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1.
Introduction
At last meeting (RAN4#74bis) discussions about basic parameters needed for OTA requirements for AAS base stations took place. To be able to declare beam-pointing direction and AoA a reference coordinate system is required. This contribution considers further the co-ordinates system issue and the most suitable approach for the 3GPP specification.
2.
Discussion
2.1
Co-ordinates system
In order to describe beam pointing directions in downlink and RoAoA in uplink, it is necessary to have a means of describing a co-ordinates system. Without a coordinates system, descriptions of steering and beam pointing directions are meaningless.

2.1.1
General goals of a coordinates system for 3GPP specification purposes
There is some background for describing co-ordinates systems for AAS basestations; for example NGMN have released a white paper for passive antenna systems [2]. In writing 3GPP specifications, several aspects are important to consider:

· The co-ordinates system and other aspects of the specification are clear, but also place the least possible restrictions on the beamforming behavior of AAS basestations, which in time could easily differ from passive antennas

· The co-ordinates system and other aspects of the specification should be easily applicable to first generation AAS that have behavior similar to passive systems as a special case.

· The 3GPP coordinates system should be the best possible means of describing the 3GPP core requirement. This may differ from the best possible means of capturing other aspects of an AAS such as mechanical mounting, but manufacturers can always supplement additional information relating to those aspects.

A coordinates system may be used for describing at least 3 distinct aspects of the basestation:

· The physical shape of the basestation; for example a column might be described in terms of it’s length in the vertical dimension and width in the horizontal dimension

· The mounting of the basestation; for example if a permanent downtilt is built into a column then the horizontal and vertical coordinates of the mounting pole may be different from the basestation

· The axes along which beamforming is performed. Although not necessarily the case, many basestations will perform beamforming along one or two axes. These axes depend upon the positioning of radiating elements within the basestation housing, which is not necessarily aligned with the physical shape or mounting.

The 3GPP specification is only concerned with the final of these aspects (beamforming); the first two are highly relevant to a product description but do not need to be captured by 3GPP. (For the purposes of this contribution, beamforming is considered to be any means to reposition a beam after a basestation is mounted).

2.1.2 Naming, positioning and declaration
The following issues need to be resolved to be able to define a reference coordinate system for AAS base station necessary for radiated RF core requirements.

1. Coordinate system definition with defined relations between required rectangular and polar variables, such as (, ) angles and x, y, z axis.
2. Placement of reference coordinate system origin with respect to the base station, such as mechanical reference plane, aperture plane, phase centre or other physical location on mechanical structure.
3. The need for alignment with horizon and gravitation, such as alignment with azimuth/elevation or horizontal/vertical axis. 

Type and style of axes
All contributions discussed up to now in RAN4 relating to co-ordinates systems have assumed a Cartesian system described in general using polar indices. Apart from the use of rectangular indices, there does not appear to be any other sensible choice of describing coordinates.

As a starting point, it is suggested to define a reference coordinate system as a Cartesian right-handed coordinate system. The x-axis directed in the straight forward direction, according to figure 2-1.
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Figure 2-1: Reference coordinate system
The angle from the z-axis to the beam pointing direction vector is named . The angle from the x-axis to the projection of the beam pointing direction vector in the x/y-plane is named . For example, the directions of the positive and negative x-axes (forward and backward directions) are (, ) = (0°, 0°) and (, ) = (0°, 180°), respectively. 

The directions of the y-axis and z-axis are (, ) = (90°, 90°) and (, ) = (0°, -), respectively. For radiated transmit power (, ) describes the beam-pointing direction of the main beam. For OTA sensitivity a pair of (, ) is required per range of AoA (e.g. a range of AoA is at the minimum described as (1, 1) and (2, 2).

Proposal 1: Adopt a Cartesian right handed coordinates system
Relation  of the axis to the basestation shape and the earth
The relationship between the coordinates system and the basestation must be known. Three options exist for fixing the relationship between the co-ordinates system:

· The coordinates system may be fixed in relation to the ground (horizontal and vertical). If this is the case, the intended orientation of the basestation with respect to the coordinates system will need to be declared. Also, the orientation of beamforming axes within the basestation might be declared.

· Advantages of this approach are that the coordinates system is the same in absolute terms for all basestations (although there could be some debate as to whether this is an advantage or not)

· A major disadvantage with this approach is that if the TX power requirement is stated at maximum steering along the axes of the coordinates system, then these declarations may not coincide with actual steering axes defined within the basestation. The maximum beam steering declaration would then work suboptimally.
· The coordinates system may be fixed to the mechanical mounting of the basestation

· In this case, if the steering axes are not aligned with the mechanical mounting, which might easily not be the case, then this option suffers with the same disadvantage as the first option.

· Declaration of the orientation of the coordinates system with respect to the mechanical mounting will be required.

· Also with this option the coordinates system orientation can differ between different BS.

· The coordinates system may be fixed to the physical shape of the basestation

· Declaration of the orientation of the coordinates system in relationship to the physical shape will be required.

· Also in this case, the beamforming axes may not be aligned with the physical shape, which would lead to similar problems as the first option.

· The coordinates system may be fixed to the beam steering axes of the basestation. If this is the case, the orientation of the coordinates system with respect to the basestation mounting and/or the physical shape of the basestation are needed.

· This means of declaration of the coordinates system orientation enables the vendor to place the axes along which the EIRP declarations are made in the most suitable manner for his basestation

· The orientation of the coordinates system in relation to the ground can differ for different BS though
All of these options involve the same amount of declarations. The difference between the first option and the final 3 options is whether the basestation/steering orientation is declared in relation to a fixed coordinates system or the coordinates system is declared in relation to the basestation/mounting/steering axes. The difference between each of the final 3 options is whether the intention of the declaration is to align the coordinates system in some way with the mounting system, or physical shape, or the internal array geometry.

