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A. Introduction

At TSG-RAN#54, the WI proposal in RP-120170 (revision of RP-111758): “Further Downlink MIMO Enhancement for LTE-Advanced” (also referred to as FE_DL-MIMO in this paper), resulting from the closed Study on Downlink MIMO Enhancement for LTE-Advanced (ref: TR36.871 approved as v11.0.0), was approved at RAN #55. This WI had come in as the #2 priority among operators.
One of the objectives of the proposed WI is to focus on 4Tx MIMO, which was not adequately enhanced in REL-10 (where the focus was mostly on 8Tx MIMO). The 4Tx antenna configuration is expected to be widely deployed and hence it is imperative that enhancements to improve performance are developed expeditiously.

In order to aid TSG-RAN toward this decision, AT&T performed numerous simulations and found that the gains were indeed worthwhile, tangible and feasible. These were documented and presented in RP-120209 - A case for WI proposal "Further Downlink MIMO Enhancement for LTE-Advanced” [1] at TSG-RAN #55. Additionally, ALU and AT&T have proposed baseline simulation assumptions to adequately compare different techniques in [2].
In this paper, we identify potential improvements for FE_DL-MIMO.
B. Discussion

Based on AT&T’s observations from field metrics, real-life experience and simulations, the following improvements appear to be very promising, and we recommend that they be considered for the 4Tx case as well.
· Codebook Enhancements: During Rel-10, it was shown that a dual codebook structure is more effective and offers greater efficiency for MU-MIMO, without requiring a very large feedback bandwidth. A similar approach can be adopted for the 4Tx case as well
· Feedback Enhancements: The feedback enhancements can be categorized as:

· Sub-band PMI Feedback: It has been shown that sub-band PMI feedback provides an improved performance and is more robust imperfect timing alignment across the antenna ports. 

· MU-MIMO Feedback: MU feedback has been shown to be a promising technique to improve the system performance by providing much more reliable and accurate link adaptation when the system transmits in MU mode. MU feedback solutions should be studied in the context of TM9 with a single CSI-RS resource as well as TM10 with multiple CSI-RS resources. 
Our preliminary simulations [1] for SU-MIMO, using dual code-books and enhanced feedback techniques showed that:

· Codebook and feedback enhancements can provide significant improvement in the performance of a 4Tx system.

· The gains from finite buffer simulations are substantially higher than full buffer simulations.

· The gain from better codebook/feedback design goes up as the load increases.

Since 100% resource utilization with full buffer traffic is not a realistic scenario AT&T strongly recommends that we use non full buffer traffic models (already defined in previous RAN1 study items) to evaluate the potential benefits of these aforementioned enhancements as a part of this work item.

C. Conclusion

AT&T performed 4Tx MIMO simulations taking into account a much larger percentage of outdoor users on macro-cells (hence 80% outdoor – for reasons given in RP-120209), using finite buffers rather than full buffers and adopting enhanced code-books and feedback techniques. In so doing, we observed higher gains, making for a very favorable case for FE_DL-MIMO. The attachment within RP-120209 (AT&T DL-MIMO Enhancements and results) showed our arguments and results.
Hence, we recommend that these improvements be considered for the 4Tx case.
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