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1. Introduction
Correlation matrices for 1x2, 2x2, 4x2, and 4x4 MIMO configurations have been included/provided in TS36.101 based on calculations for Low, Medium, and High correlation scenarios.  The final correlation matrices have been listed with 4 digit precision in TS36.101.  This is a reasonable limit since higher levels of precision, such as 8 digits of precision would be impossible to verify via measurement or simulation.
In [1], the rounded 4 digit precision correlation matrices for some 4x2 and 4x4 cases were shown to be non-positive semi definite. 
A solution to the non-positive semi-definite result is presented along with new correlation matrices for these cases.
2. Adjustment Algorithm to obtain Positive Semi-definite Correlation Matrices

A simple algorithm is used to adjust the correlation matrices, which are non-positive semidefinite.  The adjustement is of the order of the round-off error; thus there is no significant or practical difference between the calcuated matrices listed in TS36.101 and the adjusted matrices.   
The spatial corrrelation matrices for the 4x2 and 4x4 case are defined in TS36.101 as:
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Where Rspat is rounded off to 4 digit precision (R_rounded).  In come cases, the rounding-off produces some small negative eigenvalues, which makes the correlation matrix non-positive semi-definite. Therefore, some adjustment is necessary to make the correlation matrices positive semi-definite. 
R_spatial can written as an eigenvalue decomposition as:  
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Where 
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is an unitary matrix containing the eigenvectors, and 
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is a diagonal matrix, i.e.
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 are the eigenvalues and are sorted in desending order. 
Now with the addition of a small scaling value “a” to the main diagonal, the negative eigenvalues can be made positive.

This is described by the following equation:
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Therefore:
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Which will be positive when the value “a” is greater than or equal to the largest negative eigenvalue, i.e. 
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Now the matrix is normalized to obtain the final form. 
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R_new is rounded to 4 digit precision.  This equation is based on the modification to the eigen values in order to eliminate the small negative values, which result from the round-off error. The full precision matrix R_spatial is used before rounding and the values for “a” necessary to obtain the Positive Semi-definite matrices are shown in table 1.

Table 1  Weighting values

	Non-positive Semi-definite Case
	“a” to obtain Positive Semi-definite

	4x2 high
	0.00010

	4x4 medium (TBD case)
	0.00012

	4x4 high
	0.00012


A difference matrix R_diff is shown below to indicate which elements were different after rounding between the original matrix (R_rounded) and the corrected matrix (R_new).  
R_diff = R_rounded – R_new

This technique produces a positive semi-definite matrix with extremely small differences from the original matrix.  In each matrix shown, the elements are changed by 0.0001 to 0.0002 to achieve a positive semi-definite result.  
3. Corrected Matrices

In the data below, the different MIMO configurations which have non-positive semi-definite matrices are shown:  
4x2 high correlation, 
4x4 medium correlation (assuming α = 0.3 and β=0.9) and, 
4x4 high correlation.  
For each MIMO configuration, three matrices are shown:

1. The original correlation matrix rounded to 4 digits of precision.  (R_rounded)
2. The final corrected matrix rounded to 4 digits of precision.  (R_new)
3. The difference matrix (R_diff) indicating which elements are different after rounding to achieve a positive semi-definite result.
R_rounded (4x2 high correlation) 









(non-positive semi-definite)
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R_new (new 4x2 high correlation matrix) =




(positive semi-definite)
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The matrix R_new is “Rhigh” in 36.101.
 R_diff (value subtracted from R_rounded to obtain a positive semi-definite result)
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R_rounded (4x4 medium correlation, assuming α = 0.3 and β=0.9  )  





(non-positive semi-definite)
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R_new (new 4x4 medium correlation, assuming α = 0.3 and β=0.9  )
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The matrix R_new is “Rhigh” in 36.101.
R_diff (value subtracted from R_rounded to obtain a positive semi-definite result)
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R_rounded (4x4 high correlation)   