AAS base stations can operate in different deployment scenarios (e.g. Macro, Micro and Pico) in which freedoms of controlling the main beam are larger and more diverse than for a classical Macro. For micro and pico deployments the base station can be also mounted in other orientations compared to classical macro. 

Systems will be built to perform electronic beamforming along one or two axis. These axes are often horizontal and vertical with respect to the ground (azimuth and elevation). However it may not always be the case that beamforming would be horizontal and vertical. One simple example of non horizontal and vertical beamforming would if an array would be mounted with a built in downtilt. Another example may be an indoor array that is mounted on a ceiling and performs beamforming across the 2D ground plane.

Since the purpose of the coordinates system is to specify the OTA TX Power and OTA sensitivity requirements in 3GPP, it makes sense to use a coordinates system declaration that best facilitates writing of  the core requirements and declarations description. There is no need for 3GPP requirement text to consider mechanical mounting and shape of a basestation or the absolute horizontal or vertical directions of the earth. Thus, enabling the vendor to declare the coordinates system in a manner that best fits to the beam steering axes is the best option.

Proposal 2: The orientation of the coordinates system with respect to the basestation shall be declared. It is left to the vendor to declare the coordinates system in a manner that best fits to their beamforming scheme.

Proposal 3: The declared coordinates system shall as far as possible ensure that maximum beam steering is along the planes of the coordinates system.
Proposal 3 may need to be stated as an informative statement in the 3GPP conformance specification. 

2.2
Guidance on coordinates system orientation declaration for well known basestation structures

For many basestations, in any case the beam steering axes, mechanical mounting and absolute horizontal/vertical will all anyhow coincide. If this is not the case, however a vendor will always be free to add information on additional coordinates systems (e.g. for mechanical mounting, or the absolute horizontal/vertical) and the relationship between such systems. There is no need for any such information to be captured in 3GPP specifications; it will be product specific and does not relate to any requirements. However, for reference purposes the 3GPP conformance specification might include guidance on how to declare a co-ordinates system for basestations for whom some or all of the mounting structure, shape and beamforming axes align (as is usually the case for passive antennas). An example is given below for a column that is capable of downtilt.
For this specific type of basestation, it is potentially useful to use the mounting structure as base for orientation of the reference coordinate system. The mounting interface plane is aligned with the centre of the y/z-plane as showed in figure 2-2.
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Figure 2-2: Orientation of coordinate system

Proposal 4: If it is useful, for well known structures of basestation in which mounting, shape and beamforming axes align, include guidance in the 3GPP specifications on how to declare the orientation of the coordinates system.

3.3
Reference steering direction

Declaration of a coordinates system involves declaring two planes that align with the expected steering axes. However a further necessity is to set a direction in each plane that is the zero point for steering. If only electronic beamforming were to be performed, then an obvious direction for the zero steering would be the direction in which a beam would point if no phase progression would be applied to the array. More generally, it could be possible to define a zero steering direction as the steering direction in which the EIRP at the centre of the main lobe of a steered beam would be maximized.

For some types of array architecture, however, the point at which EIRP would be maximized would not be as relevant. A good example might be a column for which a fixed, preset downtilt is applied and on top of which electronic beam steering can be applied:
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Figure 2-3 Example of a system with preset steering
In this case, the EIRP is maximized when the beam is steered upwards to reverse the preset downtilt. However it may be more relevant to define the steering direction in relation to deviation from the fixed downtilt. This could be achieved by referring to the steering direction with no applied electronic phase progression, however such a definition refers to some extent to internal operation of the basestation and is undesirable.

A solution that was discussed at RAN4#74bis is to declare the “zero steering” in an arbitrary manner, leaving it for the vendor to set the “zero steering” direction in a manner that best suits the array. Such an approach is aligned with a free declaration of the orientation of the coordinates system and could make sense. However, using terms such as “zero steering” or “center steering” could lead to confusion and it would be preferable to use the term “reference steering direction” if the direction is declared and arbitrary with respect to EIRP and phase progression behavior.

Proposal 5: Use the term “reference steering direction” to refer to the direction from which steering is stated if this direction is declared and not fixed to phase progression or EIRP behavior.

3.4
Naming of the planes in the coordinates system

It is proposed in section 2.1 to declare the orientation of the coordinates system in relation to beam steering axes. Since these axes may not align with absolute horizontal & vertical, it is preferable to avoid the use of names for the axes that imply any alignment. Thus, names such as “horizontal axis, vertical axis, azimuth, elevation” should be avoided in the specification wording.

3.
Conclusion

Proposal 1: Adopt a Cartesian right handed coordinates system

Proposal 2: The orientation of the coordinates system with respect to the basestation shall be declared. It is left to the vendor to declare the coordinates system in a manner that best fits to their beamforming scheme.

Proposal 3: The declared coordinates system shall as far as possible ensure that maximum beam steering is along the planes of the coordinates system.
Proposal 4: If it is useful, for well known structures of basestation in which mounting, shape and beamforming axes align, include guidance in the 3GPP specifications on how to declare the orientation of the coordinates system.

Proposal 5: Use the term “reference steering direction” to refer to the direction from which steering is stated if this direction is declared and not fixed to phase progression or EIRP behavior.

4.
References
[1]

IEEE Std 145-2013, “IEEE Standard for Definitions of Terms for Antennas”, IEEE
[2]

N-P-BASTA White Paper, “Recommendation on Base Station Antenna Standards”, NGMN, 15-January 2013
3GPP


[image: image1][image: image4.png]Direction when zero phase
progression applied

Intended steering range

\
Preset default steering



[image: image5.png]Beam direction




