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1. Introduction
In the RAN4#66 meeting, channel model for UL 8Rx cross polarized antennas was discussed [1-7], and we have made some agreements on the antenna configuration, spatial channel model and spatial correlation value [8]. Two open issues were left to next meeting for discussion, i.e. determine the polarization correlation matrix and permutation matrix. In this contribution, we further discussed 8Rx MIMO correlation modeling with cross polarized antenna configuration, and provided our analysis on the polarization correlation matrix and permutation matrix.
2. Discussion 
2.1 Polarization correlation matrix
For the polarization correlation matrix 
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, there are following two options in the last meeting, which came from [2] and [4] respectively. 

· Option 1
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· Option 2


[image: image3.wmf]100

1001

1

001

1

1

001

ULUL

XPR

Γ

Γ

XPR

g

gg

g

g

g

g

éù

êú

éù

-

êú

===

êú

êú

-

+

ëû

êú

-

ëû


Compared the derivation of polarization correlation matrix in [2] and [4], they are almost the same, the only difference is the expression of matrix
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. The matrix 
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 can be expressed as: 
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In [2], 
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. But in [4], 
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Then we simply analyze the matrix 
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 from the concept of rotation matrix. If vector A rotated counterclockwise of 
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 degree, we can get vector B and B can be expressed as
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Vector B also can be expressed as
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When eNB antenna elements are slanted by {+45, -45} degrees relatively to the nominal v/h orientations of {0, 90} deg, and combining the expression of Q in equation 1, we can obtain 
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So following the same derivation process in [2] and [4], we can get the polarization correlation matrix.
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If the antenna configuration of UE is co-polarized, through the same calculation process as the cross polarized case, we can get the following polarization correlation matrix.
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 Proposal 1: For the case with cross polarized elements at both UE and eNB sides, the polarization correlation matrix is obtained as
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For the case just with cross polarized elements at eNB sides, the polarization correlation matrix is obtains as 
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2.2 Permutation matrix
Based on the agreement for antenna configuration reached in the last meeting, figures 1 and 2 present the antenna indexing at UE and eNB side for the 2x8 case.
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Figure 1 Antenna indexing for 2Tx cross polarized antenna at UE side
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Figure 2 Antenna indexing for 8Rx cross polarized antenna at eNB side

1x8 configuration with cross-polarized antennas at eNB side
With the antenna labelling at eNB side in figure 2, the whole MIMO channel correlation matrix is obtained as:
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And the first row (or column) elements of spatial correlation coefficients matrix 
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 refers to channel branches indexed by 
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 denotes the channel branch between UE antenna 
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. Furthermore, the channel branches index matches the UL channel matrix, thus we can obtain the permutation matrix
[image: image29.wmf]8

UL

P

=

I

for the 1x8 case.
2x8 configuration with cross-polarized antennas at both UE and eNB side(+->xxxx)
With the antenna labelling at UE and eNB side in figures 1 and 2, the whole MIMO channel correlation matrix is obtained as:
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And the first row (or column) elements of spatial correlation coefficients matrix 
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 refers to channel branches indexed by 
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 denotes the channel branch between UE antenna 
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, and the channel branches index matches the UL channel matrix, so we can obtain the permutation matrix
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4x8 configuration with cross-polarized antennas at both UE and eNB side(++->xxxx)
With the antenna labelling at UE and eNB side in figures 1 and 2, the whole MIMO channel correlation matrix is obtained as:
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And the first row (or column) elements of spatial correlation coefficients matrix 
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 refers to channel branches indexed by 
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 denotes the channel branch between UE antenna 
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and eNB antenna 
[image: image48.wmf]j

r

, and the channel branches index does not match the UL channel matrix, so a permutation matrix needed. Considering the same case in the eDL-MIMO, we can reuse the following permutation matrix in the UL-MIMO. 

[image: image49.wmf](

)

(

)

(

)

(

)

(

)

1121,1,...,,1,...,/2

,112/2,1,...,,/21,...,

0

rrrt

ULrtrrrtt

forajNiandbjNiiNjN

PabforajNiandbjNNNiiNjNN

otherwise

ì=-+=-+==

ï

==-+=--+==+

í

ï

î


And 
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 is the number of receive and transmit antennas respectively.
Proposal 2: For 1x8 configuration with cross-polarized antennas at eNB side, the permutation matrix 
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For 2x8 configuration with cross-polarized antennas at both UE and eNB side, the permutation matrix 
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For 4x8 configuration with cross-polarized antennas at both UE and eNB side, the permutation matrix 
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Where
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 is the number of receive and transmit antennas respectively.

3. Conclusions
In this contribution, we further discussed MIMO correlation modeling for UL 8Rx. Based on the analysis above, we make the following proposals:
Proposal 1: For the case with cross polarized elements at both UE and eNB sides, the polarization correlation matrix is obtained as
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For the case just with cross polarized elements at eNB sides, the polarization correlation matrix is obtains as 
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Proposal 2: For 1x8 configuration with cross-polarized antennas at eNB side, the permutation matrix 
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For 2x8 configuration with cross-polarized antennas at both UE and eNB side, the permutation matrix 
[image: image64.wmf]16

UL

P

=

I

.

For 4x8 configuration with cross-polarized antennas at both UE and eNB side, the permutation matrix 
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Where
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 and 
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 is the number of receive and transmit antennas respectively.
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