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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 itself; thus, there is no significant or practical difference between the calcuated matrices listed in TS36.101 and the adjusted matrices.   
The algorithm weighs the terms of the correlation matrix by the least amount possible to achieve a positive semidefinite result.  The weighting matrix W is then element-wise multiplied by the full precision correlation matrix R_calculated and rounded to 4 digit precision to obtain the new correlation matrix R_new.  
R_new = W.*R_calculated
A difference matrix R_diff is shown below to indicate which elements were rounded differently after correction.  This matrix is given by the following equation, where R_rounded is the original non-positive semi-definite matrix with 4 digit precision:

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, less than half of the elements are changed by 0.0001 to achieve a positive semi-definite result.  This small difference, on the order of the round off error would be virtually impossible to detect or measure.

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 difference matrix indicating which elements are adjusted to achieve a positive semi-definite result. (R_diff)  
3. The final corrected matrix rounded to 4 digits of precision.  (R_new)
R_rounded (4x2 high correlation) 
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R_diff (value subtracted from R_rounded to obtain a positive semi-definite result)
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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_rounded (4x4 medium correlation, assuming α = 0.3 and β=0.9  )  
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R_diff (value subtracted from R_rounded to obtain a positive semi-definite result)
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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_rounded (4x4 high correlation)   











(non-positive semi-definite)

[image: image7.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

    

0.9884

    

0.9543

    

0.9000

    

0.9884

    

0.9769

    

0.9431

    

0.8895

    

0.9543

    

0.9431

    

0.9106

    

0.8588

    

0.9000

    

0.8895

    

0.8588

    

0.8100

  

0.9884

    

1.0000

    

0.9884

    

0.9543

    

0.9769

    

0.9884

    

0.9769

    

0.9431

    

0.9431

    

0.9543

    

0.9431

    

0.9106

    

0.8895

    

0.9000

    

0.8895

    

0.8588

  

0.9543

    

0.9884

    

1.0000

    

0.9884

    

0.9431

    

0.9769

    

0.9884

    

0.9769

    

0.9106

    

0.9431

    

0.9543

    

0.9431

    

0.8588

    

0.8895

    

0.9000

    

0.8895

  

0.9000

    

0.9543

    

0.9884

    

1.0000

    

0.8895

    

0.9431

    

0.9769

    

0.9884

    

0.8588

    

0.9106

    

0.9431

    

0.9543

    

0.8100

    

0.8588

    

0.8895

    

0.9000

  

0.9884

    

0.9769

    

0.9431

    

0.8895

    

1.0000

    

0.9884

    

0.9543

    

0.9000

    

0.9884

    

0.9769

    

0.9431

    

0.8895

    

0.9543

    

0.9431

    

0.9106

    

0.8588

  

0.9769

    

0.9884

    

0.9769

    

0.9431

    

0.9884

    

1.0000

    

0.9884

    

0.9543

    

0.9769

    

0.9884

    

0.9769

    

0.9431

    

0.9431

    

0.9543

    

0.9431

    

0.9106

  

0.9431

    

0.9769

    

0.9884

    

0.9769

    

0.9543

    

0.9884

    

1.0000

    

0.9884

    

0.9431

    

0.9769

    

0.9884

    

0.9769

    

0.9106

    

0.9431

    

0.9543

    

0.9431

  

0.8895

    

0.9431

    

0.9769

    

0.9884

    

0.9000

    

0.9543

    

0.9884

    

1.0000

    

0.8895

    

0.9431

    

0.9769

    

0.9884

    

0.8588

    

0.9106

    

0.9431

    

0.9543

  

0.9543

    

0.9431

    

0.9106

    

0.8588

    

0.9884

    

0.9769

    

0.9431

    

0.8895

    

1.0000

    

0.9884

    

0.9543

    

0.9000

    

0.9884

    

0.9769

    

0.9431

    

0.8895

  

0.9431

    

0.9543

    

0.9431

    

0.9106

    

0.9769

    

0.9884

    

0.9769

    

0.9431

    

0.9884

    

1.0000

    

0.9884

    

0.9543

    

0.9769

    

0.9884

    

0.9769

    

0.9431

  

0.9106

    

0.9431

    

0.9543

    

0.9431

    

0.9431

    

0.9769

    

0.9884

    

0.9769

    

0.9543

    

0.9884

    

1.0000

    

0.9884

    

0.9431

    

0.9769

    

0.9884

    

0.9769

  

0.8588

    

0.9106

    

0.9431

    

0.9543

    

0.8895

    

0.9431

    

0.9769

    

0.9884

    

0.9000

    

0.9543

    

0.9884

    

1.0000

    

0.8895

    

0.9431

    

0.9769

    

0.9884

  

0.9000

    

0.8895

    

0.8588

    

0.8100

    

0.9543

    

0.9431

    

0.9106

    

0.8588

    

0.9884

    

0.9769

    

0.9431

    

0.8895

    

1.0000

    

0.9884

    

0.9543

    

0.9000

  

0.8895

    

0.9000

    

0.8895

    

0.8588

    

0.9431

    

0.9543

    

0.9431

    

0.9106

    

0.9769

    

0.9884

    

0.9769

    

0.9431

    

0.9884

    

1.0000

    

0.9884

    

0.9543

  

0.8588

    

0.8895

    

0.9000

    

0.8895

    

0.9106

    

0.9431

    

0.9543

    

0.9431

    

0.9431

    

0.9769

    

0.9884

    

0.9769

    

0.9543

    

0.9884

    

1.0000

    

0.9884

  

0.8100

    

0.8588

    

0.8895

    

0.9000

    

0.8588

    

0.9106

    

0.9431

    

0.9543

    

0.8895

    

0.9431

    

0.9769

    

0.9884

    

0.9000

    

0.9543

    

0.9884

    

1.0000

  

_

rounded

R


R_diff (value subtracted from R_rounded to obtain a positive semi-definite result)
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R_new (new 4x4 high correlation)   










(positive semi-definite)
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The matrix R_new is “Rhigh” in 36.101.

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

Adjustments were extremely small with the worst case correlation term being adjusted by the least significant digit (0.0001) which is on the order of the round-off error.  This small difference in correlation would be virtually impossible to detect or measure.
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