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1. Introduction

At the last RAN4 meeting many text proposals for TR 37.842 for was approved. A review of the latest merged TR was conducted. In the merged version an editorial comment in sub-clause 7.2.2 pointed out that the beam definition was not in line with definitions in sub-clause 3.1. A correction to align the introduction text in sub-clause 7.2.2 was done. 

The concept of declared beams for AAS base station is new for the industry and therefor it is suggested to develop and improve the text in sub-clause  7.2.2 following the newly introduced requirement for radiated transmit power.

At the end of this contribution a text proposal with some improvements of the introduction text in sub-clause 3.1 and sub-clause 7.2.2 is attached. It is suggested to approve the text proposal before the TR is put in change control.
2. Discussion

The spatial radiation characteristics of passive antennas and active antennas are described by means of radiation patterns in the far-field region. Uniform radiation in all directions would be obtained only with an isotropic radiation, which however not can be realized for a particular polarization and is therefore only suitable as a reference for e.g. radiated power defined as EIRP. Through history terminology have been develop to describe basic properties of radiation patterns associated to antennas with directive properties. 

When examine radiation patterns with directive characteristics, it must be distinguished whether the field strength or the power is shown versus the spatial angle. While spherical or polar coordinates are frequently preferred as they are more illustrative, Cartesian diagrams in logarithmical scale mostly provide much more detailed and accurate representation of radiation characteristics. For AAS base stations with a directive antenna function it is preferable to use radiation patterns plotted as logarithmical power versus spatial angle in Cartesian diagram. The diagrams can be plotted as two dimension diagrams or as a one dimension cut for  and  angle separately. 

In Figure 2-1, a typical -cut radiation pattern for a base station is plotted. The region described by the peak radiation is referred to traditionally as the “Main beam”, but lately in literature also known as the “Main lobe”. The lower peaks are referred to as “Side lobes”. Side lobes exist in a lower region above the main beam and in a lower region under the main beam in a one dimensional radiation pattern cut.
For array antennas the radiation is created as a result of super positioning, where many field strength contributions from individual antenna elements are added together at a distance away from the antenna aperture.  In cases where large steering angles are provided through the excitation of an array antenna, the level of the side-lobs could be larger than intended main beam. This is due to the phenomenon called “grating lobes” which are associated to how close the elements are located to each other in terms of wave lengths. In Figure 2-1 a grating lobe is visible as the highest side-lobe at the left side. The ability to suppress side-lobes is determined by the array geometry and element radiation characteristics of a specific array antenna design.   
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Figure 2-1: Radiation pattern cut

For AAS base stations, the requirement for radiated transmit power is based on manufacturer declarations of EIRP and corresponding parameters, such as beam pointing direction and beam width.  

A concept called “beam” is introduced to capture directive aspects of radiated transmit power. A beam or beams is declared by the base station manufacturer. 
In the current version of TR 37.842 the following text is stated:

In sub-clause 3.1:
beam: A beam (of the antenna) is the main lobe of the radiation pattern of an antenna array.
NOTE: For a certain AAS BS antenna array, there may be more than one beam.

The description is captured in sub-clause 7.2.2:
A beam (of the antenna) is the main lobe of the radiation pattern of an array antenna. An AAS BS beam is created by means of superposition of the signals radiated from different parts of the AAS BS array antenna.
A cell specific beam is an AAS BS beam which is intended to facilitate communication to all UEs within a cell.

A UE specific beam is an AAS BS beam which is intended to facilitate communication to a specific UE or a specific group of UEs.
In sub-clause 7.2.2 the definition is repeated in the first sentence. However, the fact that an AAS BS most certainty will support multiple beams is not captured in this section of the text. Also, the fact that beams are declared by the base station manufacturer is missing. 
3. Conclusion

After review of the last version of TR 37.842 a text proposal with improvements to sub-clause 3.1 and sub-clause 7.2.2 about the introduction of AAS BS beams have been created. It is suggested to more clearly describe the concept of beams and their relation to a main beam, directions and other declared parameters. 
4. References

[1]
R4-166420, “TR 37.842 v1.12.0”, Huawei
[2]
IEEE Std 145-2013, “IEEE Standard for Definitions of Terms for Antennas”, IEEE
[Text proposal]
3.1
Definitions

beam: a beam (associated to an AAS BS) is the main beam described with a declared set of parameters.
NOTE: For certain AAS BS antenna array, there may be more than one beam.
main beam: the region of the radiation pattern containing the direction of the maximum radiation.
[The end of text proposal]
[Text proposal]
7.2.2
Beam definitions

For AAS BS a beam  is referred to a transmitted main beam described with a declared set of parameters. . An AAS BS beam is created by means of a superposition of the signals radiated from all or a selected sub-set of array elements in the antenna array. 

A cell specific beam is an AAS BS beam which is intended to facilitate communication to all UEs within a cell.

A UE specific beam is an AAS BS beam which is intended to facilitate communication to a specific UE or a specific group of UEs.

Each beam direction pair is associated with half-power contour of the beam centre direction and a beam peak direction. The EIRP is declared at the beam peak direction. The beam centre direction is used for describing beam steering.
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Figure 7.2.2-1: Example of beam direction pair.

In Figure 7.2.2-1 left sub-figure shows a symmetrical beam where beam centre direction and beam peak direction are the same. In Figure 7.2.2-1 right sub-figure shows an example of a beam with ripple where the beam centre direction and the beam peak direction are different.
For an AAS BS 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 pair.

·  The EIRP accuracy directions set.
· Four further beam direction pairs 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 beam direction pair)

·  Beamwidth (one beamwidth per beam direction pair)

NOTE: If an AAS BS is not capable of beam repositioning in one or both directions, any of the maximum steering directions may be the same as the reference beam direction.
The term “maximum steering direction” refers to maximum repositioning capability of the beam centre direction of the beam by any means, and makes no assumption about the type of implementation.

[The end of text proposal]
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