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1.
Introduction
At last meeting (RAN4#72bis) in Singapore the definition of EIS was discussed. EIS have been proposed as the figure of merit for OTA sensitivity requirement applicable for AAS base stations. When defining OTA sensitivity requirement for AAS base stations a signal power level definition related to the field-strength or power density for which the AAS base station is exposed for is required. A text proposal for section 3 of TR 37.842 [1] with a definition of EIS have been submitted for multiple meetings but not yet agreed.
This contribution presenters the background and definition of EIS as part of OTA sensitivity for AAS base stations.
2.
Discussion
For a receiver the ability to detect weak signals is captured by the receiver sensitivity characteristics. Receiver sensitivity is often referred to as the lowest signal that can be detected with a specified quality. The quality is typically BER or throughput. This contribution will discuss the background and definition related to EIS which is the received signal power level to be proposed as figure of merit for the newly introduced OTA sensitivity requirement for AAS base stations. 

To characterize an AAS base station, it is possible to define OTA sensitivity as the minimum power level per area unit of a plane electromagnetic wave impinging on the AAS base station from a given direction (,) with a given polarization, for which the output signal of the receiver meets a certain criterion, in a given test configuration. 
Here, the sensitivity level could be expressed as an RMS electric field intensity, E, for instance expressed in V/m or dBV/m, or as an average power density, for instances expressed in W/m2. In the following, we will assume that the signal level is an average power density. For a given direction (,), this average power density is denoted by W. The received power level at the connector of ideal isotropic antenna [2] can be expressed as:  
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(Eq. 1)
Where  is the wave-length of the incident wave, Z0 is the free-space impedance and Ae is the effective area of an ideal isotropic antenna. The Equivalent Isotropic Sensitivity power level (EIS) is the power which would be available from an ideal isotropic antenna receiving the average power density W.
Strictly the unit of EIS in the logarithmical domain is dBm relative an isotropic antenna, therefore the correct way would be to use dBmi as the unit for EIS, however the industry have accepted to use dBm only.

From link budget calculations based on Friis transmission formula the power received by an antenna with Grx is determined by:
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(Eq. 2)

Where L is the free-space path loss, Ptx is the power accepted by the transmitter antenna and Gtx is the gain of the transmitter antenna.

Based on Eq. 1 and Eq. 2 the following expression can be derived:
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(Eq. 3)
The reasoning behind Eq. 3 is visualized in Figure 2-1. For an AAS base station there is no need to know AAS internal parameters such as Prx and Grx (marked in light blue colour), since EIS can be defined as a “Black box” parameter capturing the signal power level reaching the antenna aperture of the AAS base station. It shall be noted that Grx cannot be localized to one component of the AAS, since it depends on the antenna elements, hosing, coupling, combining and receiver electronics. In IEEE definitions [3] EIS is not captured, however it can be noted in Eq.3 the close relation to the IEEE EIRP definition, where EIS can be seen as the EIRP counterpart. 
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Figure 2-1: Principle link budget
From Eq.1 it is shown that field-strength is directly related to EIS. The expression can be arranged and converted into decibel scale as:
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(Eq. 4)

In a companion contribution [4] test principles related to how to test EIS will be presented. 
3.
Conclusion

This contribution describes the background and definition of the EIS level. The EIS level is a crucial part of OTA sensitivity requirement for AAS base stations. 
It has been shown that the EIS level is tightly associated to field-strength and power density of an electrical wave impinging an AAS base station.
It have been showed that EIS is the equivalent isotropic received power level which would be available from an ideal isotropic antenna receiving the average power density W. And therefore EIS is suitable to be part of an OTA sensitivity requirement as the power level incident on the AAS base station similar to PREF_SENS used for reference sensitivity, however EIS captures system performance of an AAS, not only radio noise figure.
In general EIS is defined as:

Equivalent Isotropic Sensitivity (EIS): power level relative to an isotropic antenna that is required to be incident on the AAS array from a specified azimuth/elevation direction in order to meet a specified receiver sensitivity requirement.


NOTE:
EIS is directly related to field-strength via free-space impedance and effective aperture antenna area. EIS is expressed as the receiver power that would be collected by an isotropic antenna if it were subject to a uniform field around the whole sphere as the AAS array experiences in the specified azimuth/elevation direction.  

This contribution shows that EIS is a perfect figure of merit for AAS base stations UL characteristics, without the need of declaring characteristics of internal components and implementations.

Proposal:
Use EIS as the figure of merit for the OTA sensitivity RF core requirement and the corresponding conformance test requirement to be included in AAS base stations specification(s).
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