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1. Introduction
The new study item [1] approved in RAN #51 stated the following objectives. 

· 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.
· With second priority:
· Evaluate open-loop MIMO, including open loop MU-MIMO operation
· Within the constraint of not introducing new antenna ports, evaluate possible enhancements for demodulation RS for MIMO, including considering improved orthogonality for MU-MIMO and possibilities for DMRS overhead reduction.

In this contribution, we discuss some high-level views on the possible focuses of enhancement areas, particularly considering new network deployment scenarios.   
2. Network Deployment Scenarios
A few observations on LTE network deployment are:

· Macro-cell: Reusing current sites is critical to operators using new or existing (in the case of re-farming) spectrum. Existing antenna systems may be reused as well, with potential enhancement from 2-Tx cross-polarization antennas housed in a single radome to 4-Tx X-pol antennas housed in two radomes. RET (Remote Electrical Tilt) antennas have also gained a lot of traction, as a type of reconfigurable antenna. In addition to reconfigurable 1D elevation tilting, 2D (elevation + azimuth) and even 3D (elevation + azimuth + beamwidth) configurable antennas are also being deployed. The separation of the two radomes varies in different deployment scenarios. The 2/4-Tx X-pol antenna system has been the focus again close to the end of Rel-10 development, where initially more focus is on providing an 8-Tx solution missing in Rel-8 & 9. 
· Micro/pico cell:  Small-cell deployment becomes more important to operators, based on the use of low-power nodes in a heterogeneous network.  The much reduced pathloss makes very high throughput and peak rate feasible. An important aspect to MIMO enhancement is the trend that antenna subsystem is more integrated with RF subsystem (PA, LNA, filters, etc.) and baseband processing. This means that it is important for the system design to support various cost-effective antenna configurations such as less optimized or calibrated in term of balanced beam pattern and antenna gain.

· Distributed antennas: The use of RRH which has an integrated antenna and RF subsystem with CPRI-based link from RRH to a centralized scheduler makes it possible to perform MIMO from distributed antennas. The timing error between RRHs, as well as the latency between signals due to fiber propagation or group delay of electronic circuitries at the RRHs, may make it difficult and costly to align the phase of the transmission coherently.  
· Antenna configurations: Traditionally the eNB antenna array is modeled as either ULA or X-pol. For Micro/pico cells, with the antenna and RF integration, we may encounter other antenna configurations where the X-pol antenna elements may be mounted on different planes (e.g., circular array) or with different antenna orientations/beam-patterns.  

3.  Potential Enhancements in Rel-11

In light of the above discussion of deployment scenarios, we see the following study areas for Rel-11:

1. Antenna configurations: More uncorrelated and unstructured antennas are envisioned such as X-pol, geographically distributed antennas, and so on. Even with a ULA structure, antenna separation varies in different scenarios. Configurable 1D, 2D, 3D antennas also have very different characteristics on antenna correlation, and so do circular arrays.  Precoding codebook design will have to take into account the correlation (or lack of a correlation) under different antenna configurations.
2. MIMO schemes: The uncorrelated nature of antennas in X-pol or distributed RRH may make it hard to support multi-user MIMO from the spatial domain. Therefore, some open-loop type of multi-user support may be of interest. Alternatively, the MU-MIMO scheme may have to operate on a narrower bandwidth in order for the channel to exhibit some correlation. Note that the scenario of RRH with centralized scheduler is already included in the CoMP Study Item. The MIMO scheme for this scenario could be studied/optimized in more details.  
3. Spatial CSI feedback:  In Rel-10, the issue of explicit and implicit feedback was debated extensively. The implicit feedback was chosen for two main reasons: better testability and slightly smaller feedback overhead. In small-cell operation, the much reduced pathloss and low mobility use case can potentially make the feedback cost low enough as the uplink radio efficiency improves. It was reported that with accurate CSI and CQI (discussed next), ideally on a per subband basis, substantially gain in cell average capacity can be expected. However, the MU gain and use case still needs further study especially under non full buffer traffic condition and with potentially smaller number of UEs in small cells.  
4. CQI feedback: It was also widely observed in Rel-10 that the CQI feedback mismatch to the actual channel and interference condition has accounted for a significant portion of performance loss. In a heterogeneous network where the interference can be very dynamic, methods to reduce the mismatch can still be of importance. 

5. 3D channel model: The 3D nature of propagation, especially in small cell indoor deployment, could lead to new observations.
4. Conclusions

This contribution discusses some high-level views on the possible focuses of enhancement areas for Rel-11 DL-MIMO, including antenna configuration, MIMO schemes, Spatial CSI and CQI feedback, and 3D channel model.
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