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1 Introduction:

During the last conference calls or meetings it was agreed that cross-polarized antennas could be used in MIMO schemes. It means that the SCM model has to take into account the polarization diversity. Recently, contribution [2] suggested a method to process the impulse including the polarization model (eq. 2 of chapter 2.1). The aim of the present contribution is to recall some theoretical aspects of radio waves propagation and to explain why the formula given in [2] is ambiguous in the definition of vertical and horizontal components.

2 Theoretical approach

In the SCM-models, the propagation channel is represented by a set of rays. In this chapter, we will define the properties of each ray and explain how the impulse response can be processed from a set of rays.

Each ray is characterized by geometrical properties and electromagnetic properties. The geometrical properties of a ray are its length (or delay) and its directions of arrival (or departure) at the base station and the mobile. The direction is defined in 3D by an azimuth and an elevation. Usually, elevation is defined as being the angle between the Z axis and the ray. Elevation is set between 0 °and 180°. The azimuth is defined as being the angle between the X-axis and the perpendicular projection of the ray to the x0y plan. The azimuth varies in a range of 360°.

The electromagnetic properties of the ray allow to determine the received field expressed as a function of the transmitted field. We will firstly define the characteristics of the electromagnetic field. By assuming the far field hypothesis, the transmitted or received field is always perpendicular to the propagation direction. It is thus more convenient to express this field in a spherical base (Er, E(, E() that in a base (Ex, Ey, Ez) common for all the 3-D directions. Vector Er has the same direction as the vector OP. Vector E( is perpendicular to OP and contents in the zOP plan. Vector E( is perpendicular to OP and is contained in the xOy plan. Whatever the polarization of the wave, Er component is always null. If E( is null, the polarization is vertical. If E( is null, the polarization is horizontal. As the propagation channel causes a phase deviation, an attenuation and a rotation of the polarization vector around the axis of the ray, the received field is given by the following matricidal equation:
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G((, G((, G((, G((, are four complex values of gain that completely characterize the electromagnetic properties of the ray. They can represent either the relative or the absolute complex attenuation.
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Figure 1: Spherical and cartesian reference system

To process the impulse response, we modify equation (1) by taking into account the gain of the received and transmitted antenna. The reference system of the antenna pattern has to be the same as the reference system of the propagation channel complex attenuations.
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Remark:

The expression of antenna gains or complex attenuations in spherical reference systems (Er, E(, E() could seem complicated in a 2-D propagation model as is the SCM model. A 2-D model means only that the rays are contained in a horizontal plane but does not limit the orientation of the polarization vector. As the azimuth may be defined in a 360° range and as any antenna polarization can be chosen in the SCM model, the direction of the polarization vector may have any 3-D directions. That is why, although the SCM model is a 2-D model, equation (2) is the most convenient way to express the impulse response.

3 E(, E( decomposition versus Ev,Eh

Equation (2) is similar to Equation (2) of [2] except that the reference system is different. In [2], the antenna gains and propagation complex attenuations are decomposed in a horizontal and vertical component. The definition of the vertical and horizontal components was reminded in the contribution [1]. If we consider that the antenna points in the X direction, the vertical component is the Z-axis and the horizontal component is the Y-axis (Figure 1). Compared to the E(, E( reference system, the horizontal and vertical reference system don't depend on the azimuth. In the case of a 2-D model, whatever the azimuth value, the vertical and E( components are identical. It is not the case for the horizontal component – in the sense of [1] - that is equal to the E( component only in the X direction (ray 2). If we consider an isotropic horizontally polarized antenna, although the radiated power is equal in all direction, the horizontal component will decrease while the azimuth angle increase from 0° to 90°. The most problematic case is the case of ray 1 with an azimuth of 90° and a horizontal polarization. This ray has null vertical and horizontal components, although it exists physically. If we imagine that the propagation channel contains only ray 1 and ray 2, the impulse response processed with the equation (2) of [2] would take into account only the ray 1. This example shows that the horizontal/vertical references are inappropriate for the impulse response processing when the transmitted/received rays are not confined around the X-axis and when the polarization is not necessary vertical. The horizontal/vertical references are also inappropriate for the SCM models impulse response processing and have to be replaced by the E(, E( reference system described in the last chapter.

4 Conclusion:

We have presented in this contribution the theoretical problems related to the Vertical/Horizontal reference system and proposed a reference system based on the E(, E( components. To improve the SCM-text, we suggest the following changes:

· The equation (2) of [2] is included in the SCM-text to explain the impulse response processing from the polarization model. The vertical and horizontal components are respectively renamed in E(, E( components.

· It is explicitly written in the SCM-text that the polarization model requires vectorial antenna pattern. In each 2-D direction, the antenna pattern gives the complex gain of the E( and E( components. The E(, E( reference system is commonly used by antenna designers but probably not well known by system designers. It could be useful to give simple examples of vectorial antenna pattern (for instance, an omnidirectional 45° polarized antenna). This point is very important because if the antenna pattern is wrongly applied, the power azimuth spectrum will be incorrect, the correlations between sensors will be incorrect too and the performances of MIMO algorithms will be corrupted.
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