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Rank-1 Calculation for 4xN channels 

Ron Porat

Mitsubishi Electric Research Labs
1. Introduction
This contribution extends the results of a previous contribution [1] whereby the SVD of a general 2xN channel was shown to have a simple closed form solution.
We provide an extension to 4xN channels. The closed form solution is not mathematically optimal but provides practically close to optimal performance. 

The idea can be used in the same way for larger size channels.
A typical usage scenario is for an MS with 4 antennas estimating a joint rank-1 precoder for multi-BS scenario.

2. Rank-1 Calculation
The main idea is to concentrate on 
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which is of size Nx4 and find the optimal gain and phase combining weights of the two right singular vectors of 
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.  The optimal solution for the right singular vector of an Nx2 channel was given in [1]. 

Denote by 
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 the two right singular vectors of the two Nx2 channels. 
We would like to solve 
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The solution for 
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 is straightforward and given by 
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The solution for 
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can now be found by solving 
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Differentiating 
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 and equating to zero we can arrive at a quadratic equation in
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, the solution of which (skipping a few stages) is 
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Finally the rank-1 solution to H is given by 
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3. Simulation Results

The following plot shows the rank-1 SU-MIMO effective channel-norm loss using this formula as compared to the optimal SVD based rank-1 precoding. Uncorrelated flat fading 4x4, 4x8 and 4x12 channels were simulated.
It can be seen that the loss assuming perfect channel knowledge is minimal.
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We have also simulated this formula for MU-MIMO using regularized ZF for 4x8 channel in SCM Suburban Macro.

The BS was assumed to have 4 closely spaced cross-pols XXXX or two clusters [XX  XX] and the MS 2 closely spaced cross-pols ++ (V-H).

Other simulation assumptions were 3kmph, 5mS feedback delay and 4PRB band size and perfect channel estimation and feedback.

The spectral efficiency loss as compared to perfect SVD based was found to be 0.5% in all SNR ranges
Conclusion

The closed form formula provides practically close to perfect solution for rank-1 calculation for any 4xN channel.
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