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1 Introduction
Over the last several meetings papers have been presented on generating OTA requirements and tests for AAS. There seems to be consensus that the work done in REL12 and 13 on ACLR indicates that the requirement (and subsequent test) can be based on a TRP ratio of the wanted in-band power to the adjacent channel power [1]

 REF _Ref456603677 \r \h 
[2].

It therefore seems like it will be necessary to measure the total radiated power of both:

· the wanted signal -which has known correlation and beam pointing parameters.

· and the adjacent signal – whose correlation parameters and beam pointing parameters are unknown, although as it is in band the performance of the antenna array elements are known.
In order to know the TRP theoretically it is necessary to measure the power in every direction from the antenna, or to know the antenna pattern in every direction (the full spatial pattern) and measure the power in 1 direction. However this effectively amounts to the same thing.
Before fixing core requirements it is important that we have some idea if those core requirements can be measured in a way which is not overly complex or time consuming.

This paper investigates how TRP can be measured using the direction based ranges which have been identified in the REL13 AAS WI [3]. It may also be possible to measure TRP using reverberation chambers, this is not excluded but it is considered a separate subject.

2 Discussion

Generally passive antenna patterns (and also AAS antenna patterns) are presented in as two 2 dimensional cuts across the full 3d sphere. In AAS we have used the spherical coordinates and
The orientation of these coordinates is depicted in the following figures. is the angle in the x/y plane and it is between the x-axis and the projection of the vector onto the x/y plane and is defined between -180° and +180°, inclusive.  is the angle between the projection of the vector in the x/y plane and the vector and is defined between -90° and +90°, inclusive.
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The phi axis (often used to represent elevation) and the theta axis (often used to  represent azimuth) are presented independently of each other.
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In the given example the total directivity is 24.65dBi (1.58 dBi from the elevation pattern, 12.07 dBi from the azimuth pattern). This directivity is calculated by integrating the power of each 2d pattern independently and adding the result together.
In reality of course the pattern is 3d and the directivity is based on the integrated power over the whole sphere.
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The integrated directivity of the 3d pattern is 24.66dBi which is practically identical to the value when the 2 cuts are investigated separately.

This is perhaps as expected as the antenna industry has been using this method for a long time to represent directivity.

However this is perhaps a simplified case:

The antenna is rectangular and the elements regularly spaced.

The beam is coherent and perpendicular to the array.

In AAS this may not always be the case so it is important to understand if the 2 cut assumption holds up under more complex cases.

2.1 Beam steering

Steering the beam is one of the important parameters of an AAS, hence it is important that if the 2 cut approximation is used then it should also be valid when the beam is steered.

For example a 10deg azimuth and 20deg elevation tilt gives the following results:
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2D directivity calculation = 23.6dBi

3D directivity calculation = 23.1dBi

It seems the 2D cut assumption has introduced a 0.5dB error.
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Finally if elevation and azimuth steering are applied at the same time the error is:
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Steering in both dimensions at the same time offers no more error than the sum of the error of steering in theta and phi independently.

It is odd that the error in theta and phi is not the same (error in theta seems much greater). In this case it may be explained by the fact that the beam is much narrower in theta (as the array investigated in 10 elements in theta and only 4 in phi). Hence errors due to the sample points not finding the beam peak are more pronounced.

3 Summary
This paper has briefly investigated the difference between a full 3D integration from every point of the sphere vs. only looking at two 2D cuts across the sphere. 
When no steering is applied to the beam the results are identical, however small errors are introduced as the beam is steered, the results seem to imply that the narrower the beam the greater the possible error.

When the beam is steered in both dimensions however the error is the sum of the error in each dimension, so the existing worst case steering directions seem to be sufficient.

Only a linear rectangular array was studies, and the cuts were in line with the major axis of the array. Whilst it seems the assumption is valid for these type of arrays more study may be needed to see if the assumption holds for different scenarios.
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