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1 Background
In RAN4#74bis in Rio de Janeiro, it became apparent that the understanding of the co-ordinate system and directions was not the same among companies. Since directions (in far distance) represent a significant part of all OTA requirements (due to that all AAS BS are assumed to exhibit some directivity), a common understanding of at least directions are fundamental to making any agreements on OTA requirements useful. This was highlighted in four bullets in [9]:

· Whether the coordinates system is defined in relation to the base station or whether a fixed mandatory coordinate system shall be used and the BS physical structure relation to it shall be declared.

· Nomenclature describing directions relative to the AAS BS physical structure.

· Whether a “range of angles” can have a “direction” and if the terminology shall support description and declaration of a direction of the range of angles of arrival for which the OTA sensitivity is declared, or not.

· Whether, if the description of the direction of the declared range of angles of arrival shall be supported by the terminology, descriptions of shifting direction the range of angles of arrival shall be supported (by e.g. adopting the concept of steering for range of angles of arrival declarations), or not.
This contribution discusses the concepts of directions, positions and relations to DUT external coordinate systems. It also attempts to capture some of the off-line discussions and their conclusions.
2 Introduction

Several contributions related to coordinate systems were discussed in RAN4#74bis. CATT [1] proposes a fixed coordinate system, with a left hand orthonormal axis system and spherical coordinates, for all AAS BS. This is the essentially the same coordinate system used to derive the beam pattern descriptions in [2], but with the origin translated to the centre of the antenna surface (which is otherwise not described in depth). It is argued that unless the coordinate system is fully defined, it is difficult to compare the performance of OTA requirements for different AAS BS. 
However, it can be noted that the OTA parameters are defined in the “far distance” and hence the exact distance to the DUT is not necessary to define when setting the requirements, nor when comparing devices. It can also be noted that the angle notation for spherical coordinates has two common and conflicting traditions where ϕ is sometimes used for azimuth and sometimes for inclination
. The same applies for θ (but vice versa), and thus the use of the two Greek letters risks causing confusion. (The use of the term “inclination” suggests that the z-axis points at zenith and coincides with a vertical line, orthogonal to the horizontal plane.)
Ericsson [3] refers to maximum pan (steering in azimuth direction) and tilt (in elevation direction), in orthogonal axis x and y. (It is assumed that the orthogonal axis x and y do not refer to the coordinate system defined in [2].) During the discussion (off-line), Ericsson suggested that a BS manufacturer may want to steer the beam along a single plane which is neither in the horizontal plane nor in a vertical plane and that therefore, the expectations that the azimuth plane during normal BS mounting should coincide with the horizontal plane would make the notion unsuitable for specifying direction related to AAS BS. The corresponding would apply to elevation. Therefore, it should be up to the manufacturer to define the one or two (orthogonal) planes along which maximum steering should be declared. A way to declare directions like e.g. satellites with no horizon was suggested for investigation. Further investigation into satellite direction references suggest though that external reference systems like ICRS, IERS or ITRS are normally used instead of references to the local coordinate system  when describing illumination of an outside objects like a planet or an earth station [4] , [5]. Whilst satellite local coordinate systems offer little guidance on how to describe directions, this argumentation shows on the possibility that the manufacturer may choose to define these orthogonal planes such that no steering can be made and consequently declared along the prescribed planes, in order to avoid testing of steering. It is thus necessary to define the concept of steering and maximum steering so that at least one maximum steering position is identified for testing if steering can be performed. But departing from the concepts of azimuth and elevation may not alleviate this concern.
In [6], is shown the difficulty in describing the directions using spherical coordinates only. Here the use of terms like panning, and tilting would cover most cases with a much simpler description, whereas the case described by Ericsson would require a special treatment in terms of e.g. an added requirement.
3 Directions and positions
When discussing the need for fixed coordinate systems, it is important to distinguish between directions, which by nature are pointing far away from the BS physical structure, and position which includes a third definition, describing not only direction but also distance. Since the OTA requirements are all applied far away from the AAS BS, it is principal sufficient to be able to describe directions to apply the requirements. Adding the information of the distance is in fact a complication since it puts a need on the specification to define what “far distance” is (in the coordinate system applied and for the AAS BS described). Therefore it is suggested that the core requirements are defined only in terms of directions relative to the AAS BS under the general far field assumption, and that distance and other near BS related data may be subject to declaration in order to facilitate conformance testing with minimum measurement uncertainty, but not subject to requirements.
4 Directions

