3GPP TSG-RAN WG4 Meeting #44
Tdoc R4-071317
Athens, Greece, 20th – 24th August 2007

Title:
Discussion on per channel versus per path correlation
Source:
Agilent Technologies

Agenda Item:
8.3.2

Document for:
Discussion
1. Introduction 

In many standards per path correlation approach for MIMO channel models has been used to introduce spatial correlation. Recently, a similar approach has been used in [1]. There has been concern on the complexity due to per path spatial correlation. In this paper, it will be shown that for the per path spatial correlation approach, the spatial correlation of all the sub-carriers across the channels is the same. That is, there will be an equivalent per channel correlation spatial correlation matrix. In this report, the equivalent per channel spatial correlation matrix is derived based on the per path spatial correlation matrix.

2. Lemma

(1) Per path spatial correlation will result in the same spatial correlation for all the sub-carriers across the channels

(2) For each set of per path spatial correlation, there will be an equivalent per channel spatial correlation matrix uniquely determined by the per path spatial correlation matrix and the power delay profile.

3. Variable Description

(1) 
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：Time to Frequency transform matrix, 
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 is the multi-path number and 
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is the total sub-carrier number;

(2) 
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: The 
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 path matrix, 
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 is the total channel number, 
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 is the channel index all the elements in this matrix follow independent complex Gaussian distribution;
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: Square root of the 
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 path correlation matrix, where 
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 represent the spatial correlation matrix for transmitter and receiver respectively, 
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 and 
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are the channel index;

(4) 
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 path of 
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channel after applying the correlation between channels;

(5)
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: The channel frequency response over 
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 sub-carrier of 
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channel;

4. Proof:

Here we consider the correlation between 
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If and only if when 
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 is normalized power of the 
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 path, otherwise 
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, then the above equation can be re-written as:
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Then the frequency response correlation matrix over 
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 sub-carrier for all channels is 
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From Eq. (3), we can see even if we consider per path spatial correlation, the correlation matrix on ith sub-carrier across the channels is independent of the sub-carrier index. That means all the sub-carriers share the same correlation property. Here the first statement is proved.

Furthermore, if the spatial correlation is per channel, all the paths share same correlation matrix
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, Using the same derivation, the spatial correlation matrix for sub-carrier i is as follows:
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Thus if per channel correlation is applied, then the spatial correlation matrix for each sub-carrier will be the same as the per channel spatial correlation matrix.

Compare Eq. (3) and (4), if we set
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, per path correlation model and per channel model will have same correlation property over sub-carriers across channels. Thus 
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 is the equivalent per channel correlation matrix for the per path correlation with per path correlation matrix.

5. Conclusion

For each per path correlation, there will be an equivalent per channel correlation. Per path correlation is more realistic to the real channel conditions. The results in this discussion shows that it is possible to both use more realistic channel models and achieve a low simulation complexity at the same time. 
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