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1 Background
In RAN4#74 in Athens, Huawei submitted a contribution [1] highlighting that the lobe shape is generally not symmetrical around the  direction of the electrical bore sight during steering. It further gave an example of a relevant lobe shape where the electrical bore sight is not unambiguous during steering. It was in the contribution suggested that the beam pointing direction, which is the currently used term to define beam direction, should be re-defined to be the mid direction between the half power directions. However, there was not time enough to treat the contribution in Athens.

In RAN4#74bis in Rio de Janeiro, there was no corresponding contribution, but off-line feedback suggested:
· The term beam pointing direction is already used as a synonym to the electrical bore sight outside 3GPP. It may cause confusion to redefine it in 3GPP.

· The electrical bore sight is an easy to understand concept, and the direction of the mean power is not necessarily of any greater interest. Therefore the terminology and the concept should be kept.

Whilst both points would appear reasonable at first, the ambiguity of the current direction definition does not go away. This contribution represents a renewed effort to explain the ambiguity issue, and propose a remedy.
2 Introduction

Two much related phenomena were described in [1]. Both these phenomena are related to the simple fact that the lobe shapes can be described as the multiplication of an array factor (due to coherent combining of multiple elements in an array, and an element factor, representing the radiation properties of the individual elements in the array [3]. (This simple description is only directly applicable exactly if the radiation from each of the elements is identical.) 
One phenomena is that (assuming steering is made only with the array factor and that the elements possesses a directivity) is that whilst the array factor may point in the steering direction, the element factor keeps pointing in the original direction and therefore the electrical bore sight will steer short of the array factor steering. This can be compensated by over steering the array factor, but the result is still that due to the big difference in element gain on the two sides of the array steering direction, the electrical bore sight is not symmetrically placed between the 3dB delimiters of the beam. 

This issue raises the issue of what the beam pointing direction signifies: Two general suggestions have been made: Either the beam pointing direction is coinciding with the electrical bore sight direction. In this case, the average power direction is steered more than the direction of the requirement. The other suggestion for the direction referred in the requirement is somehow the centre of the beam area (also called the solid beam angle), which for rather general conditions (dominating main lobe) can be set to equal to the centre of the half power contour of the beam. In this case, the average power is closer the direction where the requirement applies but the electrical bore sight direction as it is now defined is pointing closer to the zero steering direction than the requirement.
Both suggestions are unambiguous in this case, and they will be testable requirements in both cases. (Obviously, the electrical bore sight variant represents an easier EIRP accuracy case since the EIRP variation per angle (in the main lobe) is lowest at the electrical bore sight.
There is however a (relevant) lobe shape (or group of lobe shapes) where the electrical bore sight direction does not move contiguously with array steering (but the centre of the half power direction contour does). This represents the second phenomena, which shall be investigated in the next section. 
3 Lobes with intentional ripple
The case where the main lobe has an intentional ripple was also briefly described in [1], but seems not to have caught the eyes of the readers, judging by the received comments. In figure 1 below, is an example of an azimuth lobe shape suitable for illuminating a triangular area such as a sixth o hexagon.
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Figure 1, A lobe with intentional azimuth  ripple, designed for covering a triangular area. Left in a linear diagram and right, in polar.
It can be noted that due to the ripple, there are two equal intensity directions, either of which may represent the electrical bore sight (or beam pointing direction), as pointed out in the normalised azimuth radiation pattern in figure 2. If the steering direction would be distinguished by the direction of the the centre of the  beam area, (here denominated “beam centre” so that at least the first bullet in clause 1 above can be honoured),  the direction would be pointing at theta = 0°.
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Figure 2, Normalised azimuth diagram showing a lobe with intentional ripple. The two arrows point out the two potential electrical bore sight directions, separated by approximately 50°.
Steering this lobe (actually the array factor) 5° in positive theta direction results in the diagram shown in figure 3. The diagram is normalised to the antenna directivity (as in figure 2) to show the electrical bore sight more clearly.
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Figure 3, Azimuth diagram normalised to the antenna directivity . Array factor is steered 5° in theta direction. A single electrical bore sight is distinguised at -20° azimuth (Arrow).

