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1. Introduction
In last RAN4 Jacksonville meeting, the DL MIMO channel correlation matrices have been approved for the extension to 8-Tx uniform linear array (ULA). It was also agreed that the correlation matrices for E-DL MIMO transmission with cross-polarized antennas will be proposed later and should be prioritized for E-DL MIMO transmission performance requirements, such as CSI testing. In this contribution, we discuss how to introduce MIMO channel correlation matrices for cross-polarized antennas.
2. Discussion
In RAN1, it was agreed in [1] that cross-polarized antennas with +/-45 degrees polarization angles are assumed at BS and cross-polarized antennas with +90/0 degrees polarization angles are assumed at UE.  In the following sections,  we discuss the correlation matrices for cross-polarized antennas for 2/4/8 antenna cases.
2.4 Channel Spatial Correlation Matrix

When the cross-polarized antennas are deployed at the BS and UE, the channel spatial correlation matrix can not simply be expressed as the Kronecker product of 
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. In this contribution, we propose to use the models described in [2] for cross-polarized antennas. In this model, a polarization matrix 
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 was introduced to model the effect of different polarization combination. The spatial correlation matrix can then be express as 
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where 
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 is the spatial correlation matrix at the UE with same polarization and 
[image: image6.wmf]eNB

R

 is the spatial correlation matrix at the eNB with same polarization. In [3], the polarization matrix 
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 is derived as
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where 
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. Note that the value of 
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 depends on XPR (cross-polarization power ratio) and the exact value of 
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is FFS. We prefer to introduce larger cross-talk (i.e. a small
[image: image12.wmf]g

) so that the codebook design can be better tested.
2.2 Correlation Matrices at eNB [4]
For 2-antenna transmitter using a pair of cross-polarized antennas, 
[image: image13.wmf].
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For 4-antenna transmitter using two pairs of cross-polarized antennas, 
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For 8-antenna transmitter using 4 pairs of cross-polarized antennas, 
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÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

è

æ

=

1

1

1

1

*

9

1

*

9

4

*

9

1

*

9

1

*

9

4

9

4

9

1

*

9

1

9

4

9

1

a

a

a

a

a

a

a

a

a

a

a

a

eNB

R


2.3 Correlation Matrices at UE [4]
For 2-antenna transmitter using a pair of cross-polarized antennas, 
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For 4-antenna transmitter using two pairs of cross-polarized antennas, 
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2.4 Mapping of spatial correlation matrix to antenna elements
As proposed in [1], for the system using cross-polarized antennas, the N antennas are labelled such that antennas for one polarization are listed from 1 to N/2 and antennas for the other polarization are listed from N/2+1 to N, where n is the number of transmit or receive antennas.
Using such labelling system, the channel matrix for each tap can be generated as follows:
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where 
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[image: image20.wmf]t

r

N

N

´

matrix which contains independent and identically distributed (IID) complex Gaussian elements, vec(
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) and unvec(
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) are the vectorization and devectorization operators respectively, 
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 is the power of the tap, and P is an 
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 permutation matrix that maps the generated channel matrix elements to the correct position. 
Assume 
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is the column index of 
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, the permutation matrix 
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 is given as 
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, while the rest elements of 
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 are 0. Note that each row or column of 
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 has only one element equals 1 while the rest are 0. Therefore, the permutation matrix 
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 is orthonormal. 
Summary
In this contribution, we have introduced correlation matrices for E-DL MIMO transmission using cross-polarized antennas at both eNB and UE with 2/4/8 cross-polarized antenna setups. Furthermore, a spatial channel model for MIMO spatial correlation matrix has been proposed. 
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