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1. Introduction
The 8Tx spatial correlation modelling for uniform linear array (ULA) have been described in TR36.807[1]. In order to evaluate the performance of 8Tx transmission, the correlation matrices for eDL-MIMO transmission with cross-polarized antennas should be introduced for Rel-10. In RAN4 #57 and Adhoc #57 meeting, there are some contributions about eDL-MIMO channel model for cross-polarized antennas [2-5], which have the same model but different polatization correlation matrices i.e. Gamma matrices. In this contribution, we discuss 8-Tx correlation modelling with cross-polarized antenna configurations, which is prioritized for eDL-MIMO transmission performance requirements, such as CSI testing.
2. Discussion
It was agreed that X-pol Tx will be prioritized in RAN4. And there would be two antenna configurations: X-pol Tx -> X-pol Rx, and X-pol Tx -> co-pol (co-polarized) Rx. When the antennas are cross-polarized, the N antennas are labeled such that antennas for one polarization are listed from 1 to N/2 and the antennas for the other polarization are listed from N/2 + 1 to N. N refers to the number of transmit or receive antennas. Figure 1 and 2 respectively give the indexing for 8 cross-polarized transmit antennas and 2 cross-polarized  receive antenna.
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                                            Figure1: Antenna indexing for 8-Tx cross polarized array at eNB
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Figure2: Antenna indexing for 2-Rx cross polarized antenna at UE

In the contributions [2-5], the spatial correlation matrix was proposed as
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Where 
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 are spatial correlation matrices at the UE and eNB side respectively. 
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is the so-callsed polatization correlation matrix. 
In the following, we focus the discussion on how to get 
[image: image7.wmf]G

when the receive antennas are cross-polarized and co-polarized. We start by investigating the spatial correlation between two pairs of dual-polarized antennas at the transmitter and receiver (see figure 3). 
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               Figure 3: Cross-polarized antenna elements at eNB and UE with slant angles of {0,90} deg.
Polarization correlation results from the cross polarization power ratio (XPR). The corresponding polarization matrix in figure 3 is given as:
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Where 
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 stands for vertical polarization and 
[image: image11.wmf]h

 stands for horizontal polarization. The first index denotes for the polarization at eNB and the second index denotes for the polarization at the UE. Now considering the antenna configuration in figure 1 and figure 2, where eNB antenna are slanted by {+45,-45} degrees relatively to the nominal v/h orientations ({0,90} deg.).
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Figure 4: Cross-polarized antenna elements at eNB and UE with respective angles of {+45,-45}, {0,90} deg.
Similar with the polarization matrix 
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, the corresponding polarization matrix in figure 4 is given as:
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The polarization matrices at the eNB and UE are the following respectively.
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Where 
[image: image17.wmf]0

45

eNB

f

=-

,
[image: image18.wmf]0

0

UE

f

=

.
Furthermore, 
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 can be expressed as 
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                               (Eq.2)
That is                           
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Note that the row index of 
[image: image22.wmf]Q

 is for eNB and the column index is for UE. The elements of 
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 should be permuted so that the row index is for UE antenna index and the column index is for eNB antenna index just like the H matrix for downlink. After the permutation, the polarization correlation matrix is further definded to be the normalized result of 
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Where 
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 is the matrix after the permutation
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Therefore, the polarization correlation matrix 
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(i.e. 
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 normalized to correlation matrix) is found as:
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Where during the derivation it was assumed that 
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，i.e. different polarization branches are mutually uncorrelated. The parameter 
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 depends on the cross-polarization ratio (XPR) as 
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, with the following definition of 
[image: image33.wmf]22

22

vhhv

vvhh

ESES

XPR

ESES

éùéù

ëûëû

==

éùéù

ëûëû

.
In order to achieve the high correlation matrix, one preferred way to circumvent this issue is to resort to 2-Rx ULA configuration at the UE side. If the antenna configuration of UE is co-polarized, the polarization matrices at the UE is the following matrix.

[image: image34.wmf]cos

sin

UE

UE

UE

f

f

éù

=

êú

ëû

P


where 
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. Through the same calculation of equation 2 and 3, we can get the following polarization correlation matrix.
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For the 8x2 antenna configuration (xxxx -> +), the whole spatial correlation matrix is obtained as:
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                    (Eq.4)
Where the parameter 
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 defines the spatial correlation between the antennas at the eNodeB, the spatial correlation matrix at the UE side 
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For the 8x2 antenna configuration (xxxx -> ||), the spatial correlation matrix is expressed as:


[image: image40.wmf]1/94/9

1/9*1/94/9

*

4/9*1/9*1/9

*4/9*1/9*

1

1

1

1

1

1

1

1

spat

R

aaa

b

aaa

g

g

b

aaa

aaa

éù

êú

éù

éù

=ÄÄ

êú

êú

êú

ëû

ëû

êú

ëû

                            (Eq.5)
Where the parameter 
[image: image41.wmf]b

 defines the spatial correlation between the ULA antennas elements at the UE. If no power is received along one polarization at the UE(i.e. XPR=0), then the value of  
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 in equation 5 is 1.
3. Conclusions

In this contribution, we present our views regarding the correlation matrices for eDL-MIMO transmission with eight cross-Polarized Antennas. Based on the analysis in section 2, we would propose to derive the spatial correlation matrix as 
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. In case of an 8x2 configuration with cross-polarized antennas (cross-polarized antennas at both eNB and UE), the whole spatial correlation matrix is obtained as:
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For the 8x2 antenna configuration (cross-polarized antennas at eNB and ULA at UE), the spatial correlation matrix is expressed as:
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