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1. Introduction

There have been several contributions towards the definition of correlation matrices for RAN4. Nokia [1] presented an overview of MIMO correlation matrices which proposed correlation matrices for two ‘corner’ cases for low and high correlations. Ericsson presented a proposal in [3] based on a reduced number of taps for the SCME MIMO channel models which have been used for RAN1 evaluations. These SCME channel models are seen to be too complicated for RAN4 purposes and simpler models are required. The correlation matrices presented by Nokia in [1] were based on spatial correlations and reference [2] by Nokia recommends the inclusion of cross polarisation effects into the definition of these correlation matrices.
In this paper we present correlation matrices which are suitable for RAN4 testing for the low, medium and high correlation scenarios which include both spatial and polarisation effects. These proposed matrices include eNB configurations with one and two transmit antennas and UE with two receive antennas. 
At the time of writing RAN1 is investigating the issues involved with codebook definitions for dual polarisation scenarios for 4Tx MIMO configurations, and since these discussions are not yet finalised, the correlation matrices for dual polarisation have not been presented in this document. The issue of unequal antenna gains is also not addressed in this contribution.

Three correlation matrices, for low, medium and high correlations, based on both spatial and cross polarisation effects are proposed here, in a similar fashion as used in 802.16. However the same correlation matrix is defined over all taps in the interests of keeping complexity down and meeting in line with the pragmatic requirements of RAN4 conformance testing.
2. MIMO Correlation Matrices
The MIMO correlation matrix, 
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, can be considered as a combination of both spatial and cross polarisation matrices [4], where:
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The spatial and cross polarisation matrices are derived separately as described below and combined by element wise matrix multiplication. 

2.1 Spatial Correlation

The eNB and UE spatial correlation matrices for the 2x2 antennas are given by:
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where α and β are tabled below and depend on the two corner cases for high and low correlations which are the same as proposed in [1]. For an eNB with one Tx antenna for both high and low spatial correlations we have:
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We define the channel spatial correlation matrix, 
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, as:
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Table 1 below gives the values of α and β.
	Parameter
	Low Correlation
	High Correlation

	α
	0
	0.1

	β
	0
	0.7+0.1j


Table: 1

2.2 Cross Polarisation
For the 2x2 antenna configurations, two scenarios are considered:

Antenna configuration 1: the eNB and UE each have two antennas which are vertically polarised
Antenna configuration 2: the eNB antennas are cross slant polarised, ie ±45°, and the UE is cross polarised , ieVH.
The cross polarisation ratio, XPR, gives a measure of the polarisation effects of the whole system and includes propagation characteristics as well as the gain patterns of the transmit and receive antennas. The total channel matrix for cross polarisation is given by:
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where the polarisation matrices, 
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P

 and 
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, are rotational matrices which map antenna polarisations from the eNB and UE into the vertical and  horizontal dimensions, where, for antenna configuration 1:
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and for antenna configuration 2:
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The channel polarisation matrix is given by:
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which describes the channel polarisation and the ITU scenarios assume 0dB for the horizontal/horizontal and vertical/vertical components and a -8dB per tap power ratio between vertical/horizontal and horizontal/vertical components. The proposed correlation matrices for RAN4 use the same correlation matrix for all taps. The total channel matrix,
[image: image16.wmf]Q

, for the antenna configuration 1 is given by:
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and for antenna configuration 2:
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The cross polarisation covariance matrix, Γ, is defined as:
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The two polarisation covariance matrices for the two antenna configurations become:


[image: image20.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

G

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

 and


[image: image21.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

=

G

1585

.

1

8415

.

0

0

0

8415

.

0

1585

.

1

0

0

0

0

1585

.

1

8415

.

0

0

0

8415

.

0

1585

.

1

2

1

respectively.
Note that we assume
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and that all the cross terms are 0.

The polarisation covariance matrix is normalised to the polarisation correlation matrix, 
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, which are listed below:
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 for antenna configuration 1 and 
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 for antenna configuration 2
where 
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2.3 MIMO Correlation Matrices
There are three proposed correlation matrices to be used for RAN4 with low, medium and high correlations based on three of the four combinations of spatial correlation and antenna configurations described above.
These matrices are listed here:
Low correlation case:
The low correlation case is derived from the low spatial correlation and antenna configuration 1, which gives:
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Medium correlation case:

The medium correlation case is derived from the high spatial correlation and antenna configuration 1, which gives:
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 where 
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High correlation case:

The medium correlation case is derived from the high spatial correlation and antenna configuration 2, which gives:
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where 
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3. Conclusions

This contribution presents three correlation matrices to be used for RAN4 testing which cover the low, medium and high correlation cases. These matrices were derived from both spatial and cross polarisation models of the transmission channel and the same correlation matrix is to be used for all paths in the propagation channel model.
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