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1 Introduction
In RAN4#80bis the subject of estimating an equivalent antenna directivity for an AAS system was discussed. The use of and source of an equation which had been proposed in a number of papers was questioned. Whilst the derivation of the equation has been documented it was some time ago so this paper summarizes the work done and the background behind the suggested method.
2 Discussion

The methodology behind estimating an equivalent receiver directivity based on declared values was first discussed in RAN4#73 where [1] was presented. Below is a summary of that work:

There are a number of documented equations which use the horizontal and vertical beam widths to estimate directivity, of these the following were studied:

· Kraus [2]: 


D = 10*log10(41253/(ABW*EBW))
· Elliott [4]: 


D = 10*log10(23400/( ABW*EBW))
· Tai/Pereira [3]: 
D = 10*log10(72815/(ABW2+EBW2))
In addition a 4th equations was introiduced which was identified as a compromise, which gave a better estimation of directivity for teh range of beam widths which were likely for a BS. This was names 3600+ model (based on teh 3600 model with an offset)
· 36000+ model:
D = 10*log10(36000/( ABW*EBW)+0.3)
The models were used to estimate directivity based on beam width for the following, which were considered as a reasonable range for a BS.
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Figure 1.  Beam width combinations subjected to directivity estimate simulations.
The result for each of the estimate equations was plotted against the x-axis used was the product of the 2 beam widths (degrees squared).
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Figure 2. Directivity estimate comparison
The Tai/Parreira estimate was dropped at is clearly not suitable.

Finally examining the error compared to the actual directivity (by the integration of the beam pattern),was calculated and again plotted against the product of the beam widths.
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Figure 3. Directivity estimate error

It is clear that the estimates all perform better when the beam widths are small (high directivity), the Krauss estimate over estimates the directivity (this would result in a more strict minimum EIS requirement) and the Elliot estimate underestimates the directivity (this would result in a easier minimum EIS requirement).

As each of the estimate equations are essentially a process of curve fitting the range of beam widths to which they are applied, the ‘36000+’ estimate was specifically designed to meet this data set and minimise the error for the data set investigated.

It has a maximum error of ±0.5dB.

In subsequent papers on the subject the ‘36000+’ estimate was used when discussing estimating equivalent directivity. Whilst this offers the most accurate of the estimates we have studied if alternative methods are suggested we are happy to discuss using alternatives.

3 Summary
This paper is presented in response to questions on the source of the equation used to estimate directivity using the beam widths of the main lobe. It summarizes the work done in previous papers and explains why the ‘36000+’ model has been used.
As this work was presented for the REL13 AAS WI where it was eventually decided that a minimum EIS requirement was not needed (as the conducted reference sensitivity was still applied) it has not perhaps been discussed sufficiently. Whilst the estimate equation presented seems to offer the best performance alternatives methodologies are encouraged. 
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