(non-positive semi-definite)
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R_new (new 4x4 high correlation)   










(positive semi-definite)

[image: image22.wmf]ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

=

1.0000

    

0.9882

    

0.9541

    

0.8999

    

0.9882

    

0.9767

    

0.9430

    

0.8894

    

0.9541

    

0.9430

    

0.9105

    

0.8587

    

0.8999

    

0.8894

    

0.8587

    

0.8099

  

0.9882

    

1.0000

    

0.9882

    

0.9541

    

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9430

    

0.9541

    

0.9430

    

0.9105

    

0.8894

    

0.8999

    

0.8894

    

0.8587

  

0.9541

    

0.9882

    

1.0000

    

0.9882

    

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9105

    

0.9430

    

0.9541

    

0.9430

    

0.8587

    

0.8894

    

0.8999

    

0.8894

  

0.8999

    

0.9541

    

0.9882

    

1.0000

    

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8587

    

0.9105

    

0.9430

    

0.9541

    

0.8099

    

0.8587

    

0.8894

    

0.8999

  

0.9882

    

0.9767

    

0.9430

    

0.8894

    

1.0000

    

0.9882

    

0.9541

    

0.8999

    

0.9882

    

0.9767

    

0.9430

    

0.8894

    

0.9541

    

0.9430

    

0.9105

    

0.8587

  

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9882

    

1.0000

    

0.9882

    

0.9541

    

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9430

    

0.9541

    

0.9430

    

0.9105

  

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9541

    

0.9882

    

1.0000

    

0.9882

    

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9105

    

0.9430

    

0.9541

    

0.9430

  

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8999

    

0.9541

    

0.9882

    

1.0000

    

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8587

    

0.9105

    

0.9430

    

0.9541

  

0.9541

    

0.9430

    

0.9105

    

0.8587

    

0.9882

    

0.9767

    

0.9430

    

0.8894

    

1.0000

    

0.9882

    

0.9541

    

0.8999

    

0.9882

    

0.9767

    

0.9430

    

0.8894

  

0.9430

    

0.9541

    

0.9430

    

0.9105

    

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9882

    

1.0000

    

0.9882

    

0.9541

    

0.9767

    

0.9882

    

0.9767

    

0.9430

  

0.9105

    

0.9430

    

0.9541

    

0.9430

    

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9541

    

0.9882

    

1.0000

    

0.9882

    

0.9430

    

0.9767

    

0.9882

    

0.9767

  

0.8587

    

0.9105

    

0.9430

    

0.9541

    

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8999

    

0.9541

    

0.9882

    

1.0000

    

0.8894

    

0.9430

    

0.9767

    

0.9882

  

0.8999

    

0.8894

    

0.8587

    

0.8099

    

0.9541

    

0.9430

    

0.9105

    

0.8587

    

0.9882

    

0.9767

    

0.9430

    

0.8894

    

1.0000

    

0.9882

    

0.9541

    

0.8999

  

0.8894

    

0.8999

    

0.8894

    

0.8587

    

0.9430

    

0.9541

    

0.9430

    

0.9105

    

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9882

    

1.0000

    

0.9882

    

0.9541

  

0.8587

    

0.8894

    

0.8999

    

0.8894

    

0.9105

    

0.9430

    

0.9541

    

0.9430

    

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9541

    

0.9882

    

1.0000

    

0.9882

  

0.8099

    

0.8587

    

0.8894

    

0.8999

    

0.8587

    

0.9105

    

0.9430

    

0.9541

    

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8999

    

0.9541

    

0.9882

    

1.0000

  

_

new

R


The matrix R_new is “Rhigh” in 36.101.
R_diff (value subtracted from R_rounded to obtain a positive semi-definite result)
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_

diff

R


4. Conclusions:
Corrected correlation matrices were generated using a simple scaling to adjust the values necessary to produce a positive semi-definite result.  
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