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1. Introduction

In RAN#71 meeting, the WID for eFD-MIMO [1] has been approved with objectives shown in the following:
	· Specify enhancements on reference signal in the following areas [RAN1]

· 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 

· Extend specification support for CSI reporting in the following areas [RAN1]

· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D

· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS

· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded

· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme


In this contribution, we discuss potential enhancements on uplink DMRS to support more than two orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation for supporting eFD-MIMO operations.

2. Discussion
In current LTE specification, PUSCH DMRS orthogonality among multiple users is supported by CS and/or OCC. CS orthogonality is obtained when the same BW allocation is given to co-scheduled UEs and the same base sequence is used. OCC orthogonality, however, can be used with partially overlapping BWs allocation between co-scheduled UEs with disabling slot hopping. In order to obtain more than two orthogonal DMRS with partially overlapping BWs allocation, there can be two possible options to be considered:
· Option 1: Time domain OCC extension
· Option 2: Frequency domain extension using comb
Option 1 is employing OCC length-4 applied to four SC-FDMA symbols across two adjacent subframes which can also be interpreted as TTI bundling. This operation needs to be RRC-configurable so that this feature is used only when needed. However, performance verification for using OCC length-4 should firstly be given.
Option 2 is employing frequency-domain comb so that the orthogonal resources can be twice than before, with retaining OCC length-2. A merit of this option would be it can also be multiplexed with legacy UEs, e.g., legacy UE1 with OCC [+1, +1] can be multiplexed with enhanced UE2 with OCC [+1, -1] and even comb, as well as enhanced UE3 with OCC [+1, -1] and odd comb. Note for this option, such even/odd comb should be applied only when the scheduled RB size is greater than a certain level, e.g., two or more RBs, so that at least any new DMRS base sequence does not need to be designed. Also, it needs to be determined which type of comb should be used when PHICH NACK is received triggering for retransmission. One way is to use the same comb type as the initial transmission, and another would be using a different comb type by a pre-defined varying pattern. More importantly, how to define a new joint encoding table among CS, OCC, and comb type needs to be investigated. One way is to add one extra DCI bit for switching between comb types, and another is retaining the current 3-bit table but only parts of configurations, e.g., related to CS distance of 3, are used with comb type switching.
Proposal 1: Frequency domain comb extension can be considered to support more than two orthogonal DMRS with partially overlapping BWs allocation, if needed. 

3. Conclusion
In this contribution, we discussed uplink DMRS enhancements to support more than two orthogonal DMRS with partially overlapping BWs allocation. The proposal based on the discussion is given below:
Proposal 1: Frequency domain comb extension can be considered to support more than two orthogonal DMRS with partially overlapping BWs allocation, if needed. 
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