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1 Introduction:

This contribution presents some views on the “beam direction” concept.
2 Beam Direction Terminology

There is a plethora of terms and definitions used to describe the concept of “beam direction”, the following list is unlikely to be exhaustive:
· beam direction

· beam axis (defined in IEEE[1], but defined only for pencil-beam antenna)

· beam peak axis (defined in NGMN [2])

· beam peak direction (used in NGMN [2], not explicitly defined, seems to be a synonym for beam peak axis)
· beam-maximum direction (used in IEEE [1])
· beam pointing direction (used, but not defined in TR 37.842 v1.5.0 [3])
· boresight (defined, but not used in TR 37.842 v1.5.0 [3])

· electrical Boresight (defined in IEEE [1])

· beam steering direction (used in brackets in TR 37.842 v1.5.0 [3])

· half-power beam axis (used in NGMN [2])

· beam pointing/beam center/beam centre direction (used in brackets in R4-153768 [5])
· beam centre (defined in R4-153421 [6])

Not only is there a large number of terms; in addition there are two different basic concepts of what “beam direction” is supposed to mean:

· maximum/peak of the beam;
· centre of the beam.
For a beam whose shape is symmetrical and has a single main peak, these two concepts coincide; but in general there can be significant divergence between the directions implied by these two concepts. Neither of the two concepts is entirely satisfactory in all cases:
· The maximum/peak of the beam is straightforward to understand, but is unambiguously defined only if there is a single maximum (counter-examples can be found e.g. in [4], [6]); moreover if the beam e.g. resembles a flat top with ripple then, if determination of the maximum direction is based on EIRP measurements, a small EIRP measurement uncertainty can lead to a large uncertainty on the direction of the maximum/peak.
· Definitions of “beam centre” are less straightforward than the definition of maximum/peak and there are many possible definitions; on the other hand, definitions can be found that work for any conceivable beam shape.
Observation: There are plausible radiation patterns for which the beam maximum/peak is not well-defined. 

This observation is corroborated by the reasoning in NGMN [2] for the decision to use “center of 3 dB points” instead of “beam peak” in the definition of “Azimuth Beam Squint”; moreover NGMN [2] uses “half-power beam axis” instead of “beam peak axis” in their definition of “down-tilt angle”
Proposal 1: Requirements shall not impose the use of “maximum/peak direction” for manufacturer declarations.

If proposal 1 is accepted then which definition of beam direction shall the manufacturer use?

Proposal 2: Manufacturer can choose which definition of “beam direction”, possibly out of a finite set of definitions defined by RAN4, applies in the manufacturer declaration for a specific AAS product.
3 Conclusions

Proposal 1: Requirements shall not impose the use of “maximum/peak direction” for manufacturer declarations.

Proposal 2: Manufacturer can choose which definition of “beam direction”, possibly out of a finite set of definitions defined by RAN4, applies in the manufacturer declaration for a specific AAS product.
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