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1 Introduction
In the core requirement the directions of beams which need to be declared for conformance have been identified. It has also been stated that multiple beams may be declared.
If an AAS is capable of many different beams then it is reasonable that for compliance a ‘worst case’ set are declared and tested. In a similar approach to the set of directions identified already.

This contribution provides some analysis of what is required and offers out opinion on a reasonable minimum set of declarations.

2 Discussion
2.1 Identifying a beam as unique for purposes of declaration

It was agreed in the TR [1] that beams are declared with the following information:

For an AAS beam, the following parameters that belong to the beam are declared:
· A beam identifier.
· A reference beam direction pair, including reference beam peak direction and reference beam centre direction.
· A maximum EIRP achieved in the beam peak direction when the beam direction pair is set to the reference beam direction.

·  The EIRP accuracy direction set.

· Four further beam directions at the maximum steering directions, where the maximum steering direction is the beam direction pair associated with the maximum beam centre steering direction. (selection of these 4 maximum steering directions is described in section 7.1.4)

· For each of the four further beam direction pairs at the maximum steering directions

· Maximum EIRP achieved in the beam peak direction (one EIRP per beamdirection pair)

·  Beamwidth (One beamwidth per beam direction pair)

From this it is suggested that the parameters which make the beam unique are:

1) Its beamwidth at the reference beam direction (the beam widths at the extreme direction are a consequence of the reference beam direction beam width and the steering so are not needed to uniquely identify the beam.

2) Reference direction EIRP – again EIRP at other directions is assumed a consequence of the reference direction EIRP and the steering. Note the unstated assumption is that the TRP for the same should be the same in all directions – maybe this should be stated.
3) The range of steering – however it is already stated that this will be declared for each beam.

In order therefore for a beam to be unique and require a separate declaration the 3 things listed should differ.

Looking at each of these

2.1.1 Beamwidth at the reference beam direction. 

This could be fixed, could change in discrete steps or be variable between 2 extremes.  It is also notable that beamwidth actually exists in 2 orthogonal directions hence maximum beam width is not a single number. The definition of beamwidth is:
beamwidth: the angles describing the major and minor axes of an ellipsoid closest fit to an essentially elliptic half-power contour of a beam.

It is reasonable that in the discrete step or the variable beam width scenario that the conformance test identifies the worst case beam width and requires both a full declaration and test point for only these. For beamwidth the narrowest and the widest beam are reasonable extremes to consider for this.

It can be noted also that it is not certain that the widest (or narrowest) beamwidth in ϕ (BWϕ) value will occur at the widest (or narrowest) beamwidth in θ (BWθ)  value. This gives rise to a number of ‘corner’ cases:
1) narrowest BWθ, narrowest BWϕ (possible when narrowest BWθ) at the reference beam direction

2) narrowest BWϕ, narrowest BWθ (possible when narrowest BWϕ) at the reference beam direction

3) Widest BWθ , widest BWϕ (possible when widest BWθ) at the reference beam direction

4) Widest BWϕ – widest BWθ (possible when widest BWϕ) at the reference beam direction

It is possible that 1 and 2 are the same and also that 3 and 4 are the same, clearly if they are this becomes only 2 cases. It is also possible that 1 and 2 do not identify the highest EIRP case (if narrowest BWθ and narrowest BWϕ cannot be achieved simultaneously then the beams with the highest EIRP may occur at a different beam width. Hence a 5th 

5) BWθ and BWϕ which provide highest possible EIRP at the reference beam direction.

2.1.2 Reference direction EIRP

The EIRP of the beam could be operated at lower power – this could be regarded as a separate beam or the same beam at a lower power. It is perhaps not necessary to make the distinction as it is the highest EIRP which is of interest. Hence there is no need to make declarations for beams other than those at max EIRP. 
2.1.3 Range of steering

It is already stated that the beam is made unique by the parameters at the beam reference position. If the performance at the reference direction is the same then the extreme steering directions should be unique – Hence each unique beam will have a set of unique extreme steering directions. No further declarations other than those defined are required.

2.2 Resources

EIRP requirements are system requirements and apply to the OTA performance of the declared beams. In this respect the nature of the hardware generating the beams is not important. If every possible implementation of beam were part of the conformance declaration the HW implementation would be of no importance. However in identifying the worst cases for conformance testing it becomes necessary to use the HW implementation to identify those worst cases.

Borrowing 2 case 1 and 2 form [2]
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Figure 1. Implementation example 1 and 2 

It is assumed that the each different colour transceiver unit group in example 1 is not phase coherent with the other groups.
In this example consider each AP in Figure 1 to be a beam. Differences to highlight are:

· Both examples have 4 beams, however in example 1 if only 1 beam were on then the transceiver units generating that beam would be working at max power. In example 2 if only 1 beam were on the transceiver units generating it would be operating at ¼ power. The 4 beams in example 2 are share resource, whereas the 4 beams in example 2 do not.

· Another difference between the 2 is that example 1 cannot generate a single beam (of 4x the power) as the transceiver units (or transceiver unit groups) are not phase coherent (that is the intention of the example anyway). However in example 2 the transceiver units are phase coherent and are capable of generating a single beam of max power.

· Assume the TRX unit to antenna element mapping is 1:1. The sub arrays on in example 1 would be smaller than in example 2. So the 4 beams generated in example 1 will have a smaller aperture and hence wider beam width so they may have the same total power as in example 2 but not the same EIRP.

A system of minimum declarations is needed that will ensure the correct worst cases are identified for both types of system. A suggested method to achieve this is:
Identify and declare the beam which has the highest EIRP and does not compete for resources

Example 1 this would be all 4 beams – if they are identical (by declaration) only 1 would need to be declared and tested.

Example 2. This would be none of the beams identified in Figure 1, but would be a single beam (which would be both narrow and of high EIRP). If the resource were share to generate 4 beams then the behavior of each would be the same but the power would be lower and hence not necessary as a declared beam.

Wider beams could be generated by example 2 by either:

· Synthesizing a wide beam using all transceiver units – in which case this would use all transceiver units and hence they would not be competing for resource so would be the beam to declare

· Use a subset of transceiver units and hence antenna elements – this would result in a wider beam but also a lower TRP (EIRP would be of course lower because the beam is wider). 

The means of identifying the worst case beam for the conformance declaration works in all cases.
3 Conclusion
The minimum sets of unique beams which require conformance declaration are based on the declared beamwidth and EIRP.
The required beams shall have the highest possible EIRP and do not compete for resources at the following extremes of beam width:

1) narrowest BWθ, narrowest BWϕ (possible when narrowest BWθ) at the reference beam direction

2) narrowest BWϕ, narrowest BWθ (possible when narrowest BWϕ) at the reference beam direction

3) Widest BWθ , widest BWϕ (possible when widest BWθ) at the reference beam direction

4) Widest BWϕ – widest BWθ (possible when widest BWϕ) at the reference beam direction

5) BWθ and BWϕ which provide highest possible EIRP at the reference beam direction.

Note. Extremes of beamwidth are only required if different.
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