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1. Introduction
In the previous meetings, there were agreements on NR DMRS as follows [1][2]: 

	Agreements:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreements:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH
· FFS: Mini-slot case
· Support ZC-sequence for UL DFT-S-OFDM DMRS


In this contribution, we discuss about design issues for NR UL DMRS.
2. Discussion
· DMRS pattern

For UL DMRS pattern, we have to consider different waveforms, i.e. CP-OFDM and DFT-S-OFDM. Firstly, a common DMRS structure for DL and UL was agreed at least for CP-OFDM even though details for a common DMRS structure such as exact DMRS location, DMRS pattern, and, scrambling sequence are FFS. And, DMRS pattern for UL DFT-S-OFDM waveform has to be decided. When we consider UL DMRS pattern for different waveforms, there are two options as below:

·  Option 1: Same pattern regardless of waveform

·  Option 2: Different pattern for each waveform
When we consider scheduling flexibility for UL MU-MIMO, option 1 can be preferred because orthogonal multiplexing between different waveforms, i.e. UL CP-OFDM and UL DFT-S-OFDM, can be supported. For the same pattern regardless of waveform, IFDM type of DMRS pattern have a potential benefit to provide low PAPR/CM because Zadoff-Chu(ZC) sequence was agreed for DFT-S-OFDM. So, considering on scheduling flexibility for UL MU-MIMO between different waveforms, IFDM type pattern could be appropriate for both UL CP-OFDM and UL DFT-S-OFDM.
Proposal #1: Consider IFDM type pattern for UL DMRS regardless of waveform.
· Multiplexing scheme between different waveforms
For orthogonal multiplexing between different waveforms, CDM/FDM/TDM can be considered. The possibility of using CDM depends on what DMRS sequence is introduced for CP-OFDM. If PN sequence is introduced, CDM between different waveforms is not allowed because each waveform uses different sequence. So in this case, only FDM/TDM is allowed. However, it was agreed that the OFDM symbol location of front loaded DMRS is fixed so that CP-OFDM DMRS and DFT-S-OFDM DMRS is transmitted starting from the same OFDM symbol. As a result, TDM based multiplexing between different waveforms is not appropriate. On the other hand, if ZC sequence is used for CP-OFDM, CDM can be used and on top of that FDM can be used to increase multiplexing flexibility. In this case, UEs with different waveform and different transmission layers can be scheduled for UL MU-MIMO.
· The number of maximum DMRS ports per UE

Regarding the maximum number of DMRS ports per UE, in our view, maximum 4 DMRS ports is suitable at least in NR phase I since 8 ports UE transmission antenna is probably not introduced in near future. Also, given that transmission rank is limited by one in DFT-S-OFDM, one ports per UE is enough in that case.

Proposal #2: Support maximum 4 DMRS ports per UE for UL transmission.

3. Conclusion
In this contribution, we discussed some design issues for NR UL DMRS. From the discussion, we propose as follow:
Proposal #1: Consider IFDM type pattern for UL DMRS regardless of waveform.
Proposal #2: Support maximum 4 DMRS ports per UE for UL transmission.
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