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1. Introduction

In RAN4 #66 meeting, MIMO channel model for UL 8Rx antennas have been extensively discussed. It has been concluded that cross-polarized antenna array is adopted at both eNB and UE ends. The eNB polarizations are slanted +45。 and -45。. For 1 Tx antenna case the UE polarization is vertical (90。). For 2 Tx antennas case the UE polarizations are vertical (90。) and horizontal (0。). However, the polarization correlation matrix has been left an open issue to be identified. In this contribution, we would like to clarify the deduction of polarization correlation matrix for UL 8Rx antennas performance evaluation. In addition, a permutation matrix is defined so that channel matrix is compliant with the antenna indexing of the spatial correlation matrix used in DL MIMO with cross-polarized antennas.
2. Polarization Correlation Matrix
When eNB antenna elements are slanted by {+45。, -45。} degrees relatively to the nominal v/h orientations of {0。, 90。} deg of UE antenna elements (Refer to Fig. 1), the polarization matrixes at the eNB and UE are defined as the following respectively1[]
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Where
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are those of the antennas of UE. With respect to Fig. 1, it can be concluded that in this case
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Fig. 1: Cross-polarized antenna elements at UE and eNB with slant angles of {+45,-45}, {0,90} deg.
Then (1) GOTOBUTTON ZEqnNum728895  \* MERGEFORMAT 
 can be revised to
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with (2) GOTOBUTTON ZEqnNum123352  \* MERGEFORMAT 
 to 
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,i.e. PUE=I2.      

 ADDIN EN.CITE 

[2-5]
 maintain either explicitly or implicitly that the corresponding 2x2 channel matrix Q between the transmitter and receiver antennas should be obtained by multiplication of the projection matrices of eNB and UE together with the spatial correlation. Similarly with the expression given for DL MIMO in 1[]
, the total channel is the matrix product of eNB polarization, channel polarization and UE polarization for the downlink case
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, where PeNB(UE) is the projection matrix to the vertical and horizontal polarization directions. S is 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。} (Refer to Fig. 2)expressed as:
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That is 

[image: image14.wmf]22

,,,,,,

11

22

,,,,,

11

T

ijeNBillkUEkj

lk

T

eNBillkUEkj

lk

PSP

PSP

==

==

=

=

åå

åå

Q

  







 MACROBUTTON MTPlaceRef \* MERGEFORMAT (9)

Note that the row index of 
[image: image15.wmf]Q

is for BS and the column index is for MS. 
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Fig. 2 Cross-polarized antenna elements at UE and eNB with slant angles of {0,90} deg.                              
Then by substituting formulas (1) GOTOBUTTON ZEqnNum728895  \* MERGEFORMAT 
 and (2) GOTOBUTTON ZEqnNum123352  \* MERGEFORMAT 
 to(7) GOTOBUTTON ZEqnNum631583  \* MERGEFORMAT 
, it leads to
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, where
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The polarization matrix covariance matrix
[image: image19.wmf]cov

Γ

is given by：
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With respect to the assumption given in 6[]
, different polarization channel branches are supposed to be mutually uncorrelated. Thus it can be concluded that
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And
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It is defined as cross polarization power ratio (XPR) which is less than 1. 
Taking into account of (12)

 can be expressed as(14)

 as well, (11)

 and 


[image: image24.wmf]cov

1100

1100

1

0011

2

00111

XPRXPR

XPRXPR

XPRXPR

XPRXPR

+-+

éù

êú

-++

êú

=

êú

+-

êú

-+

ëû

Γ

   
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (15)

In addition, if we define a positive ratio less than 1, i.e.
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, formula (15)

 can be simplified to
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Similarly, the polarization correlation matrix for the case of UE with 1Tx antenna can be expressed by
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3. UL 8-Rx Spatial Correlation Matrix
The spatial correlation matrix used in this model structure is the result of the spatial correlation at the eNB
[image: image28.wmf]eNB
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, the spatial correlation at the mobile terminal antenna
[image: image29.wmf]UE
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and the polarization correlation
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. The spatial correlation matrix is the Kronecker product of these three correlation matrixes
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The same antenna indexing as used in DL MIMO with cross-polarized antennas is used here as well 7[]
. Thus the Nt Tx (or Rx) antennas are labelled such that antennas for one polarization are listed from 1 to Nt/2 and antennas from the other polarization are listed from Nt/2 + 1 to Nt, as shown in the following figures: 

[image: image32]
Fig. 3 Antenna indexing for 8 cross-polarized antennas at eNB

[image: image33]
Fig. 4 Antenna indexing for 4 cross-polarized antennas at UE
With above antenna labelling, the first row (or column) elements of spatial correlation coefficients matrix
[image: image34.wmf]R

with Nt Tx antennas and Nr Rx antennas refers to channel branches indexed by
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,where the pair of indices 
[image: image36.wmf])
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 refers to channel branch between i-th Tx antenna and j-th Rx antenna. 

Whereas in a MIMO system with Nt Tx antennas and Nr Rx antennas, it can be yielded that
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, where y is an Nrx1 column vector, x is an Ntx1 column vector and H is an NrxNt channel matrix which is defined as following
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Hij refers to the channel coefficient corresponding to the channel between ith Tx antenna and jth Rx antenna.
However, with respect to definition given by expression (19) GOTOBUTTON ZEqnNum623687  \* MERGEFORMAT 
 and the associated mapping of spatial correlation coefficients to channel branches explained by(20) GOTOBUTTON ZEqnNum332518  \* MERGEFORMAT 
, the channel matrix should take the form as: 
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By comparing formula (22) GOTOBUTTON ZEqnNum764416  \* MERGEFORMAT 
 with (23) GOTOBUTTON ZEqnNum511009  \* MERGEFORMAT 
, it can be easily concluded (23) GOTOBUTTON ZEqnNum511009  \* MERGEFORMAT 
 does not comply with the RAN1 indexing rule stated above, i.e. 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 refers to the number of transmit or receive antennas.
As shown in, simply by defining a (Nr* Nt)x(Nr* Nt) permutation matrix
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with elements as
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, a resulting channel matrix
[image: image42.wmf]H
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compliant with the labelling shown in expression (22) GOTOBUTTON ZEqnNum764416  \* MERGEFORMAT 
 can be defined as
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, where 
[image: image44.wmf]tap
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is the tap power, 
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 is  a  MIMO  channel  matrix  of  size Nr* Nt  with  complex  circular i.i.d. Gaussian random coefficients and operators
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perform vectorization and de-vectorization respectively. 
4. Conclusion
In this contribution we have further discussed MIMO correlation modelling for UL 8-Rx performance evaluation.  Based on the deduction shown above, we would like to make the following proposals:
1. The polarization correlation matrix for UL 8Rx cross-polarized antennas should be defined as
a) If UE is equipped with 1Tx antenna, the corresponding polarization correlation matrix is
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b) If UE is equipped with 2Tx antennas, the corresponding polarization correlation matrix is
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, where
[image: image50.wmf](
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2. The permutation matrix given in expression (24) GOTOBUTTON ZEqnNum295525  \* MERGEFORMAT 
 should be utilized so that the resulting channel matrix is compliant with the antenna indexing of the spatial correlation matrix used in DL MIMO with cross-polarized antennas.
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