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Introduction
In RAN1#89 meeting, there were following conclusions on DMRS for CP-OFDM [1]:
Working assumption:
· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM
· Front-load DMRS Configuration 1: Supports up to 8 ports
· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)
· One OFDM symbol: 
· To be down selected to 1 Alt:
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Alt 2: Comb 4 + 2 CS, up to 8 ports
· Two OFDM symbols: 
· To be down selected to 2 Alts:
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports
· Front-load DMRS Configuration 2: Supports up to 12 ports
· FD-OCC pattern with adjacent REs in the frequency domain
· One OFDM symbol:
· To be down selected to 1 Alt:
· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports
· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports
· Two OFDM symbols: 
· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· FFS: DMRS pattern before configuration, e.g., SIB1
Conclusion:
· When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For 7-symbol slot. down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· For  14-symbol slot, down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 
In this contribution, we provide our views and some simulation results for UL DMRS design.
Discussion
CP-OFDM waveform
As described in our companion contribution [2] for DL DMRS, we support following proposals for CP-OFDM 
· Proposal 1: For front loaded DMRS with 1 symbol, the front loaded DMRS should be fixed in the 5th symbol for both UL and DL.
· Proposal 2: For UL front loaded DMRS with 2 symbols, support one of following candidates
· Alt. 1: The two symbols of front loaded DMRS are fixed to  5th symbol and 6th symbol respectively
· Alt. 2: If number of PDCCH symbols is less than 3, he two symbols of front loaded DMRS are fixed to 4th symbol and 5th symbol respectively.  Otherwise, the two symbols of front loaded DMRS are fixed to 5th symbol and 6th symbol respectively. 
· Proposal 3: Support same patterns with DL for both FD-OCC based pattern and IFDM based pattern. 
· Proposal 4: When two OFDM symbols are allocated for DMRS transmission, 
· TD-OCC should be used when RRC signal indicates absence of PTRS
· Repetition and TDM should be used for IFDM and FD-OCC based pattern respectively when RRC signal indicates presence of PTRS. 
In addition, since higher number of UE antennas is considered  in NR, especially for high frequency bands. 8 ports for SU-MIMO should be supported. In this case, DCI indication to inform layers, DMRS port, CS, OCC, and scrambling ID can also be the same with that of DL.
DFT-S-OFDM waveform
Usually, the working condition for DFT-S-OFDM is assumed as power limited and low SINR where the density of DMRS is sensitive to the performance of channel evaluation and demodulation. In order to observe the effect of density of DMRS for UL DFT-S-OFDM, we evaluate the DMRS patterns shown in figure 1. 


Figure 1 1 symbol DMRS patterns
Figure 2 shows some simulation results for 30GHz carrier frequency with 60kHz subcarrier space in TDL-A channel with different DMRS density, and the details of simulation assumption are listed in Table 1 appendix 5.1. It can be concluded that denser DMRS could provide better performance. It is important for UL DMRS for DFT-S-OFDM to support full density DMRS symbol in order to  ensure channel estimation performance under poor channel condition.  Very sparse density, like density < 6, may not be suitable for UL DFT-S-OFDM. Considering low SINR conditions for UEs with DFT-S-OFDM, full density of DMRSshould be supported if only 1 symbol is configured for DMRS transmission. More simulation results for 4GHz carrier frequency with 15 kHz subcarrier space can be found in appendix 5.2 which indicates the same trend.
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 (2a) BLER (QPSK, 1/2 code rate)                                   (2b) Spectrum Efficiency (QPSK, 1/2 code rate)
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 (2c) BLER (16QAM  3/4 code rate)                               (2d) Spectrum Efficiency (16QAM  3/4 code rate)
Figure 2 Performance comparisons in low speed scenario with 3km/h UE speed – TDL-A
Further results for MCS adaptation with CDL-A channel model are shown is Figure 3, and the corresponding parameter settings can be found in table 2 in appendix 5.1. These results also show similar trend and full density DMRS still performs better than lower density DMRS, so we suggest full density DMRS for one symbol UL DMRS.
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Figure 3Performance comparisons in low speed scenario with 3km/h UE speed – CDL-A
Observation 1: low density of DMRS is not suitable for UEs with UL DFT-S-OFDM.
Proposal 5: For front loaded UL DMRS pattern with single symbol, only RPF=1 should be supported.
However, when multiple symbols are allocated for DMRS transmission, RPF=2 should be supported in order to multiplex UEs with different waveforms by FDM because DMRS density is enough. Moreover, RPF=2 is useful for cross link interference measurement. 
Proposal 6: For UL DMRS with more than 1 symbols, RPF=2 should be supported.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of uplink DMRS patterns, and then we provided our views and summarized as follows:
For CP-OFDM:
· Proposal 1: For front loaded DMRS with 1 symbol, the front loaded DMRS should be fixed in the 5th symbol for both UL and DL.
· Proposal 2: For UL front loaded DMRS with 2 symbols, support one of following candidates
· Alt. 1: The two symbols of front loaded DMRS are fixed to  5th symbol and 6th symbol respectively
· Alt. 2: If number of PDCCH symbols is less than 3, he two symbols of front loaded DMRS are fixed to 4th symbol and 5th symbol respectively.  Otherwise, the two symbols of front loaded DMRS are fixed to 5th symbol and 6th symbol respectively. 
· Proposal 3: Support same patterns with DL for both FD-OCC based pattern and IFDM based pattern. 
· Proposal 4: When two OFDM symbols are allocated for DMRS transmission, 
· TD-OCC should be used when RRC signal indicates absence of PTRS
· Repetition and TDM should be used for IFDM and FD-OCC based pattern respectively when RRC signal indicates presence of PTRS.
For DFT-S-OFDM
· Proposal 5: For front loaded UL DMRS pattern with single symbol, only RPF=1 should be supported.
· Proposal 6: For UL DMRS with more than 1 symbols, RPF=2 should be supported.
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Appendix
Parameter settings
Table 1 -- simulation parameters for DMRS
	Assumptions
	Value

