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1 Introduction
In RAN4#75 the issue of beam direction and the characteristic of a beam such a direction referred to was raised in [1]. During the discussion of the document during the meeting, there were concerns raised that the new definition may not solve the highlighted issue and that such a definition was not required for the EIRP requirement as all that is needed is a value at a specific direction.
We reiterate that the issue raised was due to the ambiguity which exists if the peak EIRP is used to describe the steering direction of a beam. This paper attempts once again to highlight how this may occur.
2 Discussion

In [1] a synthesized wide beam was used to show how using the peak EIRP value as an indication of the steering direction may yield ambiguous results.
When the beam is narrow and at maximum directivity (either equal phase applied to all elements or an even phase progression for steering) then the peak EIRP direction and the bema centre are almost identical as can be seen in Figure 1and Figure 2 below:
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Figure 1. Narrow beam steered from -15 ° to +15°
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Figure 2. Narrow beam steered from -15 ° to +15°, a) peak direction and centre direction,  b) Directivity

The direction of eirher the beam peak directivity )(EIRP) or the direction of the beam centre can be referred to as a steering direction indicator. These are both plotted in Figure 2a) against the array steering factor. Figure 2b)  uses the steering direction indicator (vertical axis in left hand plot) as the horizontal axis and plots the directivity (EIRP) of the beam at each of the steering direction indicators. In this case beam centre and beam peaks are practically the same thing so there is very little difference between the two.
Another reasonable beam shape which may be required is a wider beam (the narrow directional beam may be a UE beam and the wide bema for cell coverage or cell beam), this may be generated in many ways but one method is to synthesize a wide beam using phase weights. If the same process is applied to a synthesized wide beam then the highlighted ambiguity can be seen:
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Figure 3. Synthesised wide beam steered from -10 ° to +10°
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Figure 4. Synthesised wide beam steered from -10 ° to +10°, a) peak direction and centre direction,  b) Directivity

It can be seen in Figure 4a) that if the beam peak EIRP is used as the steering direction indictor then there are a number of instances which have the same value. For instance in this example there are 3 cases (not counting the fly back) which could be described as having a peak EIRP steering direction of 0° (where the array steering factor is approx -9.5°, 0° and 9.5°).  When the beam centre direction is used as the steering direction indicator however there is no ambiguity, each steering direction is unique, in addition it much more reasonably represents the intended steering direction. The effect of this ambiguity and how it can lead to problems can be seen in Figure 4b) each steering direction represented by the peak has a number of different directivity (EIRP) values, whereas once again the beam centre directions have unique directivity values.
Point 1: There are reasonable implementations where beam Peak EIRP is not suitable to represent the beam steering direction.
It has also been pointed out that there may be implementations where the beam centre may not be suitable to represent the beam direction.

Such an example may be a null filling pattern where the pattern is not symmetrical and has large lobes placed on one side of the main lobe.
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Figure 5. Example of null fill beam pattern and beam steering detection definition

In such as system beam definitions could become confused, in the (hand drawn) example there 2 possible ways which could be used to describe the beam pattern,  either a single main beam with beam width1 and 2 large side lobes, or a single non-symmetrical wide beam with beam width 2.  It is perhaps more useful in this case to know the direction of the main lobe as the side lobes are being used for fill in below this, hence the direction of the max EIRP is more useful than the centre of the beam (as defined by beam width 2).

Point 2: There are reasonable implementations where peak EIRP is more suitable to represent the beam steering direction.

3 Summary

It has been shown that there are reasonable implementations which require different parameters (beam centre or beam peak) to represent the beam steering direction.

As the EIRP requirement for the AAS represents a declared EIRP value at a declared direction it is perhaps not important if that point is either beam centre or peak EIRP.  However it is important that the direction indicator is unambiguous, as single direction has a single EIRP value.

So

· The direction indicator should be unambiguous, i.e. a single direction has a single EIRP value. This may be:
· The intended direction of the max EIRP for the beam.

· The Beam centre (geometric centre of the area described by the half-power directions in a directions diagram).

· Any other defined direction indicator agreed - FFS

It is perhaps not necessary to declare if the direction declared is the beam peak direction or the beam centre direction, however n a similar way that the beam width is declared for each beam whilst not strictly necessary it seems likely that this information will be of use so the nature of the declaration is clearer. Whether to include the type of declaration in the declaration is FFS.
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