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Introduction
An issue common to setting the AAS requirements for both EIRP [1] and OTA sensitivity [2] is the coordinate system used for expressing the requirements. This paper offers observations on the subject and proposals for guiding the discussions going forward.
Basic geometry
Coordinate systems are a basic element of mathematical physics and are assumed to be well understood. Different coordinate systems have been devised to clearly express the dynamics of different kinds of systems. Examples include Cartesian coordinates, used e.g., to define problems in mechanics and spherical requirements, used e.g., to define field problems such as gravity and electromagnetism. 
Proposal 1: RAN4 shall adopt a spherical coordinate system (r, ) for expressing AAS requirements
It is noted that the approval of [1] effectively indicates consensus on adoption of a spherical coordinate system.

The selection of a coordinate system is understood to be an issue for both OTA sensitivity requirements and EIRP accuracy requirements. [1] frames the EIRP accuracy requirement in terms of “directions”. It is assumed that these directions are relative to the base station, and are anyway expressed by [2] in terms of the angles  and . The geometric issues in [2] are also stated in terms of angles, presumably relative to the base station. 

If we assume that the AAS under consideration uses the same elements for receiving and transmitting, we may further assume that the angles used in the requirements can be expressed using the same origin and orientation. 
Proposal 2: A single coordinate system is used to express the OTA sensitivity requirements and the EIRP accuracy requirements.
Coordinate system semantics

The property of coordinate systems which allows free translation between different systems is the ambiguity regarding orientation in space. Given any two systems, arbitrarily offset and rotated relative to each other, it is impossible to say that either system represents a more correct or true picture of the world than the other system. This ambiguity does not help the standardization task, as concise, well-understood terms are needed to support a consensus decision.

Assuming adoption of a vendor-declared spherical coordinate system, it is possible to state OTA requirements in terms of the coordinate system origin,  and The convention in the AAS study item and work item has been that  is defined from 0° to 180°, with 0° pointing upwards, normal to the horizontal plane and that  is defined from -180° to 180° with 0° pointing outward, normal to the vertical plane. These definitions are meaningful only in relation to some reference plane. It is not desirable to impose requirements regarding the orientation of a reference plane as this could restrict design of mounting hardware or other physical aspects of the BS hardware. Therefore, it is proposed that the orientation of the horizontal and vertical reference planes should be part of the vendor declaration.
Proposal 3: The vendor declaration of the BS-centric coordinate system must include, at a minimum the following parameters:

· location of the coordinate system origin relative to an identifiable physical point on the AAS;

· orientation of the  axis relative to a physically identifiable horizontal plane of the AAS; and
· orientation of the  axis relative to a physically identifiable vertical plane of the AAS.
Other choices for orientation of the coordinate system may be equally valid, but it is unlikely that those choices would be an improvement. 

Regarding the use of the terms “elevation” and “azimuth”, these terms are commonly used in relation to the  and  directions respectively. “Elevation” and “azimuth” are terms are commonly used in antenna literature and are well-understood. However, it may be observed that definitions in terms of  and  are concise and unambiguous. The use of the terms “elevation” and “azimuth” are descriptive and should therefore be allowed in non-normative text.
Conclusions

Three proposals are presented for approval:
Proposal 1: RAN4 shall adopt a spherical coordinate system (r, ) for expressing AAS requirements.

Proposal 2: the requirements for OTA sensitivity and EIRP accuracy are defined in relation to a BS-centric coordinate system.

Proposal 3: The vendor declaration of the BS-centric coordinate system must include, at a minimum the following parameters:

· location of the coordinate system origin relative to an identifiable physical point on the AAS;

· orientation of the  axis relative to a physically identifiable horizontal plane of the AAS; and
· orientation of the  axis relative to a physically identifiable vertical plane of the AAS.
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