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1 Introduction

In RAN#57 the WID of further Downlink MIMO Enhancement for LTE-Advanced was agreed [1].  Simulation assumptions and scenarios have further agreed in [2] to reduce divergence of performance evaluations identified in [3] as much as possible. 
In this contribution, we summarise a few methods of downlink MIMO enhancement which we believe to be the most promising, by improving feedback granularity and enhancing  control of rank/PMI reporting. 
2 Finer spatial granularity for PMI for 4Tx CLA
4Tx CLA (Cross-polarized Linear Antenna) configurations are widely used for real network deployments in order to take advantage of polarization diversity and compact radome size. Improved MU-MIMO performance can be obtained by means of a PMI codebook with finer spatial resolution.

In order to achieve this, we propose a codebook similar to the 8Tx codebook introduced in Rel 10, with a two-stage structure W=W1W2, where W1 is a 4x4 matrix corresponding to a long term and/or wideband channel properties, and W2 is short-term/narrowband channel estimation quantizing beam/column selection for each polarization, phase shift and/or amplitude difference between two polarizations. 
The matrix W1 represents long-term and/or wideband channel information for antenna elements with the same polarization of a 4Tx CLA. It can be shown with following block diagonal form:
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where V is a 2x2 matrix with two orthogonal/non-orthognal column vectors represented by V = [u1, u2] where u1 and u2 are quantized by DFT vectors with Nu bits.  As an example, the matrix V can be represented with 
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 where N=8 and n = [0, …,3] with Nu=2. 
The matrix W2 represents short-term and/or subband channel estimation for each polarization and the impact of XPD for 4Tx CLA. 
· For rank 1: 
· 
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where 
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 is a 2x1 selection vector with all zeros except for the n-th element with value 1. Therefore two column vectors of W1 can be independently selected for each polarization with 2 bits. The phase shift between two polarizations can be quantized by Nθ bits and the amplitude imbalance α is quantized by Nα bits. Note that if
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, proposed W2 design has constant modulus. For rank 2 and higher ranks, the codebook can be obtained by selecting several columns from the householder transform matrix based on the rank 1 codebook design.  
If W2 is designed to be constant modulus, it has the attractive feature that the legacy 4Tx codebook is a subset of it. This provides finer spatial resolution with 64 non-overlapped codebook entries. As an example, one layer Rel 8 codebook of 4Tx can be represented with 2 bits W1 (Nu = 2) and 4 bits W2 (2 bits for column selection, Nθ = 2 and Nα = 0) as follows:
Table 1  Legacy and Proposed Codebook for Layer 1 Transmission of 4Tx
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Proposal 1: Finer spatial granularity should be introduced for the 4 tx PMI feedback, by means of the codebook proposed above. 
3 PUSCH Mode 3-2

In [5-6], simulations with finer feedback granularity in the frequency domain suggest around 6-10% gain even with the Rel 8 codebook. Improved feedback granularity in the frequency domain with sub-band PMI feedback via PUSCH mode 3-2 (together with the enhanced PMI codebook proposed above) is considered to be important for MU-MIMO in order to make more accurate scheduling decisions for MU UE pairing and precoder selection, especially for scenario A where the number of candidate users for scheduling is sufficiently large. 
Proposal 2:  Sub-band PMI feedback via PUSCH mode 3-2 should be adopted.
4 MU CQI Design
The Rel.8 CQI reporting does not consider multi-user interference or assist MU pairing decision at the eNB. It is primarily sutied to SU-MIMO. MU specific CQI information would be beneficial for MU-MIMO.  Two feasible methods of MU specific CQI give useful gain: 
1. Two kinds of CQIs/PMIs are reported simultaneously, one targeting SU-MIMO and the other restricted to rank 1. The rank 1 CQI/PMI feedback is suitable for MU-MIMO and assists the eNB to perform SU/MU switching.  The rank-1 CQI/PMI will provide more accurate CSI than deriving the low-rank CQI/PMI from the high-rank CSI, even though the Rel 8 4Tx codebook has a good nested property [8]. 
2. Alternatively UEs can report the best-companion PMI for their serving cell which is able to maximize the SINR at the receiver and provide null space information of the serving cell. The UEs also report a corresponding delta-CQI for better estimation of MU gain obtained when pairing decisions are made at the eNB [7]. The delta-CQI indicates the MCS penalty associated with pairing another user using the reported best-companion PMI.
Proposal 3: MU-CQI based on either the best-companion PMI or rank-1 restriction should be adopted.
5 Conclusions
In this contribution, several proposals on CSI feedback enhancement are provided for LTE R12 WI on further downlink MIMO enhancement, which are
Proposal 1: Finer spatial granularity should be introduced for the 4 tx PMI feedback, by means of the codebook proposed above. 

Proposal 2:  Sub-band PMI feedback via PUSCH mode 3-2 should be adopted.
Proposal 3: MU-CQI based on either the best-companion PMI or rank-1 restriction should be adopted.
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