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1 Introduction

The AAS EIRP requirement has been progressed in recent RAN4 meetings, with many of the issues for the AAS core part being decided. Two outstanding issues remain outstanding:
· The value for the accuracy requirement itself

· The applicability of the requirement at non zero steering angles, and whether there is a need to address this applicability as part of the core requirements

The first open issue is dealt with in companion contributions [1]. This contribution deals with the question of the applicability of the requirement and declaration of multiple steering angles.

2 Beam steering and its relationship with array performance
Beam steering has been viewed as one of the core applications for AAS systems. Cell specific beam forming can be used for applications such as variable downtilt, carrier or RAT specific downtilt, cell shaping and sectorisation. User specific beamforming can be used to realize the SINR increase and interference reduction potential of a large array, or for spatial multiplexing.

In the most simple form, beam steering can be achieved by applying a so-called phase progression to antennas. The phase progression may involve transmitting the same signal but with different phases from multiple transceivers, as described in the following equations:
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In the above equations, 
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 describes the far field pattern from the antenna array and wn are phase weights applied to each transceiver. 
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 is the radiation pattern from the individual sub-modules driven by each transceiver.
For an array with a 1:1 mapping of transceivers and antennas, the phase progression required at each transceiver in order to steer the beam with a steering angle θc are straightforward to calculate based on the radiating element positions (yn, zn):
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In addition to phase progression, an amplitude tapering may be applied. Amplitude tapering implies somewhat different transmit power from different antennas and transceivers. Amplitude tapering can be used to trade off beamwidth with suppression of sidelobes.

In a more general case, amplitude and phase can be set in order to achieve specific beam shapes.

The term beam steering applies to the process of applying phase progression and potentially amplitude tapering in order to direct a main lobe of a beam at away from the electrical “boresight” of the antenna array.

It should be noted that there are other potential AAS applications that do not rely on steering. These include antenna switching and e.g. TM4 MIMO.

When beam steering is applied, at least two significant effects occur. The “Spatial sampling” of the beamforming pattern causes a second lobe, known as a grating lobe to be radiated.
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Figure 1 Example of grating lobe with increasing downtilt
The impact of a grating lobe is indicated in the figure above. With no steering applied, a single lobe is visible. With increasing steering, an increasingly large second lobe is seen. This second grating lobe will both create undesired interference and reduce the EIRP available in the main lobe.
The size and position of the grating lobe depends on the element spacing (and may also to some degree depend on the design of the antenna shape). Close antenna spacing demands places higher demands on integration of antennas and electronics and is also likely to lead to increased coupling between antennas. Thus in designing an array a trade-off must be found between antenna spacing that is narrow enough to reduce grating lobe effects and wide enough to avoid coupling and allow for physical construction of the array.
Unless the antenna spacing is extremely close, then steering angles of more than a few degrees can lead to significant grating lobe radiation. This has the potential to cause undesired interference around the antenna system.
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Figure 2: Grating lobe. The green pattern exhibits a large grating lobe when steering is applied
A second effect is that the loss of energy to amongst other things grating lobes, combined with the beamwidth of the antenna elements causes the EIRP that is delivered into the main lobe to decrease as a function of increasing steering angle
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Figure 3:  EIRP drop in with increasing downtilt and different element separations
The figure above shows directivity reduction considering different antenna spacing. A spacing of 0.5 lamda leads to little directivity drop. However the risk for coupling and the demands on the mechanical design and integration are increased. For larger separation, the directivity drop becomes significant. The figure clearly indicates how the physical design of the array impacts radiated EIRP. 
A third effect is that, depending on the element separation, the beamwidth can change when steering is applied; in particular if there is a need to apply amplitude tapering in order to control sidelobe levels. The beamwidth and the need for amplitude tapering will depend on array properties such as element separation and beamwidth.
Another effect of applying steering is that the polarization can become rotated and the cross polarization ratio changed.
3 EIRP requirement with beam steering
As discussed in the previous section, the EIRP that is achieved with beam steering is impacted by properties of the physical array design. These properties are not captured in the declaration and testing of EIRP with no steering applied. (In addition to EIRP, other factors such as beamwidth, sidelobe levels, polarization orthogonality etc. also differ for beam steering dependent on the physical array design).

The dependence of EIRP on steering and properties of the physical layer design suggests that in order to properly capture the properties of the AAS, the requirement on EIRP should be applied both with no steering applied and with the maximum amount of steering applied that the array is designed to provide. The maximum amount of steering will depend on array design, and thus the specification should not capture a specific expectation of a maximum steering angle, but rather that the declared EIRP is met at the centre of the main lobe at a declared steering angle.
The figure below indicates the principle of declaring at zero and maximum steering range. In this example, a beam is declared 3 times (with associated EIRP and beamwidth for each declaration); once with zero steering and with maximum steering in each direction. If the array is symmetrical, declaration of a beam with steering in only one direction in the same plane may be sufficient. On the other hand, if steering can be carried out in both the horizontal and vertical planes, then a beam should be declared with maximum steering in each plane.
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Since the beamwidth and EIRP will depend on the amount of steering, beamwidth and EIRP should be separately declared when steering is applied and when steering is not applied.

Details of the declaration are for the performance part, however the core requirement is to meet a declared EIRP with a maximum designed steering applied.

Proposal 1: The core requirement to meet a declared EIRP should be applied both with zero steering applied and with a declared maximum designed steering applied. EIRP and beam properties should be declared separately for the with / without steering beams.
A caveat to this proposal is that for systems that are not intended to perform electronic beam steering (e.g. systems operating TM4 MIMO, or antenna switching), the requirement should not be applied with a “maximum designed steering”. This should be fairly apparent, since for such an array the operation of the array is different to steering and thus the maximum designed steering range will be zero.

4 Conclusion

The ability to radiated power in the correct direction when steering is applied depends on physical aspects of the array and radio design. These properties are not captured when the requirement is applied for zero steering only. The core requirement should thus be applied at zero steering and maximum designed steering (by means of declaring beams at zero steering and maximum designed steering)

Proposal 1: The core requirement to meet a declared EIRP should be applied both with zero steering applied and with a declared maximum designed steering applied. EIRP and beam properties should be declared separately for the with / without steering beams.
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