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Introduction
In RAN1 #87 meeting, an agreement on DMRS design for NR has been reached as follows [1]:
Agreements:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern
In addition, companies provided their downlink DMRS design and views on downlink DMRS simulation assumption by email discussion [87-28] and [87-29] respectively [2]. 
However, there is little progress on uplink DMRS design. In this contribution, we provide our views on UL DMRS design. Meanwhile, we provide some simulation results in order to verify our views.
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 [3], DL DMRS design is discussed and multi-set DMRS structure is proposed. To keep unified DMRS structure, especially for OFDM system, we propose multi-set DMRS design for UL as well.
In multi-set DMRS design, we propose front loaded and/or middle loaded DMRS for the first set as shown in Figure 1. 
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(1c)                                                                 (1d)
Figure 1 the first DMRS set
In order to compensate phase noise, high Doppler shift and to co-schedule more MU-users, the second or third set of DMRS should be introduced according to our DL DMRS design [3].  The detailed patterns can be found in Figure 2. It is noted that the second or third DMRS set can be configured with different density for different intentions. 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 with the first DMRS set. The density in time domain should be configurable based on UE speed.
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(2c)                                                                           (2d)
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(2e)                                                                           (2f)
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(2g)                                                                           (2h)
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 and 1d in Figure 1, 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 and 1c, OCC=2 or 1 can be used to support up to 2 orthogonal layers. 
As shown in Figure 3, we provide some simulation results to compare our patterns with LTE’s in 3km/h UE speed scenario. We find that DMRS with less overhead can be beneficial for the throughput. The simulation assumption can be found in appendix.
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(3a) 16QAM 1/2, code rate                     (3b) 64QAM, 3/4 code rate  
Figure 3 Performance comparisons in low speed scenario with 3km/h UE speed
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 and 1c. 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. 
In addition, since self-contained sub-frame structure is not necessary for uplink, i.e. gNB does not need to feed back A/N of uplink data transmission to UE within one slot, then both front loaded and middle loaded DMRS are not necessary for uplink. Then we prefer at least one of front loaded and middle loaded DMRS should be introduced for UL.
Furthermore, we provide some simulation results for multiple column DMRS in Figure4.  The BLER comparison between LTE pattern and patterns 2b shows that there is not much difference except 64QAM in 120 km/h UE speed. To further improving channel estimation accuracy, additional DMRS set should be introduced, like pattern 2c – 2h. The related simulation results can refer to our DL simulation results in [4].
Multi-set DMRS patterns have the flexibility advantage of supporting different requirements e.g. traffic, frequency bands, UE speed.
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(4a) 3km/h, 16QAM 1/2                                            (4b) 120km/h, 16QAM 1/2
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 (4c) 3km/h, 64QAM, 3/4 code rate                                       (4d) 120km/h, 64QAM 3/4, code rate
Figure 4 Comparisons of different patterns
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, 1d in Figure 1 and pattern 2b in Figure 2.
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. 
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 5. 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 5 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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Appendix
Table 1 -- simulation parameters for UL DMRS
	Assumptions
	Value

	Carrier frequency
	4 GHz

	Duplex
	FDD

	Subcarrier spacing
	15 kHz

	Channel model
	·  TDL-A model
·  DS = 100 ns, 
· Antenna correlation : Rx=‘Low’

	Number of Antenna
	· NB = 4
· UE = 1

	Transmission rank for data channel
	· Rank 1

	SU/MU
	· SU

	Waveform 
	· DFT-S-OFDM

	Data allocation
	· 8 RBs 

	Modulation order, Coding rate
	· 16QAM (1/2), 64QAM (3/4) 

	Channel coding scheme
	· LTE turbo coding (baseline) 

	Link adaptation / HARQ
	· No link adaptation and no HARQ 

	Channel estimation
	· LMMSE 

	Performance metric
	· BLER

	UE speed
	· 3 km/h, 120 km/h
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