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1 Introduction

ECC PT1 are currently discussing an appropriate framework for regulatory requirements for introduction of 5G technologies within the 3400-3800 MHz range in Europe. As part of these discussions, OTA requirements have been considered and the conclusions of earlier work on AAS have been considered. The antenna model documented in 37.840 has been examined, and a question has arisen about the correct means to generalize the model from the array considered during the SI to be more general. An LS has been received from PT1 in [1] asking for confirmation that the approach adopted by PT1 is correct.
2 Discussion

Section 5.4.4 of 37.840 describes the antenna model that was used for the AAS coexistence studies. The model is characterized by an array factor and an element factor. The element factor is described as follows:
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Where
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 is the magnitude of the element pattern
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is the elevation angle, defined between 0° and 180° (90° represents perpendicular to the array antenna aperture)

[image: image4.wmf]j

is the azimuth angle, defined between -180° and 180°
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 is the maximum directional gain of the radiation element (in dB), which is assumed to be 8dBi;
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is the horizontal pattern of the radiation element, 
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where 
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 is the horizontal 3dB beam-width, and 
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 is the front- to-back ratio. 
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is the vertical radiation pattern of the radiation element offset by 90° to point perpendicular to array, 
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where
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is the vertical 3dB beam-width and 
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SLA

is the side-lobe level limit.
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 are plotted in Figure 5.4.4.1.1-1 for 3dB=65o, SLAv=30 dB, 3dB=65o and Am=30 dB.
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The complete radiation pattern then considers the element pattern, beamforming weights and array geometry (i.e. inter-element spacing)
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(1)
Further descriptions of the parameters of the above formula are provided in the TR 37.840.
Crucially, a parameterization is defined that ensures that, for the array and the steering angles considered for the SI, the radiation pattern is calculated correctly and the total TRP of the array is the same as the input power (apart from deliberately included loss factors). This is achieved by setting the element “gain” to be 8 dBi.

Appendix C.5 of the TR elaborates further on the basis of the array model. The appendix explains that the directivity is based on a “normalization” of the far field pattern:
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(2)
That is, the far field pattern that is calculated from (1) above is normalized with respect to the integrated mean power of the pattern to form the directivity. The reason for this normalization is that the process of radiating in itself is assumed not to create or destroy energy. The antenna gain is based on directivity and loss factors accounting for any inefficiencies in radiating:

Antenna gain = D – L






(3)
Note that (2) and (3) can be applied in directions other than the direction of maximum radiation, by simply replacing the MAX in (2) with a directional pattern:
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(4)
The rest of the appendix C.5 explains the AAS model used in the simulations. Thus, the model in section 5.4.4 is correct for the AAS array that was simulated, but some recalculation of the parameters is needed for application to other array geometries. The reason that the model was stated in the manner that it was in section 5.4.4 is that pre-calculation of the simulation times for the specific array under consideration reduces the simulation computational time.
The LS from PT1 suggests that a far field array pattern is calculated (equation 1 in the LS) and a normalization factor (equation 3 in the LS). Equation 4 of the LS then suggests that the radiated power profile in the far field is based on the input power, far field pattern, normalization and a loss factor. PT1 requests confirmation that this approach is correct.
The approach of calculating a normalization factor is entirely in line with antenna theory and the explanation of the AAS model provided in annex C.5 of 37.840. Use of the normalization factor together with appropriate selection of loss factors in effect automatically calculates a correct parameterization for the antenna array under consideration and in this sense is a more flexible expression of the antenna pattern than that described in section 5.4.4.

Since PT1 may investigate several antenna structures, we believe that adoption of the approach of including the normalization factor in the model description rather than the parameterization is more clear and will avoid any errors when comparing different array geometries.

Thus, we propose to reply to PT1 and affirm that their proposed approach to the model description is a correct general approach. A proposed reply LS is provided in [3].

3 Conclusion

Proposal 1: RAN4 replies to the PT1 incoming LS affirming that the model description outlined by PT1 is correct.
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