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1.
Introduction
At last meeting (RAN4#74bis) discussions about basic parameters part of OTA requirements for AAS base stations was extensively discussed. Vital parameters related to spatial characteristics needed to define OTA requirements are not fully aligned, which results in confusion and misunderstandings during discussion. To be able to settle the discussion about radiated transmit power and OTA sensitivity some basic terminology must be established. Parameters related to directions such as beam-pointing direction and AoA requires reference to a coordinate system aligned with the base station. Reviewing the AAS WI draft TR it is clear that beam pointing direction as part of radiated transmit power requirement must be defined properly. In the NGMN whitepaper [2] about passive base station antennas some terminology has been established. The fundamental definitions regarding coordinate systems, etc. can be used for AAS base stations. However, transmit radiated power and OTA sensitivity defined by RAN4 is new and aspects related to those is not captured in NGMN and IEEE. RAN4 needs to adapt and develop proper terminology for AAS RF core requirements and conformance test requirements. Also it is clear the usage of bore-sight in the TR is misleading and not aligned with IEEE [1] antenna terminology. As a basic rule we prefer to define parameters that’s needed for current OTA requirement avoiding creation of an overworked and unclear specification. 
2.
Discussion
In the AAS discussion it is clear that basic definitions such as beam-pointing direction, bore-sight, zero-steering or other parameter related to directions are not aligned. To be able to define directions in the context of OTA requirement a coordinate system is required. In the earlier mentioned “white paper” from NGMN, performance criteria relevant for passive base station antennas, by making recommendations on standards for electrical and mechanical parameters are described. Very often for passive base stations the beam can be controlled in one dimension (via Remote Electrical Tilt (RET)). With multi-column systems, the beam can be controlled in two dimensions. The document gives guidance for traditional passive base station antennas operating with few static main beams. An AAS base station will operate with multiple beams with different characteristics, some beams will be semi-static while other beams will be created per TTI controlled in two dimensions. Furthermore, in advanced AAS base station orientation, antenna element placement and beam steering axis may not align with mechanical mounting structure or absolute horizontal/vertical as is often the case for passive antennas. Thus, not all definitions from NGMN are directly reusable. To be able to describe electrical down-tilt characteristics provided by RET functionally, NGMN defines a Cartesian right-handed coordinate system. 
It can also be noted that according to terminology used in NGMN and IEEE, the following basic terminology is given: 

· The main beam is the major lobe of the radiation pattern of an antenna. The main beam peak axis is the direction, within the major lobe, for which the radiation intensity is maximum. 
· The mechanical bore-sight or antenna reference axis is the axis orthogonal to the antenna aperture.

Regarding the main beam definition it is in-line with definitions for AAS base station captured in TR 37.842, however the usage of bore-sight is not consistent.
Both radiated transmit power and OTA sensitivity is based on knowledge of spatial characteristics, which means that directions related to the base station is part of the requirement definition. RAN4 needs for radiated transmit power define beam pointing direction and for OTA sensitivity define range of angles of arrivals. A coordinate system is required to capture spatial aspects for RF core requirements. The coordinate system may be declared by the base station manufacturer and/or captured in the AAS specification as guidance.
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 orthogonal to the antenna aperture, according to figure 2-1. This coordinate system could be captured in the TR/TS as a description of an appropriate coordinate system.
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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).

With a defined reference coordinate system parameters such as beam pointing direction and AoA. These parameters are crucial parts of OTA requirements and manufacturer declarations. In RAN4 two ways of defining beam pointing direction have been identified:

1. Beam pointing direction: the direction corresponding to the intended main beam peak EIRP.
2. Beam pointing direction: the direction defined as the line which is intended to bisect the angle between the intended half power directions in two orthogonal radiation pattern cuts.

In case 1, where the beam-pointing direction is defined as the direction where 
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. No association to any radiation pattern cut is required. 