The direction from a point can generally be described using spherical coordinates and assuming that the radius coordinate (r) is “large”. The coordinate system used in [2] is therefore in principle possible to use. However, if the radius is insufficiently large, any translation of the origin will result in new directions. Also the ambiguity regarding the angle notations referred above may hamper the use of this system. It is therefore in place to look for other similar arrangements describing directions at far distance and with an established vocabulary that lends itself to the descriptions needed to put OTA requirements on AAS BS. The BS antenna industry uses the system of azimuth and elevation for describing directions.
The terminology of azimuth and elevation has very long tradition starting from Arabic astronomers. The notion has had a number of functions related either to the geographic poles of the Earth (azimuth being the bearing on a compass), or related to a vessel (ship or aircraft) forward direction. The past decades, it has also been used in the BS antenna industry where the azimuth null direction is defined by a general “forward direction” as seen from the DUT. In this case it is assumed that the bore sight direction in a reference condition will coincide with 0 degree azimuth direction. It is also assumed that the azimuth plane in a normal operation coincides with the horizontal plane (locally flat earth in the ancient times, and lately the plane is suggested to be tangential to (the mean earth ellipsoid) the earth model where the topography is averaged out). This applies whether the azimuth is related to Earth itself or to the local vessel or antenna. Correspondingly an elevation plane is defined as the plane spanned by the plumb line
, normal to the azimuth plane, and the null direction in the azimuth plane. (The plumb line goes from zenith “straight up” to nadir “straight down”.) 
Using azimuth and elevation it is possible to describe any direction related to the AAS BS without determining its position in detail. Therefore it is a convenient set of descriptions, which is already commonly used in the cellular industry, if not in 3GPP. However, since there is a set of different (related) azimuth and elevation definitions, it may be appropriate to make 3GPP definitions of the terms as applied for AAS BS.

Referring to the coordinate system used in [2], the azimuth corresponds to ϕ and the inclination corresponds to θ. The elevation corresponds to π/2-θ. Hence, all directions that can be described by the coordinate system in [2] can be described by azimuth and elevation. The stronger assumption of inclination referring to a plumb line than elevation referring to a horizontal plane suggests that elevation is a preferable description to inclination with reference to the Ericsson problem above.

In some references, “angle of elevation” is only referred to as above the horizon, and the corresponding under the horizon is referred to as “angle of depression”. However, other references (including cellular convention) use negative elevation below the horizon. The latter convention is proposed to be followed in 3GPP.
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Figure 1. Azimuth plane depicted by a horizontal circle in the plane, and elevation plane depicted by a vertical circle in a plane perpendicular to the azimuth plane. The null direction is defined as one direction along the crossing of the two planes- The plumb line lied in the elevation plane and is orthogonal to the null direction. The wave vectors direction. k, is depicted as the solid red arrow, consisting of the two azimuth and elevation components (red dashed arrows).
In summary: there is an existing convention in the cellular industry using the terms “azimuth” and “elevation” to describe directions related to the DUT with assumptions about a normal operation referring to a horizontal plane, but with the understanding that other operation may occur, and that directions referred will follow the device’s orientation. To achieve clarity of the intended use in 3GPP specifications, it is proposed to make a definition consistent with the convention.
5 Positions
[2] points out a very important issue with regard to position and near direction, when pointing out the antenna surface: It is impossible to know anything about the physical structure of the AAS BS (except that it will exist). The requirements defined by 3GPP must be applicable equally to any arbitrarily shaped BS. However, since the AAS BS OTA requirements are going to be tested at a distance substantially smaller than “very far”, it is important that information about the mounting of the AAS BS and the rotation axes related to minimum errors (phase centre if any) are possible to point out through declaration. Figure 2 shows some suggestions on AAS BS shapes that may need to be accommodated. It is not immediately clear that it is possible to define an antenna plane in any meaningful way. In fact the exterior of the device may give away very little about the interior. Further, the radiation surface may be of arbitrary shape (it may indeed not be a surface but a point, line or a 3 dimensional space). It is therefore difficult to define any near distance device property that is general enough to be useful as a reference position for a reference coordinate system. Thus it is suggested that the coordinate system may be defined by the manufacturer such that e.g. rotation axes for minimum conformance measurement error and reference mounting position can be defined in the easiest possible way related to the DUT. 
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Figure 2, examples of schematic AAS BS shapes that need to be accommodated by the AAS BS specification.
It is always possible for the manufacturer to define an azimuth plane and an elevation plane in the coordinate system, so that the far distance requirements can be related to the DUT physical structure and the reference mounting position. Hence the freedom to define the coordinate system for the manufacturer can be had while the necessity to define common expressions for directions can be fulfilled.

