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1.  Introduction 
This document considers polarisation aspects of the transmission channel in DL MIMO with rank 2 transmission using cross polar arrays at transmitter and receiver.  
2.  Discussion
It is well known that good isolation between two transmitted signals can achieved by mapping them to orthogonal polarisations.  Therefore, when using cross-polar arrays for rank 2 transmission in LTE-A, at least under some conditions it is reasonable to expect a mapping between the spatial channels and the signal polarisation. This document presents results arising from examination of this proposition. The basic simulation assumptions are given in Annex A. The analysis of the channel properties is based precoder coefficients and receiver weights derived from SVD, with the motivation of identifying features which would be relevant to achieving throughputs close to theoretical limits.
2.1
2x2 Antenna Configuration
For this simple case, we first consider the question of whether two spatial channels correspond to orthogonally polarised signals. This is confirmed by the results shown in Figure 1 for the transmitted polarisation angles. The polarisation angle is computed according to the method shown in Annex B.
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Figure 1: Transmitted polarisation angle for spatial channel 1 vs polarisation angle for spatial channel 2 
(2x2 cross polar antenna configuration)
Furthermore the histograms in Figure 2 confirm a tendency for the spatial channels to be mapped to polarisations close to either vertical (±90º) or horizontal (0º). Note that values of exactly 0º or 90º are relatively rare. This is appears to be a consequence of the pdfs of the amplitudes of the orthogonal components from which the angle is computed (i.e. indirectly dependent on the pdfs of the precoding coefficients). 
(a)                                                       (b)
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Figure 2: Histograms of received polarisation angle for (a) spatial channel 1 and (b) spatial channel 2 
(2x2 cross polar antenna configuration)

Figure 3 shows the CDF of the ratio between the two eigenvalues. This shows that the first spatial channel is typically significantly stronger than the second. 
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Figure 3: CDF of eigenvalue ratio between spatial channel 1 and spatial channel 2 

(2x2 cross polar antenna configuration)
2.2
4x2 Antenna Configuration

With 4 transmit antennas and 2 receive antennas, two spatial channels are supported, each with 4 precoding coefficients. It is difficult to identify a unique polarisation at the transmitter per spatial channel. However, we can compute the polorisation angle for the signal for a spatial channel from a single pair of cross polar antennas. The transmitted polarisations for the two spatial channels are shown in Figure 4. The different colours correspond to different antenna pairs. Although the plot is much more scattered than Figure 1, there is still a tendency for clustering around the locations corresponding to orthogonal polarisations. The histograms in Figure 5 confirm a tendency towards received polarisations of ±90º and 0º.      
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Figure 4: Transmitted polarisation angle for spatial channel 1 vs polarisation angle for spatial channel 2 

(4x2 cross polar antenna configuration, red points first antenna pair, blue points second antenna pair)

(a)                                                                 (b)
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Figure 5: Histograms of received polarisation angle for (a) spatial channel 1 and (b) spatial channel 2 

(2x2 cross polar antenna configuration)

The CDF in Figure 6 shows that the eigenvalues for the two spatial channels are closer in value than for the 2x2 case.
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Figure 6: CDF of eigenvalue ratio between spatial channel 1 and spatial channel 2 

(4x2 cross polar antenna configuration)
2.3
8x2 Antenna Configuration
The relation between the polarisations for the two spatial channels for the 8x2 case are shown in Figure 7. This shows similar behaviour to that for 4x2, but with more scatter.   
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Figure 7: Transmitted polarisation angle for spatial channel 1 vs polarisation angle for spatial channel 2 

(8x2 cross polar antenna configuration, red points first antenna pair, blue points second antenna pair)
The eigenvalue ratio for 8x2 case is shown in Figure 8. This is consistent with the trend for increasing similarity between the values for the two spatial channels as the number of transmit antennas increases.  
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Figure 8: CDF of eigenvalue ratio between spatial channel 1 and spatial channel 2 

(8x2 cross polar antenna configuration)
3. Conclusions
For the case of rank 2 transmission with {2, 4, 8} cross polar transmit antennas and 2 cross polar receive antennas (with matching polarization orientations), and with ideal precoding derived from SVD, we can conclude the following:-

· A clear tendency for the two spatial channels to be mapped to orthogonal polarizations at both the transmitter and receiver, which is most evident for the 2x2 case

· Polarization angles matching the physical antenna polarization orientations tend to be favoured at the receiver 

· The magnitudes of the Eigenvalues for the two spatial channels tend to become more similar as the number of transmit antennas is increased. 

 These points should be considered in MIMO codebook and feedback design for LTE-A.  
4. Annex
A. Link Level Simulation Assumptions

Channel model:


SCM

Scenario: 




Urban Micro

Transmit antennas: 

2, 4 or 8

Receive antennas:

2

Antenna Polarisation:
Co-located cross-polar pairs, vertical and horizontal polarisation
Antenna Spacing:

0.5λ

UE location:



On axis of transmit array

UE orientation:


Facing transmit array

Channel knowledge:

Ideal

B. Calculation of Polarisation Angle

(From: http://wapedia.mobi/en/Photon_polarization)

The polarization components 
[image: image11.wmf]x
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and 
[image: image12.wmf]y

y

of a classical sinusoidal plane wave traveling in the z direction can be characterized by the Jones vector
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where the angle 
[image: image14.wmf]q

describes the relation between the amplitudes of the electric fields in the x and y directions. 
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can be defined as
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where 
[image: image17.wmf]0
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is the amplitude of the wave polarized in the x direction and 
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is the amplitude of the wave polarized in the y direction and  
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The angles 
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and 
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a

characterize the phase relationship between the wave polarized in x and the wave polarized in y.

We can write:
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or 
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Now 
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 is the phase difference between the polarisation components, which can be derived using:-
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Therefore, the polarisation angle 
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 can be derived from the (complex) cross polar signal components
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and 
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using: 
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Note that linear polarisation corresponds to value of 
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x

a

a

-

of 0 or 180º, while circular polarisation corresponds to a value of ±90º. Intermediate values correspond to elliptical polarisation. 
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