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1
Introduction

In order to support the new WI “Performance Requirements of 8 Rx Antennas for LTE UL” [1], a spatial correlation model will need to be defined for 8Rx antenna configuration. In this contribution, we discuss the spatial correlation model for 8Rx cross-polarized antenna configurations. 

2
Spatial correlation model for 8Rx cross-polarized antenna configurations

The channel spatial correlation matrix 
[image: image1.wmf]Spat

R

  with 8Tx cross-polarized antennas is already defined for supporting eDL MIMO[2]:
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where [image: image3.wmf]UE

R

 is the spatial correlation matrix at the UE for antennas with the same polarization, [image: image4.wmf]eNB

R

 is the spatial correlation matrix at the eNB for antennas with same polarization, 
[image: image5.wmf]G

 is a polarization correlation matrix, and 
[image: image6.wmf]P

 is a permutation matrix for index alignments. The operator [image: image7.wmf]T
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denotes transpose.
Considering that the RF channel is reciprocal for the same RF band, one will expect that the spatial correlation matrix 
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  for UL MIMO with 8Rx cross-polarized antennas will be described in the similar form:
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where [image: image10.wmf]UE

R

 and [image: image11.wmf]eNB

R

 are the spatial correlation matrix at the UE and eNB with same polarization, which should be same as already defined for eDL MIMO [2]. 
[image: image12.wmf]UL
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 and 
[image: image13.wmf]UL

P

 are the polarization correlation matrix and permutation matrix, which will be discussed in the following for UL 8Rx MIMO. 
2.1  Polarization correlation matrix for UL MIMO with 8Rx cross-polarized antennas

For DL MIMO with 8Tx cross-polarized antennas, detailed discussions for the polarization correlation matrix 
[image: image14.wmf]G

 and permutation matrix 
[image: image15.wmf]P

 were presented in a number of references [3-6]. In the following, we will use the similar methodology in [3] to derive the polarization matrix
[image: image16.wmf]UL

G

 for UL MIMO with 8Rx cross-polarized antennas.

First, let us assume the spatial correlation 2x2 channel matrix S between two pairs of dual-polarized antennas at the transmitter (UE) and receiver (eNB) both with slant angles of {0, 90} deg is expressed as:
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where the subscripts {t, r} refers to transmitter (UE) and receiver (eNB) and subscripts {v,h} to vertical and horizontal nominal polarization, respectively. Note that for UL MIMO, eNB antenna index is tied to the row index and UE antenna index is tied to the column index, which is different with DL MIMO where UE antenna index is tied to the row index and eNB antenna index is tied to the column index.
When eNB antenna elements are slanted by {+45, -45} degrees relatively to the nominal v/h orientations of {0, 90} deg, the corresponding 2x2 channel matrix Q between the transmitter and receiver antennas will be expressed as:
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Where 
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Then, the polarization matrix covariance matrix 
[image: image20.wmf]UL

cov,

G

can be expressed as: 
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 EMBED Equation.3  [image: image22.wmf]
Where the operators 
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denotes the conjugate transpose of the corresponding vector and 
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is the conjugate of a complex variable. With the following assumptions that [3]
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we will have:
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After dividing (1+XPR), we have the normalized polarization correlation matrix 
[image: image28.wmf]UL

G

 for UL MIMO: 

[image: image29.wmf]XPR

XPR

where

UL

+

-

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

=

G

1

1

,

1

0

0

1

0

0

0

0

1

0

0

1

g

g

g

g

g


2.2  Permutation matrix for UL MIMO with 8Rx cross-polarized antennas

Assume we adopt the same antenna indexing as used in DL MIMO with cross-polarized antennas [1], the N Tx (or Rx) antennas are labelled such that antennas for one polarization are listed from 1 to N/2 and antennas from the other polarization are listed from N/2 + 1 to N, as shown in the following figures: 

[image: image30]
Figure 2.2-1: eNB cross-polarized antenna indexing

[image: image31]
Figure 2.2-2: UE cross-polarized antenna indexing
With above antenna labelling, and assume there are Nt Tx antennas and Nr Rx antennas, the first row (or column) elements of spatial correlation coefficients matrix 
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where the pair of indices 
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 refers to channel branch between i-th Tx antenna and j-th Rx antenna. 
The corresponding channel matrix H for 
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where 
[image: image37.wmf]tap

P

 is the tap power matrix, 
[image: image38.wmf]iid

H

 is a vector of size 
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with complex circular independent identical distribution (i.i.d.) Gaussian random coefficients and operators 
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 perform vectorization of a matrix and de-vectorization of a vector, respectively. The indexes of the elements 
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 of matrix H are shown as follows: 
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Thus, the arrangement of the elements of H does not match the indexes for the UL channel matrix 
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Therefore, a permutation matrix 
[image: image45.wmf]UL
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 is needed to map the spatial correlation coefficients in 
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 in accordance with the antenna element labelling system. As sown in [1,3], a permutation matrix 
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with elements 
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will re-arrange the indexes of the first row the first row (or column) elements of spatial correlation coefficients matrix 
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and then we will have 
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2.3  Spatial correlation matrix for UL MIMO with 8Rx cross-polarized antennas

Based on above discussion, we have the spatial correlation matrix 
[image: image52.wmf]UL
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  for UL MIMO with cross-polarized antennas in the similar form as DL MIMO:
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where [image: image54.wmf]UE
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 , [image: image55.wmf]eNB
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 and 
[image: image56.wmf]P

 are the spatial correlation matrix at the UE,  and the spatial correlation matrix at the eNB, and the polarization matrix respectively, which are the same as defined in TS 36.101 for DL MIMO. The polarization matrix 
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, which is different with the DL MIMO case, is defined as follows:
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3
Conclusion
In this paper, we derived the spatial correlation model with 8Rx cross-polarized antenna configurations for the new WI “Performance Requirements of 8 Rx Antennas for LTE UL”. The spatial correlation matrix 
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  for UL MIMO with 8Rx can be described in the similar form:


[image: image60.wmf](

)

T

eNB

UL

UE

UL

Spat

P

R

R

P

R

Ä

G

Ä

=

,


where [image: image61.wmf]UE
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 and [image: image62.wmf]eNB

R

 are the spatial correlation matrix at the UE and eNB with same polarization respectively, which should be same form as already defined for eDL MIMO in TS 36.101. 
[image: image63.wmf]P

 is the permutation matrix with the similar form as defined in TS36.101. The polarization matrix 
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 is defined as follows:
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where the XPR is the cross-polarization ratio.
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