uncertainty negligible. This is not the case for locations where cellular network are deployed, therefore is very suitable to utilize a shielded anechoic chamber. In this paper an anechoic chamber is assumed with a dual polarized probe antenna is mounted at the far end of the chamber.

The calibration process will determine transmission properties through the test range including path-loss, probe antenna, probe antenna feeders, marked with light blue in Figure 2-1. A reference antenna is mounted at the positioner, where the test object is supposed to be mounted. 
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Figure 2-1: Calibration phase

The transmission properties are measured using a commercial of the shelf network analyser. The characteristics of the reference antenna and reference antenna feeder cable is measured separately and thereby known. The properties of the reference antenna are determined by calibration characterisation of the reference antenna done by the manufacturer. Typically the reference antenna is a Standard Gain Horn (SGH), where the calibration data is determined and printed onto it. The reference antenna feeder cable is measured separately using a network analyser. The transmission properties from port 2 to port 1 and from port 3 to port 1 is stored and referred to as calibration factors.

For the measurement phase the network analyser and reference antenna is removed as showed in Figure 2-2. A signal generator is connected to the probe antenna feeders and the test object (aka DUT) is placed on the positioner within the quiet 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 specified minimum level. In this case a two port signal generator is used to generate the test signal. The reason for that is the EIS-level is generated per polarization. A single channel signal generator and a RF switch can also be used for this purpose. Observe that the test setup in Figure 2-2 is very simplistic and shows just the principle of the EIS measurement. A real antenna measurement setup requires additional components such as filters and isolators to protect the equipment when the transmitter is ON during EIS testing.


[image: image2]
Figure 2-2: Measurement phase

The positioner moves the test object to desired position and the signal generator enables a specified FRC signal at port 1. The test object report link quality. When the link quality threshold is reached the generated signal level is stored. Using the calibration factor the EIS level can be calculated. This process is repeated for both polarizations of the probe antenna and low, mid and high frequency channel of operating band.
To test the AAS base station ability to receiver weak signals coming from an UE, the OTA sensitivity is tested separately per polarization of the probe antenna, according to Figure 2-2. This means that the OTA sensitivity is split up in two measurements where the test object is exposed for a radiated signal with two orthogonal polarizations called p1 and p2. For polarization p1 the combined EIS1 is measured and for polarization p2 combined EIS2 is measured. EIS1 and EIS2 are measured at the same link quality threshold. The OTA sensitivity EIS level is then calculated as a linear average from the two measurements as:
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This concept facilitates effective OTA testing removing the need for polarization matching, which requires knowledge about the test object antenna implementation.

The positioner moves the test object according to desired horizontal and vertical angles of interest. This means that OTA sensitivity easily can be tested for zero or nominal AoA and maximum AoA if required, which means that EIS can be measured for different incident angles with respect to the impinging electromagnetic field.   

Reaching the link quality thresholds defined for conducted reference sensitivity requires a lot of test time in an OTA setup. Eventually, threshold can be adapted with respect on OTA testing and thereby trading measurement uncertainty with less overall test time. 

Finally, there will be different sources of uncertainty contributions related to the calibration phase and the measurement phase, such as matching between feeder cables and test equipment, network analyser, reference antenna, quiet zone and signal generator output power uncertainty must be determined and properly processed so the total uncertainty for a test method can be calculated. The framework for evaluating measurement uncertainty for OTA test methods is discussed in a companion contribution [3].
3.
Conclusion

This contribution gives some insights on how to measure EIS and OTA sensitivity that can be useful in the work of defining an RF core requirement. The test principle is based on the assumption that the test object is seen as a “black box”. To maintain acceptable measurement uncertainty a calibration phase is required. The next step is to find a concept on how to handle measurement uncertainties for different test methods applicable for EIS testing. 
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