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1 Introduction
In RAN1 NR Ad-Hoc#2 meeting, the following agreements were achieved for UL DMRS [1]:
· For DFT-S-OFDM based PUSCH DMRS

· DMRS are mapped to resource elements using a comb structure (IFDMA). 

· DMRS and associated PUSCH are multiplexed in time domain

· At least the following (repetition factor, CS) combinations is supported
· (2, 2)
· Front load DMRS is allocated to 1 or 2 OFDM symbols

· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.

· FFS the detailed applicability of 1 vs. 2 OFDM symbols

· FFS the location of the DMRS symbol(s)
In addition, the following was agreed in RAN1 NR Ad-Hoc#2 [1] for the first DMRS position as:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.

· FFS: Additional possibility of the another fixed position relative to the start of slot

· The exact fixed position can be changed depending on the duration of the scheduled data
Plus, the following conclusion was made in RAN1 NR Ad-Hoc#2 [1] for the additional DMRS as:
· For both downlink and uplink, the second or later or additional DMRS is up to MIMO discussion.
In this contribution, the remaining issues for UL DMRS will be discussed based on the agreements and conclusion listed above.
2 Remaining issues on UL DMRS
DMRS for DFT-S-OFDM
Related to UL DMRS, the followings were agreed in RAN1#86bis [2] for NR waveform as:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

According to the agreements above, the use for DFT-S-OFDM is limited to a single stream transmissions targeting for link budget limited cases. The motivation of two OFDM symbols for front-loaded DMRS is to support multi-stream transmission. Therefore, it is not justified that front-loaded DMRS for UL DFT-S-OFDM is allocated to two OFDM symbols. In this regard, we propose:
Proposal1: Front-loaded DMRS for UL DFT-S-OFDM is allocated to only one OFDM symbol
DMRS position for PUSCH

In RAN1#88 meeting [3], we made an agreement for a common DMRS structure for DL and UL as:
· 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.

According to agreement above, it was agreed to support only PN sequence both in DL and UL DMRS for CP-OFDM [1]. In addition, two types of DMRS pattern were defined and a UE is configured by higher layers whether DMRS pattern either from Type 1 or Type 2 [1]. Therefore, same DMRS pattern and scrambling sequence can be configured in DL and UL CP-OFDM. However, for DMRS location, we do not have an agreement for commonality between DL and UL. Basically, the common DMRS structure for DL and UL facilitates a cross-link interference management with the commonality of DMRS location, DMRS pattern, and scrambling sequence. Therefore, if same DMRS location is not supported for DL and UL, advantage of common DMRS structure will be disappear. In this aspect, we should strive for same DMRS locations for UL and DL. Currently, the first DMRS position for PDSCH was agreed as [1]: 
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:

· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)

· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)

In addition, we made the following agreement on the first DMRS position for PUSCH as: 
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.

· FFS: Additional possibility of the another fixed position relative to the start of slot

· The exact fixed position can be changed depending on the duration of the scheduled data
Based on agreement above, in order to make same DMRS location for UL and UL as possible, we propose: 
Proposal2: Strive for same DMRS locations for UL and DL. 
· At least for UL only slot, the first DMRS position of the PUSCH is fixed on 3rd or 4th symbol of the slot.
DMRS sequence design
In RAN1 RAN1#88bis, it was agreed to support ZC sequence for UL DFT-S-OFDM [4]. In addition, it was agreed to support only PN sequence both in DL and UL DMRS for CP-OFDM in RAN1 NR Ad-Hoc#2 meeting [1]. However, detailed sequence generation methods were not decided yet. In LTE, PN sequence was adopted for DL DMRS and ZC sequence was adopted for UL DMRS. Therefore, LTE DMRS sequence design can be regarded as a starting point for NR DMRS sequence design both for CP-OFDM and DFT-S-OFDM. However, we need to consider NR new features such as numerology and NR DMRS patterns in the detailed sequence design. 
Proposal3: LTE DMRS sequence design can be regarded as a starting point for NR DMRS sequence design both for CP-OFDM and DFT-S-OFDM but NR new features should be considered in the detailed sequence design.
3 Conclusions
This contribution discusses on remaining issues for UL DMRS and proposes the followings depending on the discussion:
Proposal1: Front-loaded DMRS for UL DFT-S-OFDM is allocated to only one OFDM symbol
Proposal2: Strive for same DMRS locations for UL and DL. 

· At least for UL only slot, the first DMRS position of the PUSCH is fixed on 3rd or 4th symbol of the slot.
Proposal3: LTE DMRS sequence design can be regarded as a starting point for NR DMRS sequence design both for CP-OFDM and DFT-S-OFDM but NR new features should be considered in the detailed sequence design.
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