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1. Introduction

In the RAN #68 meeting, a new work Item, “Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, was approved [1]. With a two-dimensional active antenna array exploiting the elevation dimension as well as the azimuth dimension in MIMO system, it is possible to further improve system performance to accommodate increasing capacity demand. Especially, MU-MIMO can be applied in addition to SU-MIMO in both azimuth and elevation dimensions to increase system capacity. In the RAN1# 81 meeting and the proceeding TR on EBF/FD-MIMO [2-3], some conclusions were made on the DMRS enhancement for EBF/FD-MIMO. The main assumption on DMRS enhancement is that:

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO

· The maximum number of DMRS ports that a UE may be able to receive is kept as 8

Where, the candidates for DMRS enhancement include:

· Alternative 1: 12 DMRS REs with OCC = 4 for up to total 4 layers per scrambling sequence, This alternative allows up to total 4 layers per scrambling sequence

· Alternative 2: 24 DMRS REs with OCC = 2 for up to total 4 layers per scrambling sequence, This alternative allows up to total 4 layers per scrambling sequence

· Alternative 3: 24 DMRS REs with OCC = 4 for up to total 8 layers per scrambling sequence, This alternative allows up to total 8 layers per scrambling sequence

· Alternative 4: DMRS estimation accuracy improvement by advanced receiver assuming interference channel estimation

· Alternative 5: Larger PRG size
In this contribution, some possible DMRS enhancement is discussed for EBF/FD-MIMO based on these new conclusions of enhanced cases. 
2. Considerations on DMRS enhanced schemes for EBF/FD-MIMO
MU-MIMO is one of the key techniques to improve system capacity which was widely discussed in Rel.10 and Rel.11. Dynamic switching between SU-MIMO and MU-MIMO is supported in Rel.10. When MU-MIMO is used, the maximum number of orthogonal layers per user is 2 by using port 7-8 with OCC cover code with length equal to 2, and the total number of different layers for all UEs in a cell is up to 4. The scrambling identity, DMRS port index and layer number are dynamically indicated to enable demodulation for multiple co-scheduled users. For users with good spatial separation, scrambling sequences with identity, 0 or 1, can be used for quasi-orthogonal DMRS. For users with not so good spatial separation, different ports 7, 8 can be used for orthogonal DMRS. In Rel.11, 2 virtual cell-IDs, corresponding to 2 SCIDs for DMRS, are introduced to distinguish different transmission points, which would further possibly support more than 4 layers quasi-orthogonal MU-MIMO transmission.
With a two dimension antenna array, the system capacity could be further improved by transmission to more users with spatial multiplexing including both azimuth and elevation dimension. Thus, high dimension MU-MIMO is required to be supported in order to achieve this capacity benefit. Similar to existing DMRS specification, antenna port, number of layer and scrambling ID might be indicated by dynamic signaling to support flexible scheduling. Considering the tradeoff between PDCCH overhead and system performance gain by high dimension MU-MIMO, a maximum of 2 or 4 layers per user and maximum 8 layers in total per cell seems to be a reasonable assumption as defined in the WI description [1]. Based on the above assumption, we discuss the DMRS enhanced schemes to support high dimension MU-MIMO from the viewpoints of DMRS overhead, signaling overhead and standardization effort.
· DMRS port number
More orthogonal DMRS ports are needed in order to guarantee DMRS channel estimation performance. For example, 4 orthogonal ports can be supported. Two enhanced schemes discussed in Rel.10 MU-MIMO discussion have been intensively studied and evaluated during SI stage of EBF/FD-MIMO. One scheme is extending OCC length from 2 to 4, which is shown in Fig.1a. With this method, the overhead is the same as the current DMRS for MU-MIMO. However, channel estimation quality will also be degraded with more multiplexed users, especially in relatively high speed scenarios. Furthermore, the DMRS symbols for resource mapping for port 9, 10 will be different between SU-MIMO and MU-MIMO. This will increase UE realization complexity for transparent MU-MIMO in the current specification. The mapping relation between port index and OCC index requires definition. 

Another scheme is using separate DMRS physical resources for MU-MIMO, which is shown in Fig.1b. In detail, another 12REs for rank 3-8 DMRS will be extended to use for MU-MIMO. With this method, the overhead increases compared to the existing DMRS for MU-MIMO. There is a tradeoff between good channel estimation performance and increased DMRS overhead. The DMRS resource mapping scheme is similar to that for SU-MIMO and so beneficial to transparent SU/MU-MIMO transmission. However, the total overhead of DMRS needs to be dynamically indicated for UE PDSCH rate matching.

With the summarized simulation results during the SI [4], it has been observed that the scheme in figure 1a is better in terms of performance in most scenarios, compared with overhead-added scheme in figure 1b. As suggested above, it’s necessary to further check the additional signaling of DMRS configuration and impact on legacy UEs before drawing a conclusion on whether it is applicable in REl.13 EBF/FD-MIMO.

Proposal 2: More orthogonal ports could be considered to support high dimension MU-MIMO.
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Fig.1 DMRS enhanced scheme with increased port number

· DMRS scrambling identity
To benefit more from good spatial separation between horizontally distributed users and vertically distributed users, more DMRS sequences are needed for spatial multiplexed users, on top of potentially more orthogonal DMRS ports mentioned above. For example, scrambling ID might be increased from 2 to 4 as shown in Fig.2. With this simple method, DMRS of 4 users with good spatial separation could be multiplexed. If every user uses DMRS port 7, 8, a maximum total number of layers of 8 could be supported. This enhanced scheme is extended from the existing DMRS design and can be easily realized and standardized. The overhead is the same as the legacy DMRS for MU-MIMO. However, the performance of DMRS channel estimation will degrade with an increased number of multiplexed users with a non-orthogonal DMRS design. However, with a good precoding design with EBF/FD-MIMO, the interference between DMRS for co-scheduled users will be not very significant. To further improve the performance, interference cancelling/suppression could be used with the assumed possible DMRS sequence based on the configured cell-ID of possible co-scheduled users. From the viewpoint of dynamic signaling, the indication of user scrambling ID is required to support 4 values. Alternatively, another possible way to implicitly indicate scrambling identity to support more than 4 quasi-orthogonal layers of MU-MIMO transmission, is to add the beam index id, which would be a new identity to differentiate beams with different beam directions, into the DMRS scrambling sequence generation equation. In this way, less specification effort will be required for DMRS enhancement.
Proposal 1: More DMRS scrambling IDs could be considered to support high dimension MU-MIMO.
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Fig.2 DMRS enhanced scheme with more scrambling identities
3. Conclusions
Based on the above discussion, the following aspects could be considered for DMRS enhancement to support high dimension MU-MIMO:
· More orthogonal DMRS ports
· More DMRS scrambling identities signalled explicitly or implicitly.
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