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1. Introduction

In RAN1#85 meeting, a WF on the three “evaluate and, if needed, specify” Items is discussed and agreed as follows, regarding UL-DMRS enhancements:
Agreements:

· UL DMRS Enhancement

· Specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation, i.e. one of IFDMA with OCC2 or new DMRS sequence design

In this contribution, we discuss UL-DMRS enhancements to support more than two orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation, based on the agreement.

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. 
Proposal 2: Minimum scheduling RBs should be at least 2 when scheduled with the comb extension, without defining any new DMRS base sequences.
Proposal 3: It needs be determined which type of comb should be used when PHICH NACK is received, triggering the retransmission. 

3. Conclusion
In this contribution, we discussed uplink DMRS enhancements to support more than two orthogonal DMRS with partially overlapping BWs allocation. The proposals based on the discussion are given below:
Proposal 1: Frequency domain comb extension can be considered to support more than two orthogonal DMRS with partially overlapping BWs allocation. 
Proposal 2: Minimum scheduling RBs should be at least 2 when scheduled with the comb extension, without defining any new DMRS base sequences.
Proposal 3: It needs be determined which type of comb should be used when PHICH NACK is received, triggering the retransmission. 
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