	Carrier frequency
	30 GHz

	Duplex
	FDD

	Subcarrier spacing
	60 kHz

	Number of Antenna
	· NB = 2
· UE = 1

	Transmission rank for data channel
	· Rank 1

	SU/MU
	· SU

	Data allocation
	· 12 RBs 

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

	Channel coding scheme
	· LTE turbo coding 

	Link adaptation / HARQ
	· No link adaptation and no HARQ 

	Channel estimation
	· LMMSE 

	Performance metric
	· BLER, Spectrum Efficiency

	UE speed
	· 3 km/h

	Channel model
	· NR TDL-A channel models, with delay spread 30ns
· UE speed 3km/h 



Table 2 -- simulation parameters for DMRS
	Assumptions
	Value

	Carrier frequency
	4GHz and 30 GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz for 4GHz, 60 kHz for 30GHz

	TRP antenna configuration
	 (M,N,P,Mg,Ng) = (1,2,1,4,8); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ 

	UE antenna configuration
	 (M, N, P, Mg, Ng) = (1,2,1,4,8) ; (dV,dH) = (0.5, 0.5)λ

	Transmission rank for data channel
	· Rank 1

	SU/MU
	· SU

	Data allocation
	· 4 RBs 

	Modulation order, Coding rate
	· MCS adaptation

	Channel coding scheme
	· LTE turbo coding 

	Link adaptation / HARQ
	· MCS and PMI adaptation, no HARQ 

	Channel estimation
	· LMMSE 

	Performance metric
	·  Spectrum Efficiency with target BLER = 10%

	Channel model
	· NR CDL-A channel models, with delay spread 300ns
· UE speed 3km/h 



Simulation results for 4GHz carrier frequency with 15kHz subcarrier space
The simulation parameter settings for results shown in figure 4 are listed in Table 3 as below.
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(4a) BLER (QPSK, 1/2 code rate)                                   (4b) Spectrum Efficiency (QPSK, 1/2 code rate)
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(4c) BLER (16QAM  3/4 code rate)                               (4d) Spectrum Efficiency (16QAM  3/4 code rate)
Figure 4 Performance comparisons in low speed scenario with 3km/h UE speed

Table 3 -- simulation parameters for DMRS
	Assumptions
	Value

	Carrier frequency
	4 GHz

	Duplex
	FDD

	Subcarrier spacing
	15 kHz

	Number of Antenna
	· NB = 2
· UE = 1

	Transmission rank for data channel
	· Rank 1

	SU/MU
	· SU

	Data allocation
	· 12 RBs 

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

	Channel coding scheme
	· LTE turbo coding 

	Link adaptation / HARQ
	· No link adaptation and no HARQ 

	Channel estimation
	· LMMSE 

	Performance metric
	· BLER, Spectrum Efficiency

	UE speed
	· 3 km/h

	Channel model
	· NR TDL-A channel models, with delay spread 30ns
· UE speed 3km/h 
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