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1.
Introduction
In the ongoing AAS discussion regarding the “radiated transmit power” requirement, characteristics of transmitted beams are suggested to be part of the manufacturer declarations. As part of the requirement beam-width is agreed to be a manufacturer declaration. 

So far no details regarding how main beam-width shall be defined for an AAS base station even though a definition of beam-width is included in section 3 of TR 37.842. 

Unlike a passive antenna, it is reasonable to believe that an AAS base station will generate beams controlled along polar angles  and  by means of digital beam forming, instead of passive beam-forming along one axis and digital beam-forming along the other axis. It is also expected that the steering angles for AAS base stations is far larger than seen for traditional passive macro base stations. As a consequence the definition of beam-width must be expanded to cover two spatial axes to be applicable for AAS RF core requirements and base station manufacturer declarations. 
2.
Discussion
The main beam is the region around the direction of the expected maximum radiation or centre of a radiation contour as described in [1]. The side lobes are smaller beams that are away from the main beam. These side lobes are usually radiation in undesired directions which can never be completely eliminated. In Figure 2-1 an example radiation pattern contours for a tradition passive base station antenna is plotted, where the beam is centred at (, ) = (0, 100) degrees. Side-lobes under and above the main beam is visible. Due to the down-tilt the upper side-lobe contour area is larger than the lower side-lobe, which is expected.
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Figure 2-1: Example radiation pattern

For the beam in Figure 2-1 the main beam beam-width along the -axis is 64 degrees and the beam-width along -axis is 8.4 degrees. Other power thresholds than -3 dB can also be used to define the beam-width. This is typically the case if the beam is distorted with a main beam ripple. Another commonly quoted beam-width is the Null-to-Null beam-with. This is the angular separation from which the magnitude of the radiation pattern decreases to zero in linear scale which corresponds to negative infinity dB in logarithmical scale away from the main beam.  
Traditionally the beam-width is referred to as the Half Power Beam-Width (HPBW), which is the angular separation in which the EIRP radiation pattern decreases 3 dB below the maximum value. It is common to associate beam widths to a specific radiation pattern cut along -axis or -axis. For the generic two dimension case, shown in Figure 2-1, the -3 dB level can be described as a contour. In the figure the radiation pattern is plotted as a contours corresponding to -3, -6, -9 and -15 dB. The contour curve of the distortion less main beam has the shape of an ellipse or if the beam is symmetrical a circle. If the main beam is distorted the contour can take any shape, as shown in a companion contribution about beam pointing direction [1]. 

Currently a definition of half-power beam-width is captured in section 3 of 37.842 as:

Half Power Beam-width: in a radiation pattern cut containing the direction of the maximum of a lobe, the angle between two directions in which the radiation intensity is one-half the maximum value.

If the reference coordinate system declared by the base station manufacturer is aligned with the expected deployment scenario the contour ellipse will be aligned in a manner where the major axis aligns with the -axis. For wide area base station it is reasonable to believe that that is the normal case, however for other base station deployments scenarios where the contour is not aligned with -axis may exists. 
According to Figure 2-1 it can be noted that the beam-width is dependent on how the reference coordinate system is oriented with respect to the actual beam characteristics. This means that a beam could have different beam-width depending on the declaration of orientation of the reference coordinate system. In the case where the reference coordinate system spherical axis don’t align with the beam contour ellipse major and minor axis, the manufacturer needs to provide additional information about how the beam-width is defined.

IEEE has taken a pragmatic view in Standard for Definitions of Terms for Antennas [2] where the beam-width definition is not attached to the reference coordinate system:
Beam-width: For a pattern the major lobe of which has a half-power contour that is essentially elliptical, the half-power beam-widths in the two pattern cuts that respectively contain the major and minor axis of the ellipse.
This definition fits the purpose for declaring beam-widths for beams as part of radiated transmit output power requirement for AAS base station. 
To summarise, the beam-width characteristics declared by the base station manufacturer is described by two angles corresponding to major axis and minor axis of a -3 dB radiation pattern contour ellipse.

3.
Conclusion

The beam-width is one parameter to be declared by the base station manufacturer as part of complying to “radiated transmit power” requirement for AAS base stations. Traditionally beam-width is referred to a single radiation pattern cut (very often cardinal cuts). For the purpose of manufacturer declarations RAN4 needs to find an extended definition of beam-width for the need of the newly introduced requirement for AAS base stations. 
For very exotic beams or beams with main beam ripple a vendor will always be free to provide more information. For some very exotic beams, this definition may not be sufficient but it is good for mainstream cases and in some cases, it would be clear what to declare and other information could be provided alongside.
A suitable definition and a pragmatic way forward for the beam-width definition part of radiated transmit power declarations is following the IEEE definition for “principal half-power beam-widths”.
Proposal:
In section 3 of TR 37.842 update current definition to include following:
Beam-width: For a pattern the major lobe of which has a half-power contour that is essentially elliptical, the half-power beam-widths in the two pattern cuts that respectively contain the major and minor axis of the ellipse.
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