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1. Introduction 
This contribution discusses the importance of successive feedback refinement, in particular for closely-spaced and widely-spaced cross-polarized antennas. 

2. The role of successive feedback refinement
In [1] operators give a clear view about the priority of different antenna configurations in real systems. It seems clear that both closely-spaced and widely-spaced cross-polarized antennas represent attractive antenna configurations.
According to the agreed way forward for Rel-10 feedback [2], the main focus for feedback design has been put, up to now, on the exploitation of spatial correlation.  According to this way forward, a precoder 
[image: image1.wmf]W

 for a subband is composed of two matrices, one of which targets wideband and/or long-term channel properties, denoted by 
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, and the other targets frequency-selective and/or short-term channel properties, denoted by 
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. So far, many two-stage feedback solutions have been proposed (see [3-8]). For an FDD system with 
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 transmit antennas and 
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 layers per user, whether 
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 square matrix [3-5], or is a 
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matrix [6-7], or a 
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 matrix [8] has been under discussion. 
In [9], it was discussed that both the “square-matrix” approach [3-5] and the “tall-matrix” approach [6-8] are effective only for correlated antennas. It was shown that:
1) Square matrix approach. The first component targets a linear transformation of the quantization space in such a way that the precoding vector density is increased and thereby the quantization error is reduced in preferred directions. The second component targets selecting a vector within the transformed space.  
2) Tall matrix approach. The first component targets for aligning the signals sent by antennas having the same polarization towards the direction of the kth user, while the second component targets the equivalent low-rank channel across different polarizations. 
From 1) and 2) above, it seems clear that, on its own, the two-PMI component framework agreed in RAN1 is not the most suitable for the case of low-correlation at the transmit side.
To improve the channel under the assumption of low-spatial correlation, different proposals in RAN 1 target refinement of the feedback channel by combining different time/frequency feedback reports [10-17]. The common idea is to allow the refinement of 
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 in time or frequency, exploiting different feedback reports. We emphasize that successive feedback refinement is also beneficial for the case of correlated antennas. 
In [11] it has been discussed how it is critical to try to exploit both time and space correlation. Evaluation based on simulation results showed that spatial-correlation (under the assumption of square matrix approach) provides up to 25% gain over LTE Rel-8 feedback in the most favorable scenario like correlated antenna with feedback period of 60ms. On the other hand hierarchical feedback has been shown to provide 37% gain in the most favorable scenario of stationary users with uncorrelated antennas. These gains seem to be quite high. 
Proposal 1: In order to improve the performance, the CSI feedback should be designed in order to exploit time and/or frequency correlation via successive feedback refinement. 

The next steps for evaluation of the different proposals for successive refinement of the interference shall include
1) Evaluation of the robustness with respect to channel error in the feedback channel.
2) Evaluation of the robustness with respect to channel variations.
3) Evaluation of the performance improvement in different antenna configuration scenarios.

Proposal 2: The different proposals for successive feedback refinement should be evaluated taking into account robustness w.r.t. errors in the feedback channels, robustness w.r.t. channel variations and performance improvement in different antenna configuration scenarios.

3. Conclusions

This contribution discusses the importance of successive feedback refinement, for the case of low-correlation between transmit antennas. Such a case, seems to have a high importance due to the priority given by the operators to closely-spaced and widely-spaced cross polarized antennas.
We propose:
Proposal 1: In order to improve the performance, the CSI feedback should be designed in order to exploit time and/or frequency correlation via successive feedback refinement. 

Proposal 2: The different proposals for successive feedback refinement, should be evaluated taking into account robustness w.r.t. errors in the feedback channels, robustness w.r.t. channel variations and performance improvement in different antenna configuration scenarios.
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