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Introduction
AAS OTA receiver sensitivity was identified as a priority for the AAS work item at RAN4-68bis [1]. A way forward for the topic was approved at RAN4-70bis [2] which identified four issues relevant to the topic.
1. Naming of the figure of merit related to capture radiated receiver sensitivity (e.g. field strength in dBV/m [1] or EIRS in dBm [2] or something else)

2. The need for cell-specific beams or not defining the UL requirement

3. Is the radiated receiver sensitivity to be defined per receiver or on the combination of all receivers

4. The minimum requirement for radiated receiver sensitivity can be set on accuracy with a level which declared by vendor is met, or perform better than a specified absolute value

This paper studies the first topic and provides recommendations for resolving the related issues.
Discussion

The question of figure of merit is of primary importance. It establishes the terms in which the requirements are expressed, it guides the analysis for determining the requirements and it identifies elements necessary for the test configuration. 

Base station receiver sensitivity for UTRA and E-UTRA is specified at the receiver antenna terminal(s). As such, the requirement is specified in terms of a minimum acceptable throughput when a specified desired signal is applied. The desired signal strength is stated in decibels relative to a milliwatt (dBm) in a 50  system. This is a practical method for stating a conducted requirement as power levels are readily calculated in a system with a known impedance, and the measurement requirements are measurable with commonly available test equipment. 
Electromagnetic characteristics outside of a conductive system are most readily stated in terms of field strength, having units of volts/meter. Field strength may be  translated to the power available from a 0 dBi antenna, where values expressed in units of dBV/m  may be interchanged with values expressed in units of dBm using the formula E = P + 20log10F(MHz) + 77,2 [3]. The desired signal level for the OTA sensitivity requirement may be equally well expressed as a field strength or as an effective received power.
Figure 1 illustrates the specification problem. Figure 1 is a simplified depiction of the AAS reference diagram which has been studied during the study item phase, with annotations to indicate the relevant points of interest. The diagram suggests a system with four receivers.. A specification in terms of field strength can arbitrarily select the surface of the antenna array as the reference point. The formula for EIRS is the formula presented in [4], rearranged to fit the figure. 
By drawing a comparison to the EIRP definition, EIRS is the reference power produced at the terminals of an isotropic antenna if the isotropic antenna is placed at the field strength reference point (since isotropic antennas are theoretical entities, we will ignore physical interference with the base station). 
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Figure 1 OTA sensitivity requirement diagram. 
The EIRS formula from [4] is a general formulation, but it suggests that Grx and Prx are scalar quantities, or at least that they are identical for all paths between the antenna array and the receiver array. A more general formulation is to treat Grx and Prx as equivalent linear matrix quantities, e.g., [image: image3.png]EIRS = [grllpy.]
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In either case, specification of EIRS requires knowledge of Grx and Prx. It is interesting to consider how this should relate to setting standards. While the power used to test sensitivity (Prx, roughly) is typically a matter for standardization, the characteristics of the antenna and feeder network have not been matters for standardization. To specify EIRS, it will either be necessary to standardize the antenna gain and RDN characteristics, so that a value of EIRS can be standardized, or the EIRS performance should be left as a value which is declared by the manufacturer. Specification of the antenna and RDN characteristics is not desirable as it would unnecessarily constrain product options and would limit innovation. Further, it would extremely difficult to specify those aspects of an AAS base station implementation in an implementation-neutral way. It is therefore recommended that should RAN4 pursue an EIRS requirement, it should be defined as a manufacturer declaration. This is equally true if the desired signal is stated as a field strength. An alternative formulation for equivalent received power is Effective Isotropic Sensitivity (EIS) [5]. EISθ (θ,φ) is the power available from an ideal isotropic, theta-polarized antenna generated by the theta-polarized plane wave incident from direction (θ,φ) which, when incident on the EUT, yields the threshold of sensitivity performance. EISφ (θ,φ) is the power available from an ideal isotropic, phi-polarized antenna generated by a phi polarized plane wave incident from direction (θ,φ) which, when incident on the EUT, yields the threshold of sensitivity performance. This definition can be adapted to the AAS case, thereby avoiding definition of a new OTA sensitivity concept.

Once EIRS (or EIS) is declared, it can easily be interchanged with a field strength number by the conversion formula listed above. While this formula is well known, it may be useful to include the formula in the conformance specification to provide clear guidance for certification laboratories for test configuration. 
Conclusions

The OTA sensitivity requirement can state the desired signal strength either as a field strength, an EIRS value or an EIS value if consensus exists regarding the conversion between the values. The conversion should be included as part of the standard. However, in either case, the requirement should be in terms of conformance to a declared manufacturer declaration, and not in terms of conformance to an absolute value.
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