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1.
Introduction
At last RAN4 meeting in Dresden (RAN4#72) the definitions of an OTA sensitivity requirement was discussed. The need for a sensitivity requirement for a complete AAS base station has been identified as complement to current reference sensitivity per receiver branch. 
In the agreed way-forward [1] an open issue related to the need for defining the OTA sensitivity requirement at different directions was identified. 

In a companion contribution [4] the EIRP properties with respect to different steering ranges and definition of radiated transmit requirement is presented.
This contribution will elaborate around the directivity properties of EIS for different angles. 
2.
Discussion
The working assumption is that OTA sensitivity requirement is based on the similar concept used for reference sensitivity with respect to test signals and definition of quality thresholds. Instead of feeding the receiver with a test signal, the AAS base station or test object is exposed for a radiated test signal. When the test object is exposed for the radiated signal, characteristics of the complete AAS receiver will be captured. This means that array gain and self-interference will be captured contrast to testing each receiver with a conducted test signal. The UL array gain of AAS base station will depend on array geometry, element radiation pattern and the capability of the adaptive beam-forming. Unlike DL beam-forming, the UL can be adaptive; i.e. the beam for each UE is created in a way in which the SNR is optimized. The SNR at the detector in the receiver is dependent on both wanted signal and noise. For OTA testing the noise will hold contributions from internal receiver noise determined by the receiver noise figure and also contributions from external noise leaking into the antenna aperture. 

Assuming that the OTA sensitivity can be characterised by Equivalent Isotropic Sensitivity (EIS), the maximum performance will be found at an angle without beam-steering applied. This means the lowest sensitivity level handled by the system can be found at an angle straight out from the antenna aperture. 

As noted in SI TR 37.840 in Annex C.5, the directivity of an array antenna will depend on array antenna geometry and operating frequency. The directivity loss due to steering angles, referred to as scan-loss is dependent on frequency and element separation. The scan-loss is caused by the fact that grating beams are generated as a folding effect when the element separation is larger than 0.5. Dense arrays with element separation close to 0.5 are required to steer the beam without scan-loss impact. However, for dense arrays, mutual coupling effects, such as radiation pattern distortions, efficiency loss causing degradation of AAS base station sensitivity performance. It is reasonable to believe that the element separation will be a compromise between mutual coupling and beam-forming characteristics, with elements separations in the range of 0.5 to 0.9. 

With the scan-loss behaviour in mind it is reasonable to claim that the OTA sensitivity requirement should be defined for multiple angles. The angles could be declared by the base station manufacturer, since the coverage characteristics will be very product specific, both in terms of base station class and applicable coverage area. 

An AAS base station will be designed for a specific coverage area in mind. This means that the base station manufacturer can declare maximum angles for a coverage scenario. As an example for 3-sector wide area deployment, the horizontal beam width is typically 65 degrees. A relevant angle for an AAS OTA sensitivity requirement could then be at 60 degrees angle. It is expected that EIS at this angle will be higher compared to the 0 degrees horizontal steering. It is suggested that the manufacturer declares the angles for which EIS is declared.
From a testing perspective the test object is can easily be placed at two different positions with different horizontal angles with respect to the probe antenna in antenna test range. 

The UL beam-forming can be visualized as block diagram [3] according to figure 2-1. 
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Figure 2-1: Principle diagram for UL beam-forming 
The output beam-formed signal, y(t) can be expressed as:
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Where wn is a complex weighting factor, s(t) is the received signal, k is the wave vector, R is the position matrix and f is the element factor. 

As seen from the expression above the array factor and element factor is identical as for DL beam-forming, meaning that the directivity characteristics can be evaluated in a similar manner, as described in an earlier contribution for DL radiation characteristics. The directivity characteristics of a generic array antenna is reciprocal, however DL and UL for an AAS base station can be un-symmetrical, which means that DL directivity not can be assumed equal to UL directivity. 

The beam-forming weights will be determined by the adaptive processing in base band as a result of optimized SNR the received signal. This means that the directivity characteristics will be dependent of beam-steering direction as showed in figure 2-1. The archived array gain is directly related to the directivity and will thereby affects EIS performance of an AAS base station. 
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Figure 2-2: Principle test configurations
The directivity characteristics of an AAS base station can easily be captured by placing the DUT at different positions with respect to the probe antenna in the antenna test range, as showed in figure 2-2.
3.
Conclusion

Directivity loss due to large angle of arrivals of received signals will cause a directivity drop that will directly impact EIS. Since the array antenna design is included in the AAS base station, it is suggested to define the OTA sensitivity requirement as a “black-box” requirement. Therefore OTA sensitivity also needs to capture scan-loss due to from what angle the received signal is coming.

This contribution shows how the OTA sensitivity for an AAS BS station can be specified and tested at two different angles corresponding to zero degrees and maximum angle used for deployment. It is suggested that the maximum angle is declared by the base station manufacturer together with the declaration of EIS.
Proposal:

Define the OTA sensitivity in a way where directivity characteristics for large angles of arrivals is captured. 
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