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Introduction
In RAN1 NR Ad-hoc meeting, an agreement on DMRS design for NR has been reached as follows [1]:
Agreements:
· For the design of front-loaded DMRS, Alt. 1 is agreed as a working assumption.
· Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· FFS: Further down-selection between 1 and 2, if necessary
· Companies are encouraged to propose further details
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
· DMRS configuration can be up to the max. number of DMRS ports.
· Note: DMRS design should take into account channel estimation accuracy for low-to-high SINR scenario, throughput performance for SU and MU-MIMO, DMRS overhead, receiver complexity, receiver implementation, support of the use cases/features, UL/DL symmetry, etc.
· [bookmark: _GoBack]FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH
· Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH
In this contribution, we provided our views and some simulation results for UL DMRS design.
Discussion
In NR, symmetrical design is a natural purpose to facilitate cross link interference measurement/coordination and side link transmission. Furthermore, since both OFDM and DFT-S-OFDMA have been supported for UL transmission, the symmetrical DMRS design for UL and DL can be implemented promisingly, especially for OFDM UL scheme. 
OFDM waveform
In contribution [2], DL DMRS design is discussed. To keep unified DMRS structure, we propose front loaded DMRS as well, which is useful for V2V scenarios.  
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(1a)                                                                         (1b)
Figure 1 front loaded DMRS 
In order to compensate phase noise, high Doppler shift and to co-schedule more MU-users, additional DMRS should be introduced according to our DL DMRS design [2].  The detailed patterns can be found in Figure 2. For phase noise compensation, DMRS density can be set to high in time domain but low in frequency domain. However, for Doppler estimation, the density in frequency domain cannot be too low for joint channel estimation and the density in time domain should be configurable based on UE speed.
[image: ]
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(2c)                                                                           (2d)
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(2e)                                                                           (2f)
Figure 2 DMRS patterns
In general, we propose to introduce symmetrical scheme for DL and UL DMRS design. In other words, some shared patterns can be configured for both UL and DL DMRS.
Proposal 1: Symmetrical DMRS patterns should be introduced for UL and DL.
For DMRS patterns in Figure 1, compared with LTE patterns, single DMRS symbol causes less RS overhead, which can improve the resource utilization efficiency and bring benefit in low UE speed scenarios. Less than 1 density in frequency domain can further reduce RS overhead. In Pattern 1b, OCC=2,4,8 or 1 can be configured to UEs, then up to 8 orthogonal layers can be supported by multiplexing layers in code domain.. For pattern 1a, OCC=2 or 1 can be used to support up to 2 orthogonal layers. 
In order to reduce DMRS overhead and further increase transmission efficiency, it is better to support simultaneous transmission of data and DMRS, like pattern 1a. However, since ZC sequence cannot transmit with data simultaneously, PN sequence which is used in LTE downlink should be supported for UL OFDM waveform. 
Proposal 2: PN sequence should be supported for UL DMRS. 
DFT-S-OFDMA 
As described in section 2.1, some of our proposed patterns with full density in frequency domain can be used for DFT-S-OFDMA scheme, like pattern 1b, 2b. As ZC sequence has better auto-correlation property and small PAPR, we propose to reuse ZC sequence for UL DFT-S-OFDMA waveform as LTE. In this case, UL DMRS port can be orthogonal with DL DMRS port if DL DMRS also adopts ZC sequence. 
Proposal 3: ZC sequence is supported for DMRS at least for UL DFT-S-OFDMA scheme. 
CDM in time domain
In order to support more orthogonal layers in uplink, OCC sequence with length more than 2 can be considered in time domain in one scheduling unit. Since one scheduling unit can be aggregated by several slots in NR, more than 2 columns of DMRS may exist in one scheduling unit as described in Figure 3. Taking one scheduling unit with two slots as an example, where one slot has two columns of DMRS, then CDM4 can be used in time domain for multiplexing more users. 
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Figure 3 Illustration of CDM4 in time domain
This scheme is more suitable for low speed UEs. For different speed UEs, OCC length can be set differently in time domain, e.g. for two MU-users with different speeds, the first user can be set with OCC sequence [1 -1], but the second user can be set with OCC sequence [1 1 1 1]. Then, CDM2 is used within one slot for the first user but CDM4 is used within two slots for the second users, and orthogonality can be still ensured between two MU-users with different OCC length.
Proposal 4: Time domain OCC sequence should be supported in UL DMRS design. 
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of flexible uplink DMRS patterns, and then we provided our views.
Proposal 1: Symmetrical DMRS patterns should be introduced for both UL and DL.
Proposal 2: PN sequence should be supported for UL DMRS.
Proposal 3: ZC sequence is supported for DMRS at least for UL DFT-S-OFDMA scheme. 
Proposal 4: Time domain OCC sequence should be supported in UL DMRS design.
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