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1 Background
The issue of polarization was introduced by contribution [1] in RAN4#74 in Athens. Continuing that discussion, [2], contributed in the current meeting, aims to further the discussion both by investigating the measurement method impact is more detail, and by deriving expressions supporting the claims in[1]. This contribution is supporting the discussion in [2] with regard to polarization mismatch.
2 Introduction

In [3] it is stated that “The E-field driving current into the antenna load is described by the scalar product of the incident wave and the antenna polarization times the square root of the antenna gain in the direction of the incident wave source. I.e. an antenna receiving an incident wave with the exact polarization of the antenna will experience the highest antenna gain.” 

I.e.  the current driven into the antenna load due to an incident electromagnetic wave is proportional to the scalar product of the wave polarization and the antenna polarization. When the normalised scalar product result is less than 1, it is referred to as polarization mismatch.
This contribution derives expressions for describing the loss of potential picked up power due to polarization mismatch.
3 Discussion,  polarization mismatch
While the concept of polarization mismatch is applicable to all types of polarizations, it is easiest to visualise and describe for linear polarisations. As described in [3], any polarization can be described as a linear combination of two other orthogonal polarizations, and hence, the concept of polarization mismatch can be generalised from the linear description.

A linearly polarized incident wave can be described as:
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Here g and h are two orthogonal polarizations. Aw respective Bw the respective amplitudes.

Assuming the “receiving antenna polarization” (as defined in [4]) in also linear, but with the polarization times the square root of the gain;
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the electric field driving current into the antenna load is 
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ϒ is the angle between the two polarizations.

Thus the power picked up by the antenna will be proportional to cos2ϒ (since it is proportional to the square of the electrical field driving current into the antenna load).

cos2ϒ is called the “polarization mismatch factor” or the “polarization efficiency” [4]. 

An incident wave with polarization mismatch factor of one is said to be co-polar to the antenna, and the corresponding orthogonal polarization wave (i.e. with zero polarization efficiency) is said to be cross-polar. 

It follows that an incident wave in general can be said to have a co-polar component and a cross-polar component.  The power picked up by the antenna is proportional to the (square of the) co-polar component of the incident wave.

It is easy to show (from figure 1 below) that an antenna of polarization koa orthogonal to ka will drive a load current proportional to sinϒ. (i.e the orthogonal polarisation of an antenna is parallel to cross polar component of an incident electromagnetic wave.)
Therefore, the polarization mismatch of the power sum of two orthogonal linear polarization antennas is one to any incident wave linear polarization.




Figure 1, vectors representing ka, kw and the co and cross polar components of kw.

The receive antenna polarization is generally different in different directions.The spatial (angular) distribution of the receiving antenna polarization in different directions is described by the “polarization pattern” [1] of the antenna. 

The use of the terms co-polar, cross-polar and polarization mismatch factor can be generalized to elliptic polarization waves and antennas. In this case, the loss factor describes the relation between the potential power pick up in the wave if it had been completely co polar to the antenna polarization and that of the co-polar component in the actual case.

Let the incident wave  kw be described by at the point of the antenna.
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Where xu is the linear horizontal unit vector, yu is the vertical unit vector, b1 is the horizontal polarization component amplitude, b2 is the vertical polarization amplitude, and ϕw is the phase difference between the two polarization components.  From [3], it is known that this expression may describe any polarization. It can be described in complex notation for easier calculations:
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Normalizing kw gives:
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Where the polarization vector is identified as 
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The polarization vector of the antenna can be identified in the same way:
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Now, the (complex) cosϒ can be written as
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 Where pw* denotes the complex conjugate of pw.

The polarization efficiency (or polarization mismatch factor) can be written as:

[image: image10.png]cosycos'y = cos®8,cos’8, +sin’ @, sin’ G, + 2sinf, sinb,, cos f, cos G, cos(p, — ¢@,)




The orthogonal polarization to pa is defined such that
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This is fulfilled for 
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Hence
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And
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Thus
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And consequently, 
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So for every polarization of an incident wave picked up by two antennas with orthogonal polarizations , the sum of the received power from the antennas corresponds to the power picked up by one antenna with perfect polarization matching to the incident wave. 
The polarization mismatch loss, Lpm is defined as
;
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Using the above definitions, it can be shown that polarization mismatch loss for a circularly polarized incident wave to a linear polarization receiving antenna is 3 dB. The same applies for a linearly polarized wave incident to a circular polarization receiving antenna.
4 Conclusion
· The polarization mismatch factor describes the fraction of the incident wave power that an antenna of a certain polarization can pick up from the incident electromagnetic wave compared to what it could have if the incident wave would have been perfectly polarization matched to the antenna.
· The polarization mismatch factor is also referred to as polarization efficiency.

· Two identical gain antennas of orthogonal polarization will with their pick-up powers summed, have the polarization mismatch factor of 1 (i.e. no total polarization mismatch loss.)
· The polarization loss is the logarithmic description of the polarization mismatch.
· The polarization mismatch concept is applicable to any polarization combination of antenna and incident electromagnetic wave.
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6 Terminology
The terminology used in this contribution is taken from TR37.842 and from [4].
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� The polarization mismatch loss is defined as ” The magnitude, expressed in decibels, of the polarization efficiency.” in [4]. This would can be interpreted “+10 log… instead of -10 log… as suggested here. However, to honor the notion that loss is negative gain, the minus version is used here.