In case 2, where the beam-pointing direction is defined as the line which is intended to bisect the angle between the intended half power directions in two orthogonal radiation pattern cuts. The half power (-3 dB) directions are related to the peak direction. 
For simplicity a horizontal radiation pattern cut is analysed in figure 2-2. In this figure the beam width is approximately 110 degrees. The main beam is distorted with ripple, which makes the peak direction to be approximately 30 degrees, while the mid-point direction is approximately 2 degrees.
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Figure 2-2: Mid-point versus peak direction
For wide beams, ripple can occur at the main beam. As shown is figure 2-2, the difference between mid-point beam direction angle and peak direction is more than 30 degrees. In this case the peak direction is not really relevant for coverage and deployment applications, instead it is better to use the mid-point direction. However, with respect to radiated transmit power requirement the declared peak direction and EIRP level will give a calibrated point at the radiation pattern. Assuming the radiation pattern is supplied as additional information, the radiation pattern and radiated transmit power will together give all information needed for coverage planning. The -3 dB points are related to a radiation pattern cut (in this case the horizontal cat) and peak-direction. 
For the generic case where a beam can be controlled in both  and , the definition based on mid-point requires that two orthogonal radiation pattern cuts are created along the peak direction. The -3 dB point can be found by plotting contours of the main beam. The contours in Figure 2-3 is referred to -3 dB, -9 dB and -15 dB relative the EIRP peak level. Notice that the beam is tilted down a few degrees. 
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Figure 2-3: Beam contours
According to draft requirement text [3] and radiated transmit power the base station manufacturer declares the direction related to the declared EIRP level per beam. Since the beam pointing direction is declared by the base station manufacturer the beam pointing direction can be seen as a description of a direction with respect to a coordinate system. For this requirement it is sufficient to use the direction of a beam determined by the peak value. If new requirements are introduced in addition to current radiated transmit power and OTA sensitivity where characteristics in terms of beam quality is included, other more complex definitions of beam pointing direction may be required. However at the moment for radiated transmit power the peak direction is of interest. It is therefore suggested to define the beam pointing direction as the direction where maximum EIRP of a beam is found. 
It have been noted in the discussion that bore-sight is used in an ambiguous way. According to IEEE [1] there are two meanings in which bore-sight can be referent to: electrical bore-sight and reference bore-sight.  
Electrical bore-sight: The tracking axis as determined by an electrical indication, such as the null direction of a conical-scanning or mono-pulse antenna system, or the beam-maximum direction of a highly directive antenna.
NOTE: For electronically steerable-beam-antenna systems, the electrical direction changes to follow the major lobe and/or the mono-pulse null direction while the reference bore-sight remains fixed.
Reference bore-sight: A direction established as a reference for the alignment of an antenna. See electrical bore-sight.

NOTE: The direction can be established by optical, electrical, or mechanical means.
The electrical bore-sight is for AAS related to the direction of the main beam. The reference bore-sight is for AAS related to the y/z-plane of the array antenna in an AAS. RAN4 needs to sort out these ambiguities in TR 37.842.
Currently there is no need to define a fixed relation between the coordinate system and earth horizon and gravitation, as explained in a companion contribution [4]. It is for the manufacturer to declare the orientation of the reference coordinate system in the mounting interface plane, as long as the x-axis is perpendicular to the mounting interface plane. With respect to AAS the reference bore-sight is equal to the x-axis direction, while the electrical bore-sight is similar to the beam-pointing direction. It is therefore suggested that RAN4 should use the term beam-pointing direction and reference bore-sight, where reference bore-sight is the direction of the x-axis.   
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Figure 2-4: Beam pointing direction and reference bore-sight
3.
Conclusion

This contribution elaborates around some basic AAS parameters and their relation to reference coordinate system. As background information the definitions in IEEE and NGMN has been considered. Since AAS base stations are likely to evolve to become more complex products with different characteristics to passive antennas, there are no definitions that can be adopted right away, since IEEE and NGMN is somewhat focussed on current beamforming and antenna technologies. However, we suggest using the definition of bore-sight.
As beam pointing direction for radiated transmit power we suggest to use the maximum EIRP direction as base for beam pointing direction. 

Our preferences regarding the reference coordinate system is that RAN4 should capture a Cartesian right-handed reference coordinate system in the TR as a descriptive reference in section 3.
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