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1 Introduction

During RAN4#72bis in Singapore, the topic of EIRP beam declaration was discussed and a Way Forward was provided [1]. The Way Forward was not approved during the Singapore meeting due to some questions existing. This document aims to clarify the proposal and in particular the relationship of the EIRP beam declarations and RDN configurations
The core part of the WF submitted to RAN4#72bis was as follows:

The EIRP accuracy requirement can be assumed to be met over a range bounded by a declared set of  points. The AAS implementation is shown to be compliant over the range by testing at a selection of a number of points at the extremes of the range and the midpoint of that range. The EIRP at each point shall be declared but may be different at each point. The EIRP accuracy requirement is demonstrated to be met by showing that the declared EIRP is achieved to within plus & minus XdB at each point. 
Definition of the maximum steering points, the number of them, and the area they represent is FFS .

Consideration of additional points is FFS.

If the requirement is met at each point by the AAS as a black box, without concern as to internal configurations in the AAS needed to meet the requirement at that point, is FFS. 

2 Discussion

Beam declaration and steering range

As agreed previously, the EIRP requirement is based upon declaring beams that a basestation is capable of generating together with the EIRP associated with the main lobe of each beam. Each declared beam has a beamwidth associated with it.
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Figure 1: Illustration of beam, beamwidth and EIRP
In AAS applications that rely on beam steering, the capability of the array to steer beams is a core property of the design of the array as outlined in [3], since design properties of the antennas, RDN and radios impact the beam steering accuracy. In order to capture the array steering properties, a maximum steering capability should be declared for each beam. Since steering will impact the EIRP and beamwidth, declarations should also be made of the EIRP achieved at the centre of the (steered) main lobe with maximum steering applied and the beamwidth with maximum steering

[image: image2]
Figure 2: Maximum steering in elevation domain (tilting) for a beam
Of course, for applications that do not rely on steering, there is no need to declare or test steering capability.

The requirement is then that the array is able to be able to meet the declared EIRP values both with steering and with zero steering applied to within a specified accuracy limit.

The EIRP requirement can be seen as setting (by means of declaration / conformance) a maximum steering capability for a particular beamwidth for the array. Applications may be operated with up to the maximum declared steering capability. The requirement does not imply the absolute EIRP that will be achieved at points in between the centre and maximum steering, but does imply that beamforming coherency and accuracy will be maintained.
During RAN4#72bis, a potential issue in relation to testability of the requirement with different “configurations” was discussed. In this context, the term “configuration” refers to the mapping of transmitters to antenna elements. In a generic AAS system, it is conceivable that beams with the same beamwidth could be created using different antenna elements in an array, and would then have differing steering properties. A very simple example is illustrated figure 3. In the figure, a beam is created using 2 elements. In the left hand part of the figure, the two elements are immediately adjacent to one another; in the right hand part they are separated. The beamwidth is the same in each case (note that the excitation needed to produce the beam will, however, differ between the cases). Obviously, this separation would increase the effective antenna spacing and impact the beam steering capability. Assuming that the elements would be driven by different radios and differing RDN components, the EIRP accuracy of a steered beam in each of the configurations could in theory differ too.

[image: image3]
Figure 3: Beam formed by 2 centre elements (left) and 2 edge elements (right) with the same beamwidth
To some extent, generating a beam using more than one configuration of radios as suggested in figure 3 could be seen as utilizing two different arrays (due to the differing antenna elements, antenna spacing and radios) requiring independent conformance testing. The issue raised at RAN4#72bis was, however that there could be a potential for switching antennas used for producing a beam in the RDN or in baseband, which could lead to a potentially large number of array configurations.
Whilst the theoretical possibility of being able to allocate a large number of transceiver to antenna mappings via a switchable RDN exists, the practical usefulness of taking into account such a system at the current stage could be questioned for several reasons:

· It is not clear why an arbitrary re-mapping of transceivers to antennas would be useful. RAN1 has begun to study FD-MIMO, which may generate a use case

· More importantly, switching within an RDN would inevitably involve nonlinearities, which would impact amongst other things radiated emissions. RAN4 has previously agreed to assume that the RDN is passive and linear; thus requirements are made on the basis that nonlinearities in the RDN will not lead to inconsistencies in the radiated and conducted emissions and power profiles

Despite these concerns, however it is desirable to make the specification as flexible and future proof as possible, such that at such stage as a flexible RDN is addressed, even if there is at that stage to re-examine emissions and other requirements, the EIRP requirement is flexible to the scenario, and also as an enabler for large arrays with fully baseband steered beamforming.
Furthermore, it is desirable that as much as is possible, AAS requirements can be applied to any type of basestation as a black box, without needing to be adjusted to take into account specific architectures.

Flexibility is achieved by means of defining the EIRP requirement in a manner such that, when the maximum extents of steering are declared, they are declared on a black box without taking into consideration what configuration of transceivers and antennas are used to meet each maximum steering extent.

The maximum extents of steering could be declared in the azimuth and elevation directions or a larger set of points. The requirement would imply that the array is capable of applying steering anywhere within the boundaries of the maximum steering extents, but not outside using whichever transceiver/antenna mapping is most suitable.

Figure 4 shows some examples of maximum steering points. In the left hand figure, maximum tilt and panning is declared. On the right hand side, the range of azimuth and elevations over which steering can be applied is for some reason irregular. Whether there is a need to consider irregular maximum steering patterns, or simply to declare maximum scanning and panning should be discussed further.
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Figure 4: Examples of maximum steering extents in elevation and azimuth
At the declared maximum steering points, EIRP and variation of beamwidth should be declared. 

EIRP, maximum steering and beamwidth variation should be declared for different beamwidths that can be generated by the basestation, as illustrated in figure 5.


[image: image6]
Figure 5: Different beams may have different maximum steering extents
As a minimum, beams corresponding to the minimum beamwidth and maximum beamwidth that the basestation may generate should be declared.
It is important to note that the range of declared steering angles is different to the downlink coverage area of the beam, the position of the main beam, sidelobes etc. The range of declared steering angles captures the range of positions to which the centre of the main lobe can be steered. If the main lobe is steered to any particular point, then associated with the specific steering there will be a coverage patter, lobe pattern etc. around the steered main lobe.

In this manner, an EIRP requirement can be defined that captures the ability of the basestation to accurately direct energy within a declared area and is not dependent on the basestation architecture.

It should be noted that for a first generation of AAS applications such as downtilt or sectorisation, the EIRP declaration would simply boil down to declaring a beamwidth, EIRP with no tilt and EIRP & beamwidth variation with maximum tilt. It is unlikely that the transceiver/antenna mapping would vary with steering applied, but in any case the requirement would be agnostic to the transceiver/antenna mapping
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Figure 6: Declaration for an AAS implementing downtilt
Proposal 1: For each beam, beamwidth, EIRP with centre steering, maximum extents of steering and EIRP & beamwidth variation is declared. The requirement is on meeting the declared EIRP points accurately. The requirement is agnostic to transceiver/antenna mappings

As discussed in previous contributions [4], our proposal for the EIRP accuracy requirement is 2.25dB.
3 Conclusion

Proposal 1: For each beam, beamwidth, EIRP with centre steering, maximum extents of steering and EIRP & beamwidth variation are declared. The requirement is on meeting the declared EIRP points accurately. The requirement is agnostic to transceiver/antenna mappings

A text proposal is presented in [2] for approval
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