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1 Introduction
In RAN4#72bis papers  [2], [3] were presented to on the subject of minimum manufacturers declarations. A way forward [4] was attempted during the meeting time but failed to reach consensus.
It has been noticed that whilst trying to define the minimum set of declarations 3 things are being discussed.

1. The definition of the points in space.

2. What the declaration at each point should consist of.

3. The number of points in space at which the declarations should be made.

It seems that most of the disagreements are about point 3, and that different interpretations of points 1 and 2 often hamper the ability to reach agreement on popint1.

This paper therefore discusses points 1 and 2 so that the issues with point 3 can be more easily identified. 

It also uses the methodology presented to suggest a reasonable minimum set of points which describe the spatial capability of the AAS.
2 Discussion
The manufacturers declarations for beam definition apply to the OTA requirements, both EIRP and OTA sensitivity. The precise requirements are not discussed here but only the points in space at which those requirements are declared. It is possible that the DL and the UL have different coverage areas in which case they will have separate declarations. It is also possible that the form of the declarations for the uplink and the downlink are different. Hence only the downlink is discussed in this paper. 
2.1 Definition of points in space
The definitions section is currently also being drafted, one proposal to describe the system is as follows:
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Figure 1. Schematic of AAS DUT depicting beam steering directions,
The diagram shows 2 distinct mechanisms for coverage, which relate to 2 properties of the system. The beam width (defined in eazimuth and elivation) and the beam pointing direction (defined by pan angle and tilt angle).

Translating the coverage area into a 2 dimensional representation:
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Figure 2. Beam steering direction and coverage area 
The total coverage area is represented by the shaded area enclosed in the dashed blue line, this represents the area covered by the beam at the extreme of the beam pointing direction.

The green points represent the extent of the beam pointing direction and the black points represent the total defined coverage area.

It should be noted that:

The azimuth and elevation beam widths do not have to be the same (i.e. the beam is not necessarily round)

The beam width (azimuth and elevation) is not necessarily the same at all beam pointing directions.

The pointing direction maximum and minimums do not have to be symmetrical

The zero steering direction does not have to be in the centre it may be positions anywhere inside the steering window, subject to manufacturer’s declaration.
2.2 What the declaration should consist of

In terms of declarations this presents a number of options, there are 9 points highlighted showing the beam pointing direction and 8 representing the maximum coverage area. Clearly there is some redundant information in these points. So what would make a reasonable minimum set for declaration?
In [2], the existing approved text in the TR [1] on the subject of declarations was highlighted. It has already been agreed that

· The beam pointing direction shall be declared.

· The beam width shall be declared.

As the total coverage area can be calculated from this information then it is not necessary to make declarations of the points representing the total coverage area.

2.3 Minimum set of points

In the previous section it was highlighted that, the points representing the extent of the coverage area (black point in Figure 1) are fully defined by the declaration of beam pointing direction and beam width, then they do not need to form part of the minimum set. This leaves the 9 points representing the extent of the beam pointing direction. 

It is not clear however that the area covered by the beam pointing direction will be rectangular; hence the corner points as shown in Figure 1 may not always be present. It is perhaps more likely that the extent of the beam pointing direction will be similar to that of the element pattern (for example as used in the simulation assumption in [1] §5.3). This changes the picture of the coverage area considerably.
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Figure 3. Beam steering direction and coverage area (elliptical range of beam steering direction)
It can be seen when comparing Figure 1and Figure 2 that the max/min corner points have changed considerably but the points on the axis have remained in the same location. With the rectangular range of beam steering direction it is easy to join the corner points to find the declared range (and therefore usable range) of operation, However with ellipse it is not so clear as the corner points also no longer represent the maximum extent of the beam steering range in azimuth and elevation.
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Figure 4. Interpretations of declarations

Some of the interpretations of possible declarations are investigated in Figure 4. 

It is assume that the demonstrated range of compliance of the beam steering direction is defined by the straight lines joining the points.

Clearly the interpretation in (c) can be rejected as there are regions within the range of compliance which the system cannot operate.  (a) has declared the corner points of the ellipse, however it is not clear how these points are defined. In the diagram they are drawn on the same diagonals as were used for the rectangular coverage are in Figure 2, and it could be argued it is up to the manufacturer to declare them at whichever points on the ellipse best which best satisfy his requirements. If the declaration of the 4 corner points is arbitrary then clearly they could also be the axis points as shown in (b). Both (a) and (b) have a compliance range which is inside the intended range of the system, which from a specification point of view is acceptable.
Although 4 points is seen as a minimum set of corner points, it should be acceptable for the manufacturer to declare more if the range of compliance is required to be closer to the ellipse, this is shown in (d).

So a suggested minimum set of beam steering points for the declaration are:
The  Zero steering direction and a minimum of 4 beam steering directions which are joined by straight lines and whose boundary forms the range of beam steering direction covered by the declaration.

If the system is not capable of changing the beam steering direction then  this should be declared and a single beam steering direction is sufficient.
3 Summary
In answer to the 3 points posed in the introduction

1. The definition of the points in space.

The points in space for the declaration are those defined by the beam pointing direction.

2. What the declaration at each point should consist of.

The declaration at each point should consist of the beam widths in both azimuth and elevation. Each point is independent and may have a different set of declarations to the others.

3. The number of points in space at which the declarations should be made.

A minimum set of 5 points has been proposed to best capture the performance of the system.
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