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1 Introduction
In the current TR text [1] and in contributions discussing OTA declarations [2]

 REF _Ref408477873 \r \h 
[3], the term beam width is used extensively without being rigidly defined. Half power beam however width is defined as:

Half Power Beamwidth: in a radiation pattern cut containing the direction of the maximum of a lobe, the angle between two directions in which the radiation intensity is one-half the maximum value.

The general impression of beam width is that it is the half power beam width.
This definition is sufficient when the beam is symmetrical. However when steering the beam it is likely that at the beam shape is no longer symmetrical around the boresight - especially at extreme steering angles. 
It is therefore necessary to have a more robust definition of the beam delimiters so that the requirements can be understood in an unambiguous way.

It is proposed that, where a direction is defined using the beam width, the term “half-power direction” shall be used instead.
The “beam width” would remain the angular distance between the two half-power directions in a radiation pattern cut (normally Elevation or Azimuth). This term can still be used for purposes where no directions are referred to.
2  Discussion
When looking at the linear array which has been used for the bulk of simulations in the TR the final beam shape can be seen to be the sum of the array factor and the element pattern.
2.1 Simple beam patterns

When the array is used to generate narrow beams then a simple single beam is formed by the array factor, assuming the array elements are excited with equal power then the beam width is dependent on the geometry of the antenna. These beams are the type we have been concentrating on in the AAS simulations up to this point.
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Figure 1. 10x4 Array beam plot – zero steering.

When the beam is centred as in Figure 1 the 3dB beam width is 14.2°, this is unambiguous as the main lobe is symmetrical with the upper 3dB point being at 7.1° and the lower 3dB point being at -7.1°.

If the beam is steered it is no longer symmetrical.
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Figure 2. 10x4 Array, Array factor steer azimuth 20° (actual steer 18.9°)

A number of things can be observed:
· The boresight of the composite radiation pattern main beam is not the same as that of the Array factor.
· The beam is no longer symmetrical around its boresight.
In the example given the array factor is steered by 20deg. The radiation pattern boresight  is at 18.9deg.

The beam half power directions are at 11.8deg and 26.5deg respectively or -7.1deg and +7.6deg. A total 3dB beam width of 14.7deg.
This highlights the problem with the current way beam width is defined. The above beam pattern would have a definition of:

· Beam centre = 18.9deg

· 3dB beam width = 14.7deg

This would be interpreted as 11.55deg to 26.25deg which is not correct.

Hence to better describe the beam shape and performance both upper and lower half power directions should be defined. 

It can also be noted that the current proposed definition for beam pointing direction is not suitable for this beam shape:

Beam pointing direction: The intended direction in the manufacturer defined coordinate system, representing the direction to which the maximum total radiation density is transmitted.  

In order to define the beam in Figure 2, the beam pointing direction needs to be redefined. The obvious definition is that the beam pointing direction is the mid-point between the two half power directions.

New definition:

Beam pointing direction: The direction in the manufacturer defined coordinate system, representing the direction of the centre of the main lobe as defined by the mid-point between the lower and upper half power directions. 
The beam in Figure 2 is hence described by the following:
· Bore site = 18.9deg

· Half-power directions (relative to bore site)
· Lower 3dB point = 7.1deg

· Upper 3dB point = -7.6deg

· Beam width = 14.7 deg.

· Beam pointing direction = 19.15°

2.2 Other beam patterns

It is likely that other beam patterns will be synthesized using the array. An obvious example may be that a fixed cell pattern may be required for reference signal and the narrow high gain beams used for user specific beams inside the cell.

Wide beam patterns may be generated from the array buy a number of means. Illuminating a single column is one way, this would generate a beam shaped exactly like the element pattern, but would have no means of control.

Another way is to use the array to synthesis a wide beam pattern as follows:

[image: image3.emf]-150 -100 -50 0 50 100 150

-30

-25

-20

-15

-10

-5

0

5

10

azimuth plot

theta (deg)

directivity (dB)

 

 

Composite

element pattern

Array factor


Figure 3. Azimuth pattern 4x10 array, Quadratic phase distribution Φmax=0.8π

This beam shape is a likely usage of the AAS and so the definitions and terminology used must be suitable for this beam as well.

By inspection we can see that the beam centre is at 0°, the beam is symmetrical and it has a beam width of 90°.

However it must be noted that the beam pointing direction (or beam centre) is not the same as the direction of maximum directivity. 

The beam in Figure 3 is hence described by the following:

· Bore site = -31.1° and/or +31.1°

· Half-power directions (relative to bore site)
· Lower 3dB point = -45°

· Upper 3dB point = 45°

· Beam width = 90°

· Beam pointing direction = 0°
This definition can also be applied to a non-symmetrical beam
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Figure 4. Elevation pattern 4x10 array, Quadratic phase distribution Φmax=π, 20° tilt on Array factor

The direction of maximum directivity is 103°, under current definition this would be the bore site. The lower half power direction is 99.6° and the half power direction is 119.4°. The beam width is hence 119.4-99.6 = 19.8°.

The beam pointing direction 99.6+(119.4-99.6)/2=109.5°. There is nothing notable about this point on the response other than it is the centre of the two 3dB points.

· Bore site = 103°

· Half-power directions (relative to bore site)
· Lower 3dB point = -3.4°

· Upper 3dB point = 16.4°

· Beam width = 19.8°

· Beam pointing direction = 109.5°
3 Summary
It has been shown that when steering the main lobe, using electrical beam steering, the radiation pattern becomes non-symmetrical.
Under these conditions the current definition of beam width using a single value is ambiguous. To further define the beam the half power beam direction have been introduced.
It is also seen that when steering the beam and when more complex beam patterns are synthesised the direction of maximum directivity and the centre point of the beam are not the same. The definition of beam pointing direction has been modified to cover this scenario.

The following definitions are proposed.

Boresight: Boresight (of a beam) is the direction of maximum radiation in a beam. {already in TR repeated for clarity}

Half Power Beamwidth: in a radiation pattern cut containing the direction of the maximum of a lobe, the angle between two directions in which the radiation intensity is one-half the maximum value. {already in TP repeated for clarity}

Half-power directions: Upper and lower directions where directivity has dropped to 3dB below its value at the boresight.

Beam pointing direction: The direction in the manufacturer defined coordinate system, representing the direction of the centre of the main lobe as defined by the mid-point between the lower and upper half power directions. 
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