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1.
Introduction
At last RAN4 meeting in Fukuoka (RAN4#75) a coordinate system required for radiated AAS base station requirements was agreed and included in TR 37.842. Also a way forward for AAS OTA coordinate system was approved in [1]. 
 This contribution continues the discussion about open issues identified in the way-forward.

2.
Discussion
In the AAS discussion regarding radiated RF core requirements the need for a reference coordinate system has been identified. The coordinate system is an important part of the manufacturer declarations part of AAS radiated requirements; Radiated transmit output power and OTA sensitivity. 
After extensive discussions RAN4 finally agreed on a right-handed Cartesian coordinate system as a base. To describe directions with respect to the coordinate system spherical coordinates (, ) was introduced. The -angle is the angle in the x/y-plane and it is between the x-axis and the projection of the direction vector onto the x/y-plane and is defined in the interval -180<+180 degrees. The -angle is the angle between the projection of the vector in the x/y plane and the direction vector and is defined in the interval -90<<+90 degrees. The background for this coordinate system is found in Annex E of 37.977 and Annex A of 36.814. However the orientation of the spherical coordinates is not fully aligned with IEEE [3], since the -axis is describing traditional wide-area “down-tilt”. 
The coordinate system agreed last meeting is visualized in Figure 2-1.
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Figure 2-1: Reference coordinate system
To be able to describe directions with respect to the base station a coordinate system must be associated to the base station mechanical structure. It is suggested to use the agreed coordinate system and refer to it as a reference coordinate system.

The reference coordinate system needs to be associated to the AAS base station mechanical structure. RAN4 have decided that the location of the coordinate system origin relative to a physical identifiable feature on the base station enclosure is declared by the manufacturer. A typical physical location which could be used as a location of the coordinate system is the mechanical mounting interface. The mechanical interface is related to the brackets used to mount the base station in the mast. Also the orientation of the coordinate system geometric plane and nominal axis relative to a physically identifiable feature on the base station enclosure is declared by the manufacturer. A typical orientation for the coordinate system is to let the y/z plane be aligned with the mechanical mounting plane described in Figure 2-2.
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Figure 2-2: Example of location and orientation of reference coordinate system

Observe that the base station manufacturer can declare other placements with respect to the base station enclosure than described in Figure 2-2. A practical and efficient way of declaring the location and orientation of the reference coordinate system is the base station manufacture provides a figure showing how the reference coordinate system is placed on the base station enclosure. The example in Figure 2-2 can be used as a reference for such a declaration. 

When the coordinate system is anchored on the base station enclosure, directions related to the base station can be defined using (, ). Directions are requirement by both radiated transmit power requirement and OTA sensitivity requirement. 
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Figure 2-3: Example of direction diagram
In the -domain it is easy to describe directions and spatial characteristics such as EIRP and EIS level contours by means of a direction diagram. Also areas where requirements are supposed to be fulfilled can be described in the diagram. With agreed spherical axis a direction diagram is exemplified in Figure 2-3. Observe that the -axis is pointing down-wards, since it is referring to down-tilt. 
In a direction diagram discrete direction as single (, ) point can be visualized. Also angular ranges or areas can be described as contours of parameters such as EIRP or EIS. Examples of this type of plots are included in a companion contribution [2].
In the way-forward [1] following open issues was identified:
· Specifics of the coordinate system declaration are FFS.

· Formalization of a direction diagram to be used for declarations and requirements.

Regarding the details about the reference coordinate system we suggest that the specification defines a coordinate system like the one described in Figure 2-1. This coordinate system shall be referred to as reference coordinate system. The base station manufacturer declares the location and orientation of the reference coordinate system with respect to a physically identifiable feature on the base station enclosure. The declaration can be done in a drawing provided by the base station manufacturer. 
Regarding specifics of the coordinate system, maybe RAN4 needs to reconsider the direction on the -angle, to make the usage of direction diagram be more logical.
The area of operation describes an area where the AAS base station is supposed to operate. To formalize the direction diagrams, the scale of the -axes and relevant areas of the diagram needs to be defined. It is not clear if the backward directions need to be included.

When parameters part of radiated transmit power and OTA sensitivity is declared by the manufacture, we prefer to visualise beam-pointing directions for DL and RoAoA for UL in direction diagram or declare parameters in table format. Nevertheless, the direction diagram is a good tool for describing the spatial characteristics. 
3.
Conclusion

RAN4 have agreed a reference coordinate system to be used as part of radiated RF core requirements and conformance test requirements for AAS base stations. The location and orientation of the reference coordinate system is for the base station manufacturer to declare.

Proposal:

The direction diagram is a good tool for describing the spatial characteristics of parameters such as EIRP and EIS. Also it could be used to describe areas where requirements apply. We propose to use the direction diagram as a tool of describing OTA requirements in TR 37.842.
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