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Justification *

The Rel-8 MIMO and subsequent MIMO enhancements in Rel-10 were designed mostly with homogenous macro deployment in mind. Recently, the need to enhance performance also for non-uniform network deployments (e.g. heterogeneous deployment) has grown. It would therefore be beneficial to study and optimize the MIMO performance for non-uniform deployments where the channel conditions especially in smaller cells might typically differ from what is normally encountered in scenarios considered so far. 

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. In many deployment scenarios, less than 8 tx antennas will be employed. It is important to focus on the eNB antenna configurations of highest priority for network operators.
The enhancement of MIMO performance through improved CSI feedback for high priority scenarios not directly targeted by the feedback enhancements in Release 10, especially the case of 4 tx antennas in a cross-polarised configuration, in both homogeneous and heterogeneous scenarios should be studied.

MU-MIMO operation is considered by many network operators as important to further enhance system capacity. It is therefore worth studying further potential enhancement for MU-MIMO, which includes UE CSI feedback enhancement and control signaling enhancement. Furthermore, open-loop MIMO enhancements were briefly mentioned but not thoroughly investigated in Rel-10.
In addition, the experience from real-life deployments in the field has increased significantly since Rel-8. It would be beneficial to discuss the experience from commercial MIMO deployments, and identify if there are any potential short-comings and possible ways to address those. For example, it can be discussed if robust rank adaptation works properly in practice with current UE procedures that allow a single subframe of data to determine the rank. In addition the impact of calibration error on the performance could be discussed.
This work will allow 3GPP to keep MIMO up to date with latest deployments and experience.
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Objective *

The objectives of the study are to:

· Evaluate downlink MIMO performance for non-uniform network deployments 

· Studies targeting small-cells and relay backhaul scenarios

· Evaluate new UE CSI feedback schemes, including precoder codebook designs

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for scenarios not considered in Rel-8 
· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios, including both macrocellular and small-cell scenarios.
· Assess the standardisation impact of the studied techniques. If relevant feedback proposals are not directly implicit in nature, the study of the possibility and methods for satisfactory testing should be included. 

· Evaluate enhanced control signalling and enhanced UE CSI feedback to further improve the capacity benefit provided by MU-MIMO operation
· Evaluate issues from real-life network deployments 
· Evaluate open-loop MIMO, including open loop MU-MIMO operation
All studies should evaluate the throughput gains potentially achievable from the studied techniques, especially for MU-MIMO, while also taking into account estimation errors, calibration errors, complexity and feedback overhead. Reuse of existing feedback frameworks should be considered if possible. Sub-band versus wideband feedback should be taken into account. 
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