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1 Introduction
In recent meetings, UE feedback in support of downlink (DL) multi-antenna operations has been extensively discussed. In general we support to use Rel-8 type feedback in Rel-10. On the other hand, sometimes Rel-8 type feedback may not well support multi-layer MU-MIMO. Therefore, some additional feedback to support multi-layer MU-MIMO is desired.
Due to the overhead considerations, in general such additional feedback should have low overhead. Therefore, channel statistic seems an attractive candidate because it can be reported with relatively long periodicity. However, simple transmit covariance, which is widely used in the precoder design of MU-MIMO and CoMP, may not really help to enable multilayer MU-MIMO. In this contribution, we  describe a statistic model that includes transmit covariance matrix as a special case and can be used to 1) enable multilayer MU-MIMO and 2) improve outage performance for single layer MU-MIMO.
2 UIU-model description
2.1 Tx/Rx Description

Let the channel fading matrix corresponds to a 
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 fading matrix, 
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 correspond to the number of antennas at UE and eNB, respectively. The transmit covariance matrix may be defined to be:
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The defined Tx covariance matrix has been widely used to enhance DL MU-MIMO transmission under the assumption of single layer per UE. However, in general it is unclear if multi-layer transmission can be designed based on the knowledge of Tx covariance matrix in both MU-MIMO and SU-MIMO.
The main reason that difficult to design multi-layer transmission is receive side correlation is unknown at the eNB side. If receive side fading is fully correlated, even if the Tx covariance corresponds to an identity matrix, it is still not possible transmit multi-rank signals. Therefore, receive side knowledge is also helpful at eNB side.

An improved feedback method is to utilize the knowledge of Rx covariance matrix at the eNB. The Rx covariance matrix has been defined as:
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In general, a non-ill-conditioned Rx covariance matrix means that multi-rank transmission is possible. However, the knowledge of Rx covariance matrix still may not provide sufficient knowledge to carrier optimal precoding. Here we show a more general statistic model that includes Rx/Tx covariance structure as a special case and enables better precoder design. Details of such model has been discussed as in [1]
2.2 UIU model description

The model may be mathematically described as:
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where 
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 corresponds to eigen vectors of 
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 corresponds to a zero mean complex Gaussian matrix with independent identically distributed elements, 
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 denotes Hadamard (element wise) product, and 
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 is a 
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 deterministic matrix with real non-negative elements. One arbitrary example of 
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 for 4tx and 2rx scenario may be like:
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. Because the channel fading matrix is expressed as an independent fading matrix with unitary rotation at both left side and right side, the model may be called “unitary-independent-unitary” (UIU) model.
2.3 Relationship between UIU model and Tx/Rx Covariance model
An intuitive description of UIU model is shown in Fig. 1. It can be understood that the matrix 
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 physically corresponds to the strength of scatterers located in different spatial directions.
There is a nice relationship between UIU model and Tx/Rx covariance model. Actually, the eigen value of Tx covariance matrix is 
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, while the eigen value of Rx covariance matrix is 
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. Therefore, it is clear that Tx/Rx covariance model is a special case of UIU model. Moreover, in case that matrix 
[image: image21.wmf]M

 is single rank, UIU model becomes equivalent to Tx/Rx covariance model.
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Fig.1 Intuitive illustration of UIU model
Intuitively, precoder based on UIU model should yield better performance than Tx covariance based precoder. For example, if the matrix 
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 (assuming 2 antennas at eNB and 2 antennas at UE) corresponds to
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Clearly Tx and Rx covariance matrix would be both identity matrix. Therefore, precoder based on Tx/Rx covariance would be to carry out isotropic transmission, i.e., no precoding is needed. However, the actually optimal precoder, which is based on UIU model, is to precode the two streams using the eigen vectors of Tx covariance. The performance difference can be vastly different.
2.4 Usage of UIU Model

Feeding back UIU model to the eNB has multiple advantages. The first merit is to allow multi-layer transmission for both SU and MU MIMO. SU multi-layer transmission has been well studied in [2]. The MU multi-layer transmission may be simply pairing UEs whose precoding vectors are approximately spatially orthogonal.
The second merit is to allow the knowledge of actual receive correlation at the eNB for arbitrary precoding vector. eNB may exploit such information to improve outage performance for both single layer and multi layer transmissions.
4. Conclusions
 In this contribution we presented a statistic MIMO channel model that can enable multi-layer MIMO and help to improve outage performance. Information regarding such model may be feedback to eNB side in addition to Rel-8 type feedback to enhance both MU-MIMO and SU-MIMO performance. 
[1] W. Weichselberger, M. Herdin, H. Özcelik, E. Bonek, A Stochastic MIMO Channel Model With Joint Correlation of Both Link Ends, IEEE Transactions on Wireless Communications, 5(1) , pages 90 - 99, 2006.
[2] A. Lozano, A. Tulino and S. Verdú, Capacity-Achieving Input Covariance for Single-user Multi-Antenna Channels, IEEE Transactions on Wireless Communications, vol. 5, no. 3, pp. 662-671, March 2006
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