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1 Introduction 

Work on the DL MIMO Enhancement study item [1] started in RAN1#65.

The main aspects discussed so far fall into 3 aspects:

· Real-life issues for DL MIMO

· CSI feedback enhancements

· PDCCH enhancements
In this paper we give our high-level views on each area and the general direction of the work under this study item. 

2 Real-life issues for DL MIMO
The main issues raised by different companies in RAN1#65 were as follows:
· Rank adaptation

· Time alignment errors

· Antenna calibration and partial reciprocity

· Vertical beamforming for dense urban deployments

· Specific antenna configurations: cross-polarized; geographically-separated antenna deployments; circular array; 

· Antenna tilting

· UE interference measurements and feedback processing time

· Feedback granularity

· DL control channel limitations for high numbers of tx antennas

The issue of rank adaptation for geographically separated antenna deployments raised in [1] is verified in [2], and we believe that solutions to this issue are worth investigating.
We recognise that antenna calibration to enable TDD systems to benefit more fully from reciprocity should is an important issue. The effectiveness of implementation-based solutions and the need for specification changes should be examined. We discuss this further in [3]. 

Many of the other aspects relate directly to CSI feedback or PDCCH enhancement. 
3 CSI feedback enhancement

A large number of contributions at RAN1#65 proposed different enhancements to CSI feedback. In our view, it is necessary to focus the enhancements carefully on the situations which are of real practical interest and where useful gain can be realized. In our view, these situations are CSI feedback for:
1. MU-MIMO with cross-polarized antenna configurations (both widely-spaced and closely-spaced);

2. Geographically separated antenna deployments;

3. 3D/vertical beamforming.

Ideally, a unified approach should be adopted to address all these areas. 

Improving the resolution of the PMI feedback codebook is a generic approach which could be one solution and would be robust towards other as-yet-unpredicted scenarios that may occur in the future. Increasing the size of the codebook could be achieved either by designing a new codebook with higher resolution, or by multi-dimensional usage of the existing codebooks, for example with separate feedback for different polarizations / transmission points / dimensions coupled with feedback of the phase (and possibly amplitude) relationship between the polarizations / transmission points / dimensions. 
In any case, as the (effective) codebook size increases, measures should be taken to avoid a commensurate increase in feedback overhead. This could be by a form of codebook subset restriction (so that although the codebook size increases, only as subset of entries relevant to the particular scenario are valid for the UE to select from, and the number of feedback bits does not need to be larger than the size of the subset), and/or by the dual-codebook W1/W2 approach adopted for 8 tx antennas in Rel-8.

These aspects are discussed further in [4].
4 PDCCH enhancement

In our view, the primary motivations for PDCCH enhancement are:

1. to increase the multiplexing capacity of the PDCCH, especially to support MU-MIMO and geographically-separated antenna deployments, and 

2. to increase the PDCCH coverage, to improve cell-edge performance, counteracting penetration loss in indoor deployments and high propagation loss on high frequency carriers.

A solution to address these aspects is proposed in [5].

5 Conclusions

A diverse range of enhancements has been proposed at the start of the DL MIMO Enhancement SI. It is important to focus the work on practical and useful enhancements. 

We propose that the focus should be as follows:

· Real-life issues:

· Rank adaptation for geographically separated antenna deployments is worth investigating.

· Antenna calibration mechanisms for TDD systems should be examined. 

· CSI Feedback Enhancement

· A unified approach should be adopted to address MU-MIMO with cross-polarized antenna configurations, geographically separated antenna deployments, and 3D/vertical beamforming.

· PDCCH Enhancement

· Any solution should aim to increase the multiplexing capacity and coverage of the PDCCH.
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