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1 Background
In RAN4#74bis AAS agenda item, the description of directions was discussed. Both the WF on OTA requirements, [1] and [2], point at the difficulty with the description of directions. Whilst there were different views on what the directions represent, there is consensus that the OTA requirements are defined in directions. This contribution suggests the formalisation of a tool describing directions.
2 Introduction

Directions in three dimensional space has traditionally been understood to be a three dimensional property. However, using spherical coordinates, it is possible to describe directions using only two coordinates (distance is fixed), and it is possible to project the surface of a sphere onto a plane. Systems designed directly to direction descriptions like “azimuth and elevation” can be projected in the same way. This has been done implicitly in many instances in the AAS WI meetings, e.g. by referring to directions as “points” or as described in the diagrams in [1]. As the concept of directions is currently under discussion, it is proposed to formalise the projection such that it can be referred to in requirements formulation.
3 Directions diagram
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Figure 1, DUT and steering directions.
Figure 1 (from [3]) depicts steering directions in a three dimensional space. The steering directions are a subset of the total number of directions, but the green rectangle on the spherical surface can be imagined to be stretched so that it covers the entire sphere. Also, the only reference direction in figure 1 is the “zero steering direction”. In the stretched version, a reference direction is annotated the origin A diagram as in figure 2 is the result. It is essentially a cylindrical projection of spherical coordinates, cut open along the cylinder axis in one azimuth direction (opposite to the origin). (This is in practice the same method as the Mercator projection used in geographical maps.)

[image: image2]
Figure 2, Directions diagram.

Here, the terms used are azimuth and elevation, in accordance with the preferences referred in [4]
. The direction opposite to the null direction (origin in the diagram) is mapped onto the two points of the diagram described by azimuth = 180°or azimuth = -180° and elevation = 0°. (The cut in the cylinder is along Azimuth = 180° and therefore azimuth 180° = azimuth -180°.) The elevation = -90° represent the same direction regardless of azimuth direction. The same applies for the elevation = 90°. Every other direction is mapped onto a single point in the directions diagram.

It is therefore possible to describe any direction with a point in the directions diagram. Any range of directions can be described with an area in the diagram, and any set of (discrete) directions can be described with a set of points in the diagram.
4 Applications in OTA requirements
Description of steering.
Whilst the concept of steering is not interpreted in exactly the same way by all delegates in the AAS community, there are some common properties that seem to apply in all interpretations:

· There is a direction that represents a non-steering direction, often referred to as the zero-steering direction.

· Steering represents redirecting the property defining the zero-steering direction in another direction.

The property referred above may belong to a beam of some sort, and the direction of the beam may be the bore sight or the centre of the beam, etc. (It could in principle be a null too.) The discussion of the property steered is left to be addressed in other contributions. Here it is noted that regardless of the property addressed, it can be described in a directions diagram.
As depicted in figure 3, the extreme steering directions in azimuth and elevation directions can now be described as the maximum distance in the respective direction from the zero-steering point in the directions diagram.  Extending the concept of distance around the direction opposite to the null direction, allows this definition to describe also “rearwards” steering directions as depicted in figure 4.
It has already been agreed that the range or set of the steering range shall be declared by the manufacturer [1]. The direction diagram may be a common way of describing or visualising this range or set for easy comparison. As the steering is likely to be as subset of all direction in the general case, it may be suitable to show only part of the total sphere directions for enhanced resolution, without any loss of information or generality. 
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Figure 3, Steering with zero steering direction, extreme azimuth steering directions and extreme elevation steering directions depicted. An area (arbitrarily shaped) where the steering requirement is fulfilled is also indicated by the dashed contour and gray shading.

[image: image4]
Figure 4, steering range “rearwards compared the azimuth null direction” depicted.

It can be noted that projecting the entire sphere (all directions), it is possible to depict multiple simultaneous beams with their steering ranges. This may be of particular interest for AAS BS designed to serve multiple sectors/cells.
As can be noted form the above, the directions diagram can be used to describe steering without defining the exact property steered. This must be clarified separately if the diagram is applied in declarations.
Range of angle of arrival

The OTA sensitivity is agreed to be declared in a RoAoA. Whilst it seems to remain to be determined exactly how this RoAoA shall be defined, it appears the common understanding that it represents a range of directions. As such, it can be described readily in a directions diagram as depicted in figure 5. Another RoAoA is depicted in figure 6. Here, the range is the complement to that in figure 5. (Whilst this is an unlikely application in the current WI, it may be the subject of future WIs related to AAS.)
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Figure 5, Two RoAoA depicted in a directions diagram as shaded areas enclosed by dashed lines. Note that the two RoAoAo shapes are arbitrary.
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Figure 6, A RoAoA being the complement to the two RoAoA depicted in figure 5. The same delimiters and shading are applied.
5 Observations
· A directions diagram can project all three dimensional directions onto a plane.

· It provides conformal mapping (using azimuth and elevation) between all directions and a rectangular diagram.

· It can be used to describe both steering and RoAoA with the current common understanding of the terms.

· Any shape of a range of angles can be described.
· If formally defined, it can be used for defining e.g. extreme steering directions without prejudice on the directions coordinate system.

6 Conclusion
· Directions diagram is a useful tool to describe requirements and properties involving directions in space.
· It can be used for defining requirements relating to directions (OTA requirements) and declarations

· Conformal mapping offers good intuitive understanding of three dimensional directions and ranges thereof.
· It is proposed to make a formal definition of directions diagram.

· It is proposed to use directions diagrams in the description of OTA requirements.
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8 Terminology
The terminology used in this contribution is taken from TR37.842. 

Additional explanations of terms can be found below:

RoAoA

Range of Angles of Arrival.
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� The same concept can be used with inclination instead of elevation (i.e. spherical coordinates) moving the axis to the sides of the rectangle and rearranging the axis scaling. 





