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1. Introduction

In RAN#65, the SI on elevation beamforming (EB) and full-dimension (FD) MIMO [1] was approved, where the objectives for Phase 2 includes evaluating the need for reference signal design enhancements including SRS, CSI-RS, and DMRS. In this contribution, we discuss DMRS enhancements. Firstly, we take a look at current DMRS design in terms of the number of MU-MIMO layers and then summarize Rel-10 DMRS discussion and background on the agreement. Finally, considering a massive number of Tx antennas and the demand on 4Rx antenna, we point out the need to study DMRS enhancement.
2. Discussions
According to the current specification, only 2 rank 1 UEs can be co-scheduled as orthogonal MU-MIMO transmission by using DMRS port 7 and port 8 having DMRS sequence. To allow up to 4 layers MU-MIMO in Rel-10, two nSCID values were introduced in port 7 and 8, resulting in quasi-orthogonal MU-MIMO transmission. Furthermore, as VCID was introduced in Rel-11 for CoMP, more than 4 layers quasi-orthogonal MU-MIMO transmission became possible.

This DMRS design allowing only 2 layers orthogonal MU-MIMO has been generally considered good enough because, in case of conventional eNB having a limited number of Tx antennas, it is expected that the network achieves enough MU-MIMO gain by co-scheduling 2 UEs even though more than 2 UEs MU-MIMO can be supported since Rel-10.

Before starting discussion on DMRS enhancement, it would be meaningful looking back to DMRS discussion for MU-MIMO in Rel-10 in detail [2]. There were three Options as follows:
Option 1-1: 4 orthogonal DM RS ports and 1 scrambling sequence (OCC length 4 assuming 12 RE)

Option 1-2: 4 orthogonal DM RS ports and 1 scrambling sequence (OCC length 2 assuming 24 RE)

Option 2: 2 orthogonal DM RS ports and 2 scrambling sequences
Option 1-1 has the same DMRS overhead with Option 2 but allows the usage of 4 orthogonal DMRS ports for MU-MIMO transmission. As a result, in [3,4], it was observed through evaluation that Option 1-1 provides the following two benefits and leads to system performance gain in case of more than 2 layers MU-MIMO: one is better performance of channel estimation because of the orthogonality among DMRS ports and the other is better IRC gain especially for 4 Rx UEs. 
As Option 1-2 remains OCC length 2, it has benefits over Option 1-1 in high speed scenario but it doubles DMRS overhead when the number of MU layer is more than 2, resulting in data throughput loss.

As to Option 2, ideally it can support orthogonal 4 layers MU-MIMO if perfectly orthogonal beam separation on top of orthogonal cover code is possible, but practically inter-layer interference is inevitable due to practical impairment regarding beam separation such as codebook quantization, channel aging, and so on. As a result, channel estimation performance is worse than Option 1-1 and 1-2 when the number of MU layer is more than 2.
Even though Option 1-1 guarantees more than 2 layers orthogonal MU-MIMO transmission with such benefits, Option 2 is finally agreed for several reasons. One reason is Option 1-1 increases UE complexity of implementing additional channel estimator for rank1/2 transmission and has a backward compatibility issue with Rel-9. More importantly, as we mentioned above, at that time many companies viewed that typically 2 layers MU-MIMO transmission can achieve almost all MU-MIMO gain, given that up to 8 Tx antennas and 2 Rx antennas were practical. 
However, considering current progress in LTE system, insisting on only 2 layers orthogonal MU-MIMO does not seem to be as justified as in Rel-10. In case of the scenario with larger number of transmit antenna elements/ports enabling EB/FD-MIMO, there is a clear need for supporting much more MU-MIMO pairs to fully achieve potential gain of a massive number of Tx antennas. Furthermore, as many operators see the need of 4Rx UE in the near future, study on 4Rx UE in RAN 4 is going on, targeting Rel-13 WI completion. [5]

In this context, DMRS enhancements need to be studied for accommodating such large number of MU-MIMO pairs simultaneously. For example, it needs to be investigated whether the current standard-transparent ways (e.g., different DMRS VCIDs are configured to different UEs in MU-MIMO pairs) are sufficient in terms of performance, or more than 2 orthogonal DMRSs are needed to be designed. 

Proposal: DMRS enhancements need to be studied for accommodating larger number of MU-MIMO pairs simultaneously in consideration of increasing numbers of Tx and Rx antennas.
3. Conclusion
In this contribution, we discussed current DMRS design from the perspective of MU-MIMO and the need to study DMRS enhancement. Before starting detail discussion on DMRS enhancement, we summarize Rel-10 DMRS discussion and background on the agreement. Also, a few new points to be considered about DMRS enhancement are discussed with respect to current situation: increasing the number of Tx and Rx antennas. The proposal based on the discussion is given as follows:
Proposal: DMRS enhancements need to be studied for accommodating larger number of MU-MIMO pairs simultaneously in consideration of increasing numbers of Tx and Rx antennas.
______________________________________________________________________
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