If the negative theta had been taken as the beam pointing direction, the resulting steering had been a positive 5° steering, whereas if the positive theta (right arrow in figure 2) had been taken as a the beam pointing the effective steering would be recorded as an abrupt steering of approximately -45°. The “beam centre” points at 5° azimuth.
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Figure 4, Azimuth diagram normalised to the antenna directivity . Array factor is steered -5° in theta direction. A single electrical bore sight is distinguised at 20° azimuth (Arrow).
In Figure 4, the array factor is steered -5° in azimuth.

Now, if the negative theta had been taken as the beam pointing direction, the resulting steering had been a positive 45° steering, whereas if the positive theta (right arrow in figure 2) had been taken as a the beam pointing the effective steering would be recorded as a steering of approximately -5°. The “beam centre” points at -5° azimuth.

This can be depicted in a directions diagram
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Figure 5, directions diagram depicting the beam pointing directions (orange and green crosses) and beam centre directions (red crosses) for three steering conditions. 

The two outer crosses (one green and one orange) depicts the beam pointing direction at 0° azimuth array steering of the above described array. The centre red cross shows the beam centre direction at this setting. The beam delimiter is the half power directions. (This is estimated, as the simulations are only made for azimuth. In reality, the delimiter will not be a perfect ellipse, and the shape will change somewhat during steering.) 
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Figure 6, directions diagram depicting 0° azimuth array steering .Beam pointing directions (orange and green crosses) and beam centre direction (red cross).
When the array is steered 5° in azimuth direction, the red cross and the beam delimiter moves accordingly. The inner yellow cross becomes the steering direction defined by the electrical bore sight. 
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Figure 7 directions diagram depicting 5° azimuth array steering .Beam pointing direction (orange cross) and beam centre direction (red cross).
When the array is steered -5° azimuth direction, the red cross and the delimiter moves accordingly, and the inner green cross becomes the steering direction as defined by the electrical bore sight.
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Figure 8 directions diagram depicting -5° azimuth array steering .Beam pointingdirection (green cross) and beam centre direction (red cross).
There exists thus instability in the current definition of the beam pointing direction used for the EIRP accuracy requirement. The beam pointing direction makes an abrupt switch when passing 0° azimuth I the positive direction, from 25° to -25° in this particular case (and vice versa in the opposite direction). 
This applies in principle to the whole class of beams with intended ripple. As the application of different beam shapes is yet to be developed extensively, it is important not to exclude this class of beam shapes by the definition of requirements already at the infancy of the AAS BS specification efforts. Therefore it proposed that the EIRP accuracy requirement shall be applied at the declared beam centre direction instead of at the beam pointing direction.
4 Beam centre direction
The beam centre as defined by the centre of the beam area (or beam solid angle) is a bit complex to determine. However, under the fairly general condition that the side lobes are small, the beam area can be estimated as the angular difference between the half power delimiters, and hence the beam centre can be well estimated as the geometric centre of the beam half power delimiter contour as shown in a directions diagram. This contour represents a cut at three dB below the electrical bore sight of the main lobe.
It can be discussed whether 3 dB is the appropriate level for the cut. The small side lobes condition may not be completely fulfilled, and a slightly lower level of the cut could be an appropriate compensation. That would also allow for slightly more ripple than 3 dB while maintaining the beam cut a simply contiguous area. However, in the absence of a particular level, the 3dB delimiter is proposed to be the delimiter.
5 Conclusion
· The EIRP accuracy requirement is currently defined to apply (and be tested) in declared beam pointing directions.

· The beam pointing direction risks being an ambiguous definition. 

· The EIRP accuracy requirement is therefore proposed to apply (and be tested) in declared beam centre directions.
· The beam centre is defined as the geometric centre of the area described by the half-power directions in a directions diagram.
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7 Terminology
The terminology used in this contribution is taken from TR37.842. and [4]
Additional explanations of terms can be found below:

Beam area

The same as beam solid angle in [4]
Beam centre
The geometric centre of the beam half power delimiter contour as shown in a directions diagram.

Directions diagram
A Cartesian diagram showing azimuth on the x axis and elevation on the y-axis.
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