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1 Introduction
In the last meeting (RAN4#82) a WF on OTA sensitivity [1] was agreed. Along with the previous WF from RAN4#81 [2], the OTA minimum sensitivity requirement is almost complete. 

In it was agreed that:

1) An equation such as the Elliott formula (final choice is FFS) is used to estimate the D value. The equation shall be chosen in such a way that it will never overestimate the directivity. An off peak margin of 3dB is used.

This paper once again studies the available antenna gain estimation formulas.

2 Discussion

We have studied a number of gain estimation equations, this was summarized in [2].

· Kraus[3]: 


D = 10*log10(41253/(ABW*EBW))
· Elliott[5]: 


D = 10*log10(23400/( ABW*EBW))
· Tai/Pereira[4]: 

D = 10*log10(72815/(ABW2+EBW2))
The formulas are very similar, Kraus and Elliot diffre only in the numerator used. Each was developed to be accurate for a diferent application. 

As we compared the formula to the range of BS scenarios an additional modified formula was made which provided the best fit for all the 3GPP cases. We named this 36000+ as it was based on the 36000 model. 

· 36000+ model:
D = 10*log10(36000/( ABW*EBW)+0.3)
The range of beam widths for a BS is quite large, the following were extracted form common antenna products:
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Figure 1.  Beam width combinations subjected to directivity estimate simulations.
The models were used to estimate directivity based on the cases shown in Figure 1
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).

[image: image2.png]Directivity estimate (dBi)

45

40

35

30

N
@

N
S

.
@

10

Directivity estimate comparison

%Y
Ko
XX X
XKy
EELET
KKTX
%
£
10 100 100§kX XlOg@OX

100000

# Krauss estimate directivity

® Elliott estimate directivity

K Tai/Pereira estimate directivity
A TR37.840 model directivity

© model 36000+

product of Azimuth beam width and Elevation beam width (degrees squared)





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

The 36000+ model offers the lowest error over all scenarios but it is not a previously published formula so is not as easy to defined as the other 2 formula’s.
As the condition “The equation shall be chosen in such a way that it will never overestimate the directivity” was agreed in the WF [1], it is clear the only formula which meets this requirement is the Elliot formula.

We therefore propose then Elliot formula is used to calculate D.

3 Summary

The results of comparing the antenna gain estimation formula’s against the actual directivity of a number of beam patterns which are commonly used for BS deployments have been presented once again.

Based on the condition “The equation shall be chosen in such a way that it will never overestimate the directivity” agreed in the last meeting. Only the Elliot formula meets this criteria.

The Elliot formula should be used to calculate D.
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