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Introduction
The following areas were identified in the eFD-MIMO WID for further enhancements of FD-MIMO in Rel-14 [1].
· 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 

In this contribution, we discuss our views on the uplink DMRS enhancements.
[bookmark: _Ref426729914]Discussion 
In the RAN1 84bis meeting, various schemes were proposed as candidates for uplink DMRS enhancements to support more than 2 orthogonal DMRS ports for MU-MIMO with partially overlapping bandwidth allocations.  
· Comb or IFDMA (Interleaved Frequency Division Multiple Access) based DMRS:  In this scheme, DMRS is interleaved in frequency every N subcarriers wherein N is the comb number [2]-[5].  Hence, when multiple UEs with partially overlapping bandwidths are co-scheduled, orthogonal DM-RS multiplexing of different UEs can be achieved by using different frequency offsets.  When the comb number is set to N=2 or N=4, the number of orthogonal DMRSs can be increased to 2 or 4.  However, this would increase the minimum UL scheduling granularity.  For comb numbers of 2 and 4, the minimum scheduling granularity increases to 2 RBs and 4 RBs, respectively. Increasing the minimum scheduling granularity implies that the maximum power density is reduced, potentially limiting the performance for coverage limited UEs.
· DMRS sequence splitting:  In this scheme, DM-RS is split into multiple sequences with some sequences used for higher order MU-MIMO with overlapping bandwidth and other sequences used for SU-MIMO or lower order MU-MIMO.  One disadvantage with this approach is that it will generally increase the PAPR when compared to the case with a single sequence.  In [2], the PAPR averaged over all set of possible RB assignments for a given total RB size was shown with different number of DMRS sequences.  Their result showed that the average PAPR can increase due to using different sequences is about 1-1.25 dB for some RB allocation sizes.  However, it should be noted that the PAPR increase could be higher for certain RB assignments if the averaging over all set of possible RB assignments is removed.
· OCC4 with FDM between PUSCH and DMRS:  In this scheme, PUSCH is frequency division multiplexed with DMRS with a transmission comb of 2 [3].  In addition, the number of symbols carrying DMRS within each slot is increased to 2 (i.e., 4 symbols in a subframe carry DMRS).  An OCC with length 4 is then applied on the 4 symbols carrying DMRS thus increasing the number of orthogonal DMRS ports in partially overlapping BW to 4.  However, this scheme will also increase the minimum scheduling granularity to 2 RBs. PAPR could also be increased.
However, with the introduction of FD-MIMO in Rel-13, the UEs can be spatially separated by using narrow beams that can be created using 2 dimensional arrays which can be used for MU-MIMO. Non-orthogonal DMRS ports can be used to support more than 2 layers of UL MU-MIMO.   Furthermore, uplink traffic consists of a large number of small packets in which case small RB allocations are sufficient for PUSCH transmission.  Hence, it is unclear how much benefit we will have with partially overlapping bandwidth allocation with more than 2 DMRS when compared to fully overlapping bandwidth allocations for UEs with small packets.  We thus make the following proposals.
Proposals:
· If significant improvement over standard transparent enhancements is seen, consider some simple enhancements with limited specification impact 
· When studying potential enhancement, the impact on PAPR increase should be quantified and  the impact on minimum scheduling granularity should be considered
Conclusion
In this contribution, we have discussed our views on the need for uplink DMRS enhancements to support more than 2 orthogonal DMRS for MU-MIMO with partially overlapping bandwidth allocations. Based on the discussion, we have the following proposals:
Proposals:
· If we see significant improvement over standard transparent enhancements, consider some simple enhancements with limited specification impact 
· When studying potential enhancement, the impact on PAPR increase should be quantified and the impact on minimum scheduling granularity should be considered
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