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1 Introduction

During previous RAN4 meetings, it has been agreed that the EIRP accuracy requirement shall be based on meeting the declared EIRP for beams declared with zero steering and with maximum declared steering on orthogonal axes [1]. On each axis, it is assumed that where a lower amount of beam steering is applied than the declared maximum, then the EIRP accuracy requirement will be met
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Figure 1 Illustration of maximum declared steering and extent of EIRP accuracy validity in one dimension
Declaration is made and OTA testing performed at up to 5 points. However an array may be used to steer a beam with other combinations of steering on each axis than those declared. To complete the description of the EIRP requirement, it is necessary to clarify what assumptions can be made about the combinations of steering on both axis can be applied such that the EIRP accuracy requirement will continue to be met.
Apart from meeting EIRP accuracy, another aspect of beamforming is that beam steering will cause the EIRP to drop with progressively larger amounts of steering, as illustrated in figure 4. The EIRP drop is dependent on implementation and thus it is preferable to declare the achievable EIRP separately for the cases of zero steering and maximum steering. At maximum steering, the declared EIRP, even if different to that at zero steering can still be met with the required accuracy.
Two potential means to define a region of validity during RAN4#73. One is to declare and test maximum steering on each of the orthogonal axes when steered independently and to draw straight lines between the declared and tested points. It is assumed that any combination of steering that, when plotted, would fall within the area enclosed by the lines would have a predictable (to within the accuracy requirement) EIRP.
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Figure 2 2D figure showing declared maximum azimuth / elevation steering and region in which EIRP accuracy is valid
The second method is to declare the maximum amount of steering that can be applied on both axes simultaneously. Again, straight lines are drawn between the 4 declared and tested points and it is assumed that any combination of steering on the two axes which, when plotted, lies within the enclosed area will have predictable EIRP at the centre of the main lobe.
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Figure 3 2D figure showing declared maximum combined azimuth & elevation steering and region in which EIRP accuracy is valid
2 Discussion

EIRP accuracy may decrease when increasing steering is applied to an array. The mechanisms behind any decrease may be several. One reason could be directivity drop with increasing steering (due to grating lobes and element factor pattern) leading to greater relative uncertainty. Other reasons may, depending on implementation, include altering amplitude weightings, differing transmitter mappings etc. The underlying reasons behind changing EIRP accuracy are likely to be very related to the specific array design and sources of EIRP inaccuracy and may be difficult to predict.
Apart from decreasing EIRP accuracy, the absolute EIRP is also likely to decrease with increasing steering due to effects such as scan loss and element pattern. During RAN4#73, the possibility of including scan and element loss into the EIRP accuracy was discussed. If the factors would be included into the EIRP accuracy, then a single EIRP value would be declared and maximum steering would be the point at which the scan loss and accuracy combined becomes greater than the EIRP accuracy requirement. Inclusion of these factors is not beneficial however, since the scan losses are implementation dependent and the size of the predictable scan loss for some implementations may be much larger than the EIRP accuracy for other implementations. Instead, it is preferable to declare EIRP accuracy separately with zero steering and with maximum steering applied, and require the basestation to be able to meet the appropriate declared EIRP values in both cases.
It is likely to be of additional interest to understand the combinations of azimuth and steering angles for which the EIRP achieved at the 4 points at which maximum steering is declared can be maintained or exceeded. Unlike EIRP accuracy, EIRP drop is likely to be more predictable for a given implementation (although implementation dependent). The EIRP requirement is based on meeting the EIRP accuracy for a specific beam (i.e. a specific beamwidth) at zero and maximum steering. Apart from implying something about the area within which EIRP accuracy can be maintained, it seems reasonable for the requirement to assume something about the range of steering within which a minimum EIRP level can be maintained with the particular beam in question.
In order to shed further light on how EIRP behaves when combinations of azimuth and elevation steering are applied, some simple simulations have been performed. Firstly, an 8x8 array was simulated with an antenna spacing of 0.7 lamda. Figure 4 indicates the variation of EIRP at the centre of the beam main lobe with steering when steering is applied on one axis (azimuth) whilst zero, 30 and 60 degree steering is applied on the other axis (elevation).
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Figure 4 Directivity vs azimuth steering with different amounts of simultaneously applied elevation steering
Clearly, the directivity, and hence EIRP decreases with increasing steering when steering is applied in azimuth only. Thus in the particular axis in question, the declared maximum steering implies not only that EIRP accuracy is met with all lower steering angles, but also the lowest EIRP that is expected for the beam when steering only on the one axis for any steering angle up to the maximum.
If 30 degrees steering is applied in elevation, then the directivity decreases. However, it is interesting to note that up to 30 degrees of azimuth steering can be applied in addition to the elevation steering with no further loss in directivity. Thus, for up to 30 degrees steering, an arbitrary combination of azimuth/elevation steering can be applied and the EIRP can be assumed to be greater than or equal to the minimum.
If 60 degrees steering is applied in elevation, the directivity drops further. However adding additional steering in azimuth up to 40 degrees actually increases directivity.

It is interesting to consider the combinations of azimuth/elevation steering over which a minimum declared EIRP can be maintained.