[image: image3]
Figure 3, example of manufacturer defined coordinate system

6 Proposal

Therefore it is suggested that the manufacturer shall define the coordinate system as best fitting the physical structure of the AAS BS, and that in this coordinate system, an azimuth plane shall be defined such that it coincides with the horizontal plane for a reference mounting position of the AAS BS. This way, the OTA requirements can be defined with minimum restrictions on the flexibility of coordinate system options. The manufacturer shall also define an elevation plane in the perpendicular to the azimuth plane and a null direction in the intersection of the two planes, where both azimuth and elevation are defined as null.

[image: image4]
Figure 4, example of azimuth and elevation planes defined in manufacturer declared coordination system with DUT in reference mounting position.
It can be noted that this proposal decouples the beam directions from the azimuth and elevation planes compared to the previous systems suggested e.g. in [7], where only a horizontal plane and a plumb line was defined, and where the zero steering direction of a beam was defined to lie in the elevation plane. This poses however no restriction on putting OTA requirements on the AAS BS. As long as a zero steering direction remains the reference for steering, it can be described in any reference direction system. The here proposed system does in fact offer better means to describe the AAS BS as whole, since multiple simultaneous beams can be described with their respective declared zero steering directions, allowing for e.g. multi-sector BS descriptions.
Steering and referred declarations are discussed in a separate contribution [8]. The case where steering is restricted to a plane that does not coincide with the azimuth or elevation planes as suggested by Ericsson above, is treated in [10] which also implements definitions of a directions vocabulary in [11].
7 Conclusion
· It is proposed that no common reference for positions shall be defined by the WI, but such reference shall be declared by the manufacturer as a coordinate system related to the DUT physical structure in order to facilitate conformance testing with minimum measurement uncertainty.

· It is proposed that a common reference for directions shall be defined.
· The convention of using azimuth and elevation in the cellular BS antenna industry is suitable for this purpose.

· The definition of azimuth and elevation needs to be detailed in 3GPP so as to coincide with the industry convention, but to avoid ambiguity from other usage of the terms.

· The manufacturer shall declare how the azimuth and elevation planes relate to the declared coordinate system.
· OTA requirements can be set using the far field assumption and only directions (azimuth and elevation).

· The DUT zero steering directions are described using the azimuth and elevation planes but defined independently.
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9 Terminology
The terminology used in this contribution is taken from [11].  Additional explanations of terms can be found below:

Azimuth
Direction or angle in the azimuth plane related to the azimuth null direction. Positive angles are to the right as seen from the DUT.

Azimuth plane
A plane coinciding with the horizontal plane for a reference mounting position of the DUT.
It is used to describe directions.
DUT



Device Under Test
Elevation


Direction qualifier defined by the angle between the direction and its projection in the azimuth plane
Elevation plane
A plane perpendicular to the azimuth plan, used to describe directions. It contains the plumb line and the azimuth null direction.

ICRS



International Celestial Reference System

IERS 



International Earth Rotation and Reference systems
ITRS



International Terrestrial Reference System
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� The sum of the inclination and the elevation makes a right angle. 0° inclination equals 90° elevation. 


� The term” plum line” is used frequently in the literature. However, it seems reasonable to believe that the original term was “plumb line” since the line coincides with the line shown by a plumb (used in construction for thousands of years). This is also the term used by ESA in e.g. https://earth.esa.int/handbooks/meris/CNTR4-2.html





