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Background

The present text in TR 36.803 [1] for correlation matrices is based on a joint contribution from RAN4#44 in Athens [2] that introduces a low, medium and high correlation matrix (2x2), based on specified antenna correlation at the BS (α) and the UE (β), all based on an assumed antenna configuration.

In advance of RAN4#44bis in Shanghai, there was an off-line discussion around the selected correlation matrices, where the conclusion was that the medium and high correlation scenarios were too similar and that the high correlation should be increased to really be closer to full correlation. In this off-line discussion, Ericsson also proposed to use a more pragmatic approach not based on antenna configurations, but rather with “artificial” α and β values of 0.9 to define the “high correlation” matrix.

In order to assess the level of correlation, a method was proposed at RAN4#44bis and agreed in [3], where a “λ parameter” is introduced to indicate the correlation in terms of capacity relative to zero and full correlation. In a detailed analysis and proposal submitted to RAN4#45 in [4], “medium” and “high” correlation matrices (2x2 and 1x2) are derived and selected with λ≈0.5 (medium correlation) and λ≈0.9 (high correlation).

While the resulting matrices can be useful, Ericsson believes that we should take one more look at what performance requirement the matrices should really be used for, before making the final selection. This paper makes a modified proposal based on the more pragmatic approach mentioned above.

Discussion

In the discussion of channel models and correlation matrices, “antenna configurations” based on SCM and similar scenarios have been used to some extent in most proposals. While this gives a sense of “realism”, it may not always be optimal in terms of selecting proper test conditions for receiver demodulation. We would therefore like to take a more pragmatic approach, starting by looking at the intended use of the matrices. While such a pragmatic approach may look simplified, it should be pointed out that whatever channel conditions are selected for the performance requirement, the corresponding performance values will have little use beyond testing. The level of realism is therefore of less importance.

The main intended use for the correlation matrices in defining performance requirements is the following:
· For MIMO: The most important case is the low correlation that defines the max throughput achievable with MIMO. In addition it may be useful to have a high correlation case.

· For SFBC: Similarly, Transmit diversity should have low correlation at the BS transmitter to achieve max throughput, while it should have high UE antenna correlation to suppress receiver diversity.

The important low correlation matrix is already chosen (zero correlation). It is proposed to have a high correlation case similar to what is proposed in [4]. A pragmatic choice giving real-valued matrices is α=β=0.9, which corresponds to a capacity indication λ≈0.85 (SNR=15 dB) for the 2x2 matrix. See Annex B for more details on the λ-value.
For SFBC, a “medium” correlation case tailored to Tx diversity testing can be designed using a very low correlation at the BS and a high correlation at the UE, where the values α=0.3 and β=0.9 are proposed as a pragmatic choice. This corresponds to a capacity indication λ≈0.56 (SNR=15 dB) for the 2x2 matrix. As shown in Annex B, an even more pragmatic choice of α=0 would give a very similar capacity indicator at λ≈054 (SNR=15 dB). 
For the 1x2 and 2x1 matrix, the analysis in Annex B shows that the proposed values α=0.9 and β=0.9 for the high correlation case give a reasonably high level of correlation, with λ≈0.91 and λ≈0.92 respectively. The proposed values for the medium correlation scenario of α=0.3 and β=0.9 does not give good correlation values however and will need to be revised.
Proposal

It is proposed that the attached text proposal is merged into the latest version of TR 36.804.
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Annex A. Text proposal for TR 36.804:

B.2.2.3
Multi-Antenna channel models
B.2.2.3.1 Background

The LTE MIMO channel model is defined by applying the same correlation matrix to the multipaths defined in Section B.2.2.1. Three types of correlations are defined namely high, medium and low correlation. The low correlation matrix will have no correlation and simply becomes the identity matrix. The following discussion then concentrates on the high and medium correlation types. No particular antenna configurations are provided although it is implicitly assumed that linear spatial arrays of 1, 2, or 4 elements are used at eNB and UE. The correlation matrices are specified via an eNB spatial correlation between adjacent antennas  and a UE spatial correlation between adjacent antennas .





The correlation matrix for the eNB with two antennas is represented as follows:
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and with one antenna, the correlation matrix for the eNB reduces to:
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The correlation matrix for UE is represented as follows:
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and with one antenna, the correlation matrix for the UE reduces to:
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The parameters α and β are defined in Table B.2.2.1 and define the spatial correlation between the antennas at the eNB and UE.
We define the channel spatial correlation matrix for 2x2 case, 
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, as:
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and for the 1x2 case:
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For cases with more antennas at either eNB or UE or both, the channel spatial correlation matrix can still be expressed as the Kronecker product of 
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 for these cases the explicit elements will not be given here. 
The 
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 and 
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 for different correlation types are given in Table B.2.2.1.
Table B.2.2.1

	Low correlation
	Medium Correlation
	High Correlation
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B.2.2.3.2 Correlation Matrix Defintions
The correlation matrices for high correlation for 1x2 and 2x2 respectively are:
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The correlation matrices for medium correlation for 1x2 and 2x2 respectively are:
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The correlation matrices for low correlation is (no correlation) for 1x2 and 2x2 respectively are:
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B.2.2.3.3 Correlation Matrix Application
[This section is to be completed with a clear definition of the application of these correlation matrices, see for example  R4-070141]
Annex B. Evaluation of λ for the proposed matrices

The λ-values shown in Figures 1 to 3 are based on the agree method in [3] for calculating the capacity indicator λ. The high correlation matrix has α=0.9 and β=0.9. The medium correlation matrix has β=0.9 and α as indicated in the legend of each figure.
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Figure 1  λ-value vs. SNR for 2x2 correlation matrices.
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Figure 2  λ-value vs. SNR for 1x2 correlation matrices (diversity at the UE).
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Figure 3  λ-value vs. SNR for 1x2 correlation matrices (diversity at the BS).
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