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1 Introduction
In RAN4#74 the issue of the range of the EIRP requirements was discussed. A WF [1]was attempted but was not accepted as it was not significantly different situation to the existing WF from RAN4#73 [2]. The open discussion seems to summed up accurately however as:

Option 1:

The EIRP accuracy requirement is only valid at these points

Option 2:

Within one or more areas (i.e. a 2D range of beam pointing directions) bounded by these points, EIRP accuracy is met. For this option, the following is FFS:

· Whether the vendor provides the EIRP profile or at least a minimum EIRP within the beam range
· How the range of steering angle combinations for which the requirement is applicable is defined:

· By means of joining the declared points with straight lines when projected onto an x-y axis, and assuming that all steering angle combinations enclosed by the lines that the BS is capable of are subject to the requirement

· By means of joining the declared points with ellipses

· By means of a vendor declaration of the steering angle combinations for which the requirement is applicable

· The impact of the above bullets on the accuracy

Option 1 is clear enough and requires no more investigation. Option 2 however requires further investigation as to its feasibility.

One of the problems with defining a range of steering angles for which the EIRP accuracy is met, is the fact that the expected EIRP value (to which the accuracy is applied) varies as steering is applied. Hence if the expected EIRP value is not known then how can accuracy be said to apply to it?
The sub bullets of option 2 all describe different ways which the EIRP values at steering directions  inside the declared maximum steering directions can be either interpolated or declared.

This paper further investigates the performance of the AAS at steering angles consisting of both azimuth and elevation steering using 3D analysis rather than the usual (simplified) method of looking at the azimuth and elevation cuts separately.

2 Discussion

The 4x10 element array defined in [3], was used. The maximum steering directions in azimuth and elevation were selected as the points where the EIRP at beam centre had dropped by 3dB.

The data being examined here is not the beam shape, but is the trace of the bore sight gain as the beam is steered. The resulting shape looks similar to a beam but is not. Lack of terminology often results in this being called a beam shape which leads to confusion. Hence the following term is suggested.
Beam Trace – Trace of  beam bore sight directivity over range of beam pointing directions, this may be a continuous trace or discrete points depending on AAS capability.

The beam trace in Azimuth and elevation for the 10x4 system is as follows:
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Figure 1. Beam Trace for 10x4 array between ±3dB.
The data given in Figure 1 is on the azimuth and elevation cuts only. When discussing beam shapes the assumption that the combination of the 2 dimensional cuts is sufficient to describe the beam in 3 dimensions. However it has not been shown that the same assumption can be used for the beam trace data.
The actual 3 dimensional beam Trace (and hence the bore sight value) is generated by using the superposition of all the elements in the array on points around the sphere at each of the steering angles in the range.

The 3 dimensional beam trace generated from the 2 dimensional cuts is generated by adding the directivity of the azimuth and elevation cuts. Both of these can be seen below:
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Figure 2. 3 dimensional beam trace data, full 3d and 3d from 2d cuts.

The 2 plots in Figure 2 look similar, however when the contours are plotted the difference is more clear:
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Figure 2. beam trace contours, full 3d and 3d from 2d cuts.

The full 3d analysis of the beam trace shows a more rectangular shape than the analysis from the 2d cuts. The errors in the 2d assumption are hence greatest at the corners as can be seen in the plot of the error.
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Figure 3. Error in 3d Beam Trace.

The error is zero in the axis (as expected) and greatest at the diagonals. The size of the error is significant also, 1.5dB at its greatest is a large value compared to the expected EIRP accuracy performance (probably in range 2-3dB).
The beam trace when steering in 2 dimensions (azimuth and elevation) can hence not be predicted from the beam trace data from the azimuth and elevation cuts alone.

Any declaration is of course a limited data set, points in between the declared points will always be subject to interpolation between the points. The greater the number of points then the smaller any error due to this interpolation (unless the achievable steering angles are discrete and a full discrete data set is given).

If the data is required in 2 dimensions of course doubling the resolution of the given points will square quadruple the number of points in the declaration.

Hence if the beam trace data is to be declared and is subject to the EIRP accuracy requirements (option 2 bullet 1), there will be a trade off  between the number of data points in the declaration. It would seem reasonable to attribute an acceptable interpolation error term to the EIRP accuracy model to account for this.
2.1 EIRP at beam pointing direction in general
In existing non-AAS systems, the EIRP is calculated with the output power (subject to an accuracy requirement in xx.104), knowledge of the installation losses, and the radiation pattern provided by the antenna manufacturers. The antenna pattern is not currently within the scope of the 3GPP requirements or conformance testing, but of course is provided by necessity.
The AAS has the added dimension that the beam may be steerable, this ability and its effect can be represented by the beam trace data as shown in Figure 2. To allow EIRP estimation it is also reasonable to expect that this information is provided to the operator/cell planners whether mandated or not as with the non-AAS it is a necessity.
In the 3GPP requirement we do not wish to mandate any requirements on beam shape or beam trace shape, but that EIRP accuracy is maintained in any use case for which the AAS is intended.

It is clear that there is no single way of providing a reduced set of beam trace data with a robust methodology to interpolate or calculate the values at other beam pointing directions. 

This leaves the following options:
1. EIRP accuracy is only defined in 3GPP at the declared points – In conjunction with product data on the beam trace shape this provides the information required
2. Some form of standard interpolation or calculation – This will provide information at the necessary points however the error introduced will require the accuracy requirement to be increased, once again this may mean that predicted EIRP value for the AAS will not be as good as for non-AAS

3. Provide the full beam trace data (or a manufacturer specified way of calculating it) for any beam pointing direction the AAS is intended to be operated in. 

It seems that option 2 is not feasible as there is no robust way to predict the EIRP at points in between declared points with any guaranteed accuracy. 
Option 1 and option 3 in reality provide the same amount of information, the only difference being that the beam trace data is either provided either within 3GPP as a declaration (option 3) or as part of the product data. 

In both cases the intention that only the extreme points defining the range are part of the conformance testing.

So in reality there is no difference in the likely information provided with option 1 or 3. 

3 Summary
In order to avoid obvious confusion between the beam shape, and the shape of the EIRP at bore site as it is steered, a new term has been suggested:
Beam Trace – Trace of  beam bore sight directivity over range of beam pointing directions, this may be a continuous trace or discrete points depending on AAS capability.

Means to represent the beam trace of a 10x4 element array using reduced data sets have been investigated it has been shown that there is no accurate method of representing the beam trace data and hence the full data set is required.

It has already been agreed that only the extremes of the beam trace need be part of the AAS conformance, hence the difference between full declaration of the beam trace data within 3GPP or as part of the product data are mainly academic as the data will have to provided anyway.

It seems reasonable that once the beam trace data is provided that it be required to be within the accuracy requirement, however as the 3GPP specification shows only a minimum level of performance it is sufficient to have shown compliance at the extremes.

Hence option 1 offers as much confidence in AAS EIRP performance as is available with existing non-AAS systems and in combination with sufficient product descriptions (outside 3GPP) can be used.
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