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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN#71 meeting, a new WID [1] of eFD-MIMO for Rel-14 was approved. The proposed enhancements for RAN1 on reference signal are the following areas 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 
· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 
In this contribution, we provided our views on the above third bullet, i.e. uplink DMRS enhancements. It is noted that we also provided some proposals for the first bullet in our companion contribution [2].
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
[bookmark: OLE_LINK43]According to the standard before Rel-10, the UL DMRS of all mu-users can be multiplexed by different ZC sequences (different cyclic shift with same root sequence). Therefore, all co-scheduling users should have equal allocated bandwidth. Otherwise, DMRS orthogonality between co-scheduling users with unequal bandwidth cannot be guaranteed. 
In Rel-10, one motivation of UL DMRS enhancement was to support 2 orthogonal DMRS for MU-MIMO with partially overlapping bandwidth allocation. In that time, some candidates were proposed, like as IFDMA, introduction of OCC to two DMRS symbols in two slots, new DMRS sequence, etc.  Finally, OCC was adopted in the standard. Therefore, two co-scheduling users with different bandwidth can distinguish DMRS by different OCC sequences.
Now, this new WID’s motivation is to further relax the restriction of allocated bandwidth for co-scheduling mu-users. It is obvious that more scheduling flexibility can be achieved, and system capacity can be further increased if more orthogonal DMRS ports can be supported for MU-MIMO with partially overlapping BWs allocation.
However, it is not realistic that too many orthogonal DMRS ports are supported in Rel-14 for MU-MIMO. Based on Rel-13 downlink DMRS discussion, the main MU performance gain is derived from maximum 4 orthogonal DMRS ports. Likewise, 4 orthogonal uplink DMRS ports for MU-MIMO with partially overlapping BWs allocation are enough. In this case, maximum 4 users with unequally allocated RBs can be supported. Similar with downlink scheduling, each mu-user has often low rank in uplink, e.g. rank 1 or 2, especially for more than 2 co-scheduling users. Therefore, Rel-14 enhancement schemes should focus on maximum 4 co-scheduling users with low rank.
Proposal 1: Supporting 4 orthogonally co-scheduling users is enough for MU-MIMO with partially overlapping bandwidth allocation, where each user has low rank.
As current uplink DMRS maps on all carriers within the same uplink SC-FDMA symbol, there may less channel estimation impact if the DMRS density is decreased to half in frequency domain. And considering the limited time budget in Rel-14, IFDMA may be a good candidate and it has been proposed by many companies in previous releases.
Proposal 2: IFDMA can be considered as a good candidate.
Based on the current uplink DMRS pattern, we provide the pattern with IFDMA as described in Figure1. By OCC and IFDMA, 4 orthogonal DMRS ports with different bandwidth allocations can be supported. 
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Figure1, UL staggered DMRS pattern 
3 Conclusion
In this contribution, we discussed the uplink DMRS design in order to support more than 2 orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation in Rel-14, and we proposed
Proposal 1: Supporting 4 orthogonally co-scheduling users is enough for MU-MIMO with partially overlapping bandwidth allocation, where each user has low rank.
Proposal 2: IFDMA can be considered as a good candidate.
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