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Introduction
In RAN1#88 meeting, symmetrical DMRS structure was agreed for DL and UL as following agreements [1]:
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.
Meanwhile, some further agreements for DL DMRS were achieved. 
Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered
· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based
· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported
· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported
· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS
· Additional DMRS with same density in frequency domain compared to front loaded DMRS
· Note that: Front loaded DMRS can be configured with low density
· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported
· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling
· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain
· Consider whether to use mechanism of UE-assisted DMRS configuration. 
· Consider  whether to use UE-assisted configuration of PRG size
In #88b meeting, more details were discussed and agreed as follows:
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
Agreements:
· For CP-OFDM, if one additional DMRS exists
· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 
· FFS additional DMRS position for 14-symbol slot
· Consider symbol 12th, 11th, 10th, 9th
· Study the location of additional DMRS for self-contained ACK/NAK slots 
· Evaluations are encouraged for next meeting
In this contribution, we provided our views and some simulation results for UL DMRS design.
Discussion
NR has reached some agreements on DL DMRS design, while no detailed agreement for UL DMRS design. The design of UL DMRS with CP-OFDM, in some extent, could follow that of DL DMRS, e.g. sequence type (PN or ZC), multiplexing scheme (FDM/TDM/CDM), bundling methods (time domain / frequency domain), etc.
However, due to specialty of support 2 different waveforms in NR UL, it is a challenge to balance different requirements in a uniform structure.
Some considerations are provided for CP-OFDM and DFT-S-OFDM respectively as follows.
CP-OFDM waveform
It has been agreed to support PN sequence for CP-OFDM for DL (ZC sequence is FFS), so PN sequence becomes a natural choice for UL DMRS in CP-OFDM waveform with the benefit that is easier to configure UL/DL DMRS for CP-OFDM orthogonally, compared with ZC sequence is used. 
Proposal 1: NR supports PN sequence for UL DMRS design for CP-OFDM.
However, if considering cross link orthogonality strictly, coordination among adjacent gNBs may be required, and that may reduce the useable space of DMRS sequence, since some ports are always reserved for other links. Randomization among gNBs could solve the problem partially when the port number is not large. Therefore, cross link orthogonality should not be high priority requirement.
ZC sequence can also be considered for UL DMRS for CP-OFDM, if orthogonality between UEs with CP-OFDM and UEs with DFT-S-OFDM is needed with the assumption that DMRS for DFT-S-OFDM is using ZC sequence.
Proposal 2: Both PN and ZC sequence can be supported for UL DMRS for CP-OFDM if Orthogonality between UEs with CP-OFDM and UEs with DFT-S-OFDM is considered.
Since the antenna number of UE is usually smaller than that of gNB and UE is supposed to be less complex, up to 4 ports may be enough for UL SU-MIMO. Since DL DMRS pattern supports maximum 8 orthogonal ports for SU-MIMO, and 12 orthogonal ports for MU-MIMO, UL DMRS pattern could reuse the subsets of DL DMRS patterns.
Proposal 3: UL DMRS patterns should be subset of DL DMRS patterns for CP-OFDM. 
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 affect of density of DMRS for UL DFT-S-OFDM, we ran simulation based on the DMRS pattern 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 DMR symbol because of the poor environment sometimes and the 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 DMRS can be considered as the only UL DMRS pattern. More simulation results for 4GHz carrier frequency with 15kHz subcarrier space can be found in appendix 5.2 which indicates the same trend.
[image: ][image: ]
 (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, appendix 5.1. These results also show the similar trend and the 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 2 Performance 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 4: For front loaded UL DMRS pattern with single symbol, only full density should be supported.
Other issues
MU-MIMO scheduling is usually for higher SINR users, while DFT-S-OFDM is considered to be used in power limited condition with lower SINR, so it should not assume UL MU-MIMO can be applied to several DFT-S-OFDM UEs, or at least the MU-scheduling between DFT-S-OFDM UE and CP-OFDM UE should not be a common case. In order to simplify the UL DMRS design, we propose to prohibit such corner case. 
Proposal 5: Orthogonality is unnecessary between UEs with CP-OFDM and UEs with DFT-S-OFDM.
If support orthogonality of DMRS between UEs with CP-OFDM and UEs with DFT-S-OFDM is really necessary, we prefer TDM scheme for simple design concept.
Moreover, if IFDMA is applied, since the current ZC sequences in LTE only support certain lengths (multiple 12 REs and multiple 6 REs), lot of ZC sequences for different lengths need to be defined, most probably computer generated sequence are needed. The new lengths such as multi-2 RE, multi-3 RE, multi-4 RE should be supported for different density of IFDMA, which may need more standardization efforts. 
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:
Proposal 1: NR supports PN sequence for UL DMRS design for CP-OFDM.
Proposal 2: Both PN and ZC sequence can be supported for UL DMRS for CP-OFDM if Orthogonality between UEs with CP-OFDM and UEs with DFT-S-OFDM is considered.
Proposal 3: UL DMRS patterns should be subset of DL DMRS patterns for CP-OFDM. 
Proposal 4: For front loaded UL DMRS pattern with single symbol, only full density should be supported.
Proposal 5: Orthogonality is unnecessary between UEs with CP-OFDM and UEs with DFT-S-OFDM.
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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)

[image: ][image: ]
(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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