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Introduction
In RAN#51 meeting, a Study Item on DL MIMO enhancement for LTE-Advanced [1] was approved. The SI primarily targets the evaluation of issues from real-life network deployments of MIMO, the identification of any need for DL MIMO enhancement, CSI feedback considering non-uniform network deployment, and the evaluation of DL control channel enhancements. A recap of the study item is as follows:

· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:

· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.
· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 
· Evaluate enhancements for downlink control signalling:
· to support MU-MIMO;
· based on UE-specific reference signals.

In this contribution, we shared our view on DL MIMO CSI feedback enhancement scenarios for Rel-11.
DL MIMO enhancement issues for Release 11
1.1 Macro-cell
Release 10 downlink MIMO has been enhanced with the introduction of CSI-RS, SU-MIMO transmission up to 8 layers, and dynamic SU-MU MIMO switching. In addition, a new CSI feedback mechanism was introduced solely for the 8-tx antenna case. However, considering the likely outcome that antenna configuration for most macro cell deployment would be 4 Tx antennas [2], we believe that the feedback for 4 Tx antennas merits further improvement.

Although there was much discussion on the feedback enhancements for 4 Tx in Release 10, there was no actual feedback enhancement due to the insufficient gains observed for the individual proposals. However, we have observed that a simple combination of previously studied individual feedback enhancements could have considerable performance gains. In [3], we investigated the performance gain achievable by combining a double codebook structure and multi-component report. The combination of the two features provides significant gains of 12% and 22% in cell average and cell edge throughput, respectively, over SU-MIMO based on Rel-10 SU-MIMO report. 
1.2 Small-cell
Small cells has drawn attention in Release 10 and 11 for its benefits to increase overall system capacity by enhancing the high traffic in hotspot areas. In small cells, it is expected that significantly decreased pathloss and higher probability of line-of-sight component can result in higher throughput and peak rate. As a result of higher probability of line-of-sight components, smaller multiplexing gains are expected for SU-MIMO. Such an environment would therefore necessitate more reliance on MU-MIMO to maximize system performance. Furthermore, it is likely that better uplink channel quality due to decreased distance from the UE to the eNB would allow more feedback information to be transmitted by the UE. Additional feedback information could include a higher resolution feedback of the principal channel direction, interference channel information such as channel quality information with interference component and so on. Based on such enhanced CSI feedback accuracy, we can enhance the performance of MU-MIMO and/or dynamic switching between SU/MU-MIMO. 

When many small cells are deployed in a macro cell area, it is possible to have more interference among small cells. In this case, there is an opportunity to employ advanced MU-MIMO schemes such as the interference coordination or interference mitigation schemes with additional feedback information. 
1.3 3D beamforming
3D beamforming could increase the system capacity by supporting of beamforming in the vertical direction to cover high-rise buildings in dense urban environments [4], and providing additional concentration in transmission power for deep indoor coverage. 3D beamforming would have a significant system impacts in specification and in implementation. In terms of specification, a new CSI feedback codebook designed for 3D beamforming would be required to adjust the beam in vertical dimension dynamically. Additionally, in order to determine the merits of such specification enhancement, the channel modeling and evaluation assumption for 3D beamforming such as 3D antenna patterns, UE distribution considering the height of building floor, pathloss modeling with 3D distance, and so on would be necessary. Furthermore, if 3D beamforming is aimed to enhance the UE in high-rise buildings and deep indoor coverage, it is would be also necessary to identify the difference from the current indoor deployment scenarios in terms of functional and performance point of view. Since most issues have not been adequately discussed, it would be better to consider 3D beamforming after potential pros and cons are better understood.
1.4 Uniformly circular arrays
The advantage of the Uniformly circular arrays (UCA) antenna configuration is to allow semi-static reconfiguration of the coverage area through adaptive sectorization [4]. As pointed out in [4], the propagation from a UCA antenna configuration is quite different from that of Uniform Linear Array (ULA) antenna configurations and the CSI feedback codebook designed for ULA antenna configurations does not fit well for UCA antenna configurations. Therefore, it would be necessary to determine the channel modeling and design an appropriate CSI feedback codebook for UCA. Additionally the deployment of UCA antenna configuration would most likely be targeted for macro cells but not small cells due to the physical space that would be required to install the antennas. While we are open to enhancements targeting new deployment scenarios, it would be beneficial to understand to what extent the UCA antenna configuration can deployed in real life networks. The need for better understanding in this issue is especially important given the fact that we expect significant effort in RAN1 would be required for evaluation and codebook design. 

Conclusions
In this contribution, we discussed our view on possible CSI feedback enhancement areas of focus for Rel-11 DL MIMO. The following conclusion is made: 
· The feedback enhancements for 4 Tx antennas merit further improvement.
· The feedback enhancements targeting small cell environment to improve MU-MIMO system performance should be considered as high priority.
· Consider 3D beamforming and uniform circular arrays after potential pros and cons are better understood.
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