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Introduction
The Rel-8 MIMO and subsequent MIMO enhancements in Rel-10 were designed mostly with homogenous macro deployment in mind. The need to enhance performance also for non-uniform network deployments has grown. Therefore the downlink MIMO enhancements was approved in RAN#51 as a study item. The objective of downlink MIMO enhancement study [1]  is 
· With first priority:
· Evaluate issues from real-life network deployments of MIMO. 
· 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.

This contribution discusses potential topics related to CSI feedback enhancement for DL MIMO with geographically separated TX points. 

Observations

Downlink MIMO in LTE-Advanced has been enhanced in Release 10 to support 8-layer SU-MIMO transmission and dynamic SU-MU MIMO switching. For the 8-tx antenna case, the CSI feedback to support downlink MIMO has been enhanced with a new dual-codebook structure aimed at improving CSI accuracy at the eNB without increasing the feedback overhead excessively. Precoded reference symbols are provided for data demodulation, allowing arbitrary precoders to be used by the eNB for transmission. Existing Rel-10 MIMO feature can be used for geographically separated Tx points. However the performance would be highly sub-optimal because the performance of Rel-10 MIMO schemes are not optimized for this scenario. Therefore enhanced MIMO CSI feedback for geographically separated Tx point scenario should be emphasized.

Proposal 1: Enhanced CSI feedback should be emphasized for geographically separated Tx points.

Potential Enhancements 

The large difference in the pathlosses to different TX points located at different geographic locations result in large differences in signal propagation delays. In addition, the timing difference between TX points may no longer be negligible because of the difficulty in synchronization. These factors make it hard to enable coherent transmission and reception both at the BS and UE sides. Therefore different transmission schemes may be used in different scenarios of geographically separate TX points, which would result in different CSI feedback schemes and codebooks. It may be necessary to design asymmetric CSI feedback schemes that consider the pahtloss and timing difference in signal reception to fully exploit channel properties such that distributed MIMO can achieve the highest performance.  Codebook design may have to take into account the lack of correlation among distributed antennas.

Proposal 2: CSI feedback design may need to consider the large pathloss and timing difference from/to different TX points.

The design of DL-MIMO operation in Rel 10 has been based on DM-RS and CSI-RS. Therefore UEs have already been able to communicate to different TX points simultaneously with proper configurations of DM-RS, CSI-RS, muted CSI-RS, etc. However existing CSI feedback schemes did not assume that BS antennas are distributed over a large area. Therefore the performance of CSI feedback schemes needs to be evaluated under new assumptions while transmission mode 9 should be considered as a baseline for the performance enhancement for DL MIMO with geographically separate TX points. 

Proposal 3: Enhanced CSI feedback mechanisms should be evaluated under new assumptions and Rel-10 scheme is used as baseline reference.

The mismatch between the CQI feedback and the actual channel and interference condition has been observed in Rel-10 to result in significant performance loss. With geographically separate antennas together with heterogeneous network, the interference can vary at a much larger scale, resulting in even more performance loss. How to reduce the mismatch between SU/MU-MIMO CQI prediction is therefore of significant importance [2, 3].
Proposal 4: Methods to improve the SU/MU-MIMO CQI prediction should be investigated. 

With geographically separate TX points, the network needs to decide which set of transmission points should serve each UE for data transmission and what the related channel information is. In this case, the network may want to first configure a set of cells to be measured by a UE and the measurement set can be the same as the one in Rel-10. Based on the measurement set, the network will configure serving cooperating set for each UE. In addition, the fast fading properties to different TX points may vary significantly and it would be beneficial to include some TX points to for data transmission at one time when their channels are in good states but not at another time when their channels are in deep fades.  Therefore dynamic transmission point selection would help further improve performance. In addition, when the UE feeds back the CSI for transmission points, as the CSI may be highly correlated at the UE side, some improvement of CSI feedback may be done to reduce the signaling overhead. 
Proposal 5: Transmission points for data transmission can be UE specific and dynamically configured and CSI feedback should be compressed properly by exploiting the channel correlation at UE sides. 


			Conclusions
In this contribution we summarized some considerations regarding CSI feedback enhancement for geographically separate TX points. Our proposals are
Proposal 1: Enhanced CSI feedback should be emphasized for geographically separated Tx points.
Proposal 2: CSI feedback design may need to consider the large pathloss and timing difference from/to different TX points.
Proposal 3: Enhanced CSI feedback mechanisms should be evaluated under new assumptions and Rel-10 scheme is used as baseline reference.
Proposal 4: Methods to improve the SU/MU-MIMO CQI prediction should be investigated. 
Proposal 5: Transmission points for data transmission can be UE specific and dynamically configured and CSI feedback should be compressed properly by exploiting the channel correlation at UE sides. 
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