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1. Introduction

At the last RAN4 meeting in Spokane (NR-adhoc) a way-forward in [1] for how to define a reference coordinate system for NR BS and UE was agreed. In NR RF core requirement will be defined in the OTA domain for both BS and UE. To describe spatial characteristics in the OTA domain a reference coordinate system is required. The reference coordinate system is located in the close vicinity to the radiating aperture of the device in mind (e.g. BS or UE). Spatial angles related to impinging signal or radiated beams part of simulation model, requirements, declarations are referred to the reference coordinate system. 

This contribution continues the discussion on how to define the reference coordinate system for NR BS. 
2. Discussion

To proceed the development of radiated requirements for NR the discussion suggested a reference coordinate system is required for requirements defined in the OTA domain. The coordinate system will create the reference for spatial angles used for:
· Antenna array modelling describing the element factor and array factor
· Describing spatial angles part of requirement description
· Manufacturer declarations (e.g. OSDD)
· Test procedures part of conformance testing (e.g. definition of TRP)
Defining the coordinate system many aspects must be considered for different needs. As well as the coordinate system shall suit manufacture declarations, it does not make sense to re-write antenna models and definitions to fit RAN4 specific coordinate systems. 

To describe RF characteristics in the spatial domain in a three-dimension space a three-dimensional coordinate system is required. Very often a three dimensional right-handed Cartesian coordinate system with an ordered triplet of axis that are pair-wise perpendicular is selected as a foundation. The axis is referred to as x, y and z as shown is Figure 2-1.   

Since radiation properties often relates to surfaces which encircles part of or the whole surface around the radiating device, spherical coordinates are of great interest. In mathematics, a spherical coordinate system is a coordinate system for three-dimensional space where the position of a point is specified by three parameters; the radial distance of the point from a fixed origin, its polar angle measured from a fixed zenith direction, and the azimuth angle of its orthogonal projection on a reference plane that passes through the origin and is orthogonal to the zenith, measure from a fixed reference direction on that plane.

In coordinate system used in physics (r, , ) gives the radial, distance, polar angle and azimuth angle, as described in coordinate system Type 1 in Figure 2-1. This coordinate system is used as foundation for antenna theory when it comes to array antenna models, definition of TRP, description of EIRP(, ) and orientation of test objects. The Type 1 coordinate system is adopted as reference coordinate system for UE OTA requirements in 3GPP and CTIA.

In the discussion so far three different coordinate system types have been identified;

1. The coordinate system defined for antenna testing by IEEE in IEEE Standard Test Procedures for Antennas [3].

2. The coordinate system defined for AAS BS manufacturer declarations in TR 37.842, sub-clause 7.1

3. A modified IEEE coordinate system, where the  angle is adjusted to fit manufacturer declarations
For UE the coordinate system defined in IEEE have been used for a long time for UE OTA requirement defined in TS 37.144 and UE MIMO OTA testing defined in TR 37.977, Table E.2-1. This coordinate system works perfect for antennas where the spatial characteristics is not of main focus, such as omni-directional UEs. However, plotting antenna characteristics along the horizontal axis may cause confusion since the -axis will shift between 0 and 360 degrees at the x-axis.
For base station antennas, the  axis is typically shifted so  is going +/- around the x-axis making azimuth radiation diagram looking better. This change is the background for coordinate system Type 3.

When OTA requirements for AAS base station was developed a concept of declaring spatial parameters was introduced. The focus at that time was on wide area base station deployments, which resulted in a coordinate system where angles of interest was associated to down-tilt and azimuth angle was defined as going positive towards the positive y-axis, but negative towards the negative y-axis, as described in coordinate system Type 2 in Figure 2-1.

For omni-directional devices, such as traditional UEs, the Type 1 coordinate system is the most suitable. However, for devices utilizing array antennas operating at high frequencies, there could be reasons to describe angular ranges in which requirement should be met. In that case, it would be better to use the Type 3 coordinate system, where the -axis is changed compared with Type 1. The concept of having  being defined +/- around the x-axis is a concept used for passive base station antennas for a long time.
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Figure 2-1: Candidates
In AAS/eAAS a concept of having multiple coordinate systems have been used. For antenna modelling in TR 37.840 and TR 37.842 one specific coordinate system was used (similarities with Type 1), while for specification and manufacturer declaration another coordinate system was used (Type 2). The Type 2, coordinate system is suitable for BS wide area deployments, which have been in focus for AAS/eAAS.

The big challenge for RAN4 is to find a coordinate system that can be used generally for both BS and UE. According to the agreed way-forward that was not possible. Instead it was decided that RAN4 should follow the following approach:
1. UE

As baseline for NR UE the coordinate system used for UE OTA and UE MIMO OTA is reused. This coordinate system is equal to the one defined by IEEE [3] for general antenna testing. This coordinate system is visualized in Figure 2-1 as Type 1.

2. BS 
RAN4 needs to choose from Type 1 or Type 2.
Using Type 1, for base stations are beneficial for modelling array antennas and re-using expression and definitions from antenna theory and literature. However, for classical Wide Area BS deployments where the beam is tilted towards the ground the Type 2 may work better for wide area base station declarations. The classical Wide Area BS deployment is a very common one, but it is expected that for NR AAS BS, especially the one operating at high frequencies coverage will be provided in two dimensions at angles over the horizon, which would mean that it would be more natural to change the  angle to follow the elevation angle instead of down-tilt. 
3. Conclusion

RAN4 needs to carefully consider what coordinate system to use as reference for models, declarations, requirements and test procedures.
Observation:

In AAS/eAAS we are using two different coordinate systems. Type 2 is used for manufacturer declarations in TSs and Type 3 is used for modelling and parameter definitions in TRs.
Observation:
Different type of base station deployments may require different type of coordinate system as reference for manufacturer declarations. 

Proposal 1:

For NR base stations use coordinate system Type 1 as reference coordinate system for antenna models, simulations and definition of figure of merits.
Proposal 2:

For NR wide area base station, the manufacturer declared parameters to use reference coordinate system Type 2.

Proposal 3:

For NR, per base station class consider which reference coordinate system fits the purpose best for manufacturer declarations. 
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