Suppose a maximum steering of 30 degrees in each axis would be declared. Figure 5 depicts the region of steering angle combinations at which the achieved EIRP is the same or greater than that achieved with 30 degree steering. In this case, EIRP can be maintained with any combination of steering of up to 30 degrees on either axis.
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Figure 5 Illustration of azimuth/elevation steering combinations in which EIRP is >= EIRP achieved at declared maximum elevation steering 30 degrees
It is not always the case, however that full steering can be applied on both axis. If instead of 30 degrees, 60 degrees maximum steering would be declared then the EIRP drop would be larger. Figure 6 shows the region within which the same EIRP or better can be achieved as the EIRP achieved with 60 degrees steering on the horizontal axis only. In this case, it is not possible to steer up to 60 degrees on both axes whilst maintaining an EIRP that has been declared on the basis of steering on one axis only.

In either case of figure 4 and figure 5, it would be possible to declare 4 points on orthogonal axes at maximum steering settings such that if the points would be joined using straight lines, then all of the combinations of steering that would fall within the enclosed area would lead to the declared EIRP with maximum steering being equaled or exceeded. For the case of figure 6, four points could be declared corresponding to maximal steering in both azimuth and elevation, as illustrated in figure 7. The enclosed area is depicted in figure 7. In this case, there are also many combinations of steering outside of the declared area for which the declared minimum EIRP could be achieved.
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Figure 6 Illustration of azimuth/elevation steering combinations in which EIRP is >= EIRP achieved at declared maximum elevation steering 60 degrees
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Figure 7 Compliance region implied by the 4 declaration points, compared with the actual region in which EIRP accuracy is achieved and EIRP>=EIRPmin
Proposal 1: 4 points should be declared as maximum steering points, with a separate EIRP declared for each point. EIRP accuracy at these points should be tested.

The above analysis is based on a uniformly spaced matrix. It is reasonable to assume that for any uniform linear array or matrix, directivity and hence main lobe EIRP will decrease monotonically with increasing steering and so similar behavior would be observed. An extensive analysis of more complex, non uniform array patterns has not been performed, and thus at this stage it is prudent to limit the conclusions of this analysis to be that for uniform arrays, it should be possible to infer that within the bouded region, EIRP will be >= the EIRP at maximum steering.

Proposal 2: For significantly uniform arrays, It should be assumed that, for all steering angle combinations that, when plotted on orthogonal axes fall within the area enclosed by drawing lines between the declared points, EIRP will be equal to or greater than the lowest of the 4 declared EIRP values and compliance to EIRP accuracy can be achieved. It should be noted that the EIRP behavior between the test points for nonuniform arrays is not know at this stage.
Note that proposal 2 does not assume that EIRP values at intermediate steering points are known, declared or tested. The region bounded by interpolation between the points relates to steering combinations for which, if the EIRP would be declared, the EIRP would be greater than at maximum steering and the declared EIRP would be achieved accurately. The term “significantly” should be defined further; the intention is to allow for non uniform antenna spacings that are small fractions of a wavelength.
In cases such as the one depicted in figure 7, it may be desirable to create a compliance area that captures some of the additional steering combinations for which minimum EIRP can be achieved. This might be done by declaring and testing more than 4 maximum steering points. Figure 8 illustrates an example in which 6 maximum steering points are declared.

[image: image8]
Figure 8 Example area of EIRP compliance based on declaration of 6 points of maximum steering
Proposal 3: It should be possible to optionally declare more than 4 maximum steering points. The steering angle combinations which, when plotted would be in the area enclosed by drawing straight lines between the 4 maximum steering points should be assumed to be compliant to EIRP accuracy and able to achieve an EIRP greater than the declared minimum.

3 Conclusion

This contribution proposes to assume a range of steering angle combinations in which it is assumed that:
· If the EIRP for a specific steering angle combination would be declared, the declared EIRP would be achievable with the accuracy requirement

· If the EIRP for a specific steering angle combination would be declared, the declared EIRP would be greater than or equal to the lowest declared EIRP and the maximum steering points.

The range of steering angle combinations shall be defined by the area which, when the declared maximum steering points are plotted onto azimuth and elevation axes and the declared points are joined by straight lines, is enclosed.

For a 2D array, at least 4 maximum steering points shall be declared. For a 1D array, 2 points (one of which may be zero steering) shall be declared. Optionally, more points can be declared.

Proposal 1: 4 points should be declared as maximum steering points, with a separate EIRP declared for each point. EIRP accuracy at these points should be tested.

Proposal 2: For significantly uniform arrays, It should be assumed that, for all steering angle combinations that, when plotted on orthogonal axes fall within the area enclosed by drawing lines between the declared points, EIRP will be equal to or greater than the lowest of the 4 declared EIRP values and compliance to EIRP accuracy can be achieved. It should be noted that the EIRP behavior between the test points for nonuniform arrays is not know at this stage.

Proposal 3: It should be possible to optionally declare more than 4 maximum steering points. The steering angle combinations which, when plotted would be in the area enclosed by drawing straight lines between the 4 maximum steering points should be assumed to be compliant to EIRP accuracy and able to achieve an EIRP greater than the declared minimum.
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