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Introduction
In the last meeting, it’s agreed that [1]:
 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

Conclusions:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3
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
Agreements:
· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation
· Aim to decide in the next meeting whether to support same density only, or lower density only, or both
· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.
In this contribution, we present our considerations on DMRS designs for DL in NR. 
Discussion on DMRS design for NR MIMO 
DMRS for demodulation 
It’s agreed that, DMRS is the reference signal with main functionalities of data and control demodulation. In addition, it’s also agreed to study the design of DMRS for broadcast channel. As one of the attractive alternatives to ensure coverage, beam sweeping can be used for broadcast and common control channels. However, blind sweeping raises inevitable increase of overhead and delay in repeated transmission of beams. To address this issue, symbol duration shorter than data and dedicated control channel can be considered for beam sweeping procedure. Furthermore, the Tx beams used for consecutive symbols might not be the same. In the most extreme case, the beam can be swept in symbol-by-symbol manner. For user-specific control information, it’s also possible to be embedded in locally swept beams in beam refinement procedure. Therefore, similar situation applies to dedicated control channel too, if the information is to be transmitted with beam sweeping.
Observation 1: In order to demodulate information transmitted in swept beams, the design for DMRS should take the following facts into account
· Numerology, i.e., symbol duration, sub-carrier spacing, etc.
·  beams used for consecutive symbols might not be the same, which implies 
· inter-symbol interpolation for DMRS based channel estimation might be impossible, and 
· rather than PRB-level, symbol-level pattern design can be considered for DMRS transmitted in swept beams 
With channel knowledge available through beam management and possible subsequent feedback in digital domain, more efficient unicast can be used for data and dedicated control information transmissions. However, even though the same set of beam pairs maintained in beam management procedure can be utilized for data as well as dedicated control information, the distinct requirements on spectral efficiency and robustness might suggest individual optimizations for their transmission scheme designs. For instance, to achieve higher spectral efficiency, more layers and codewords could be used for data transmission. Meanwhile, the transmission schemes with higher reliability are more relevant to dedicated control information. Therefore, low-rank beamforming or combination of beamforming and open-loop transmission schemes described above could be better choices for dedicated control information. Therefore, if individual designs for data and dedicated control information transmissions is to be employed, the configuration of DMRS, e.g., port allocation, scramble initialization identity, etc., for data and dedicated control channel could be different. 
Observation 2: If individual designs for data and dedicated control information transmissions are to be designed, the configuration of DMRS, e.g., port allocation, scrambling initialization identity, etc., for data and dedicated control channel could be different. 
DMRS patterns
With more than one choice available, the system may benefit from the introducing of configurable DMRS pattern. Depending on the deployment scenario and requirement on demodulation performance, the system can be configured to transmit data and control channel with more suitable DMRS pattern. To cope with different properties with respect to selectivity of channel in both time and frequency domains, in the last meeting it’s agreed to support DMRS patterns with configurable time and or frequency density. 
To this end, we propose to generate DMRS patterns for multiple deployment scenarios based on extensions of the so-called base pattern. The base patterns presented in Figure 1 define the REs occupied for DMRS transmission in one or two adjacent symbols. For each number of DMRS ports, two alternatives with different densities in frequency domain are given. Based on base patterns of up to 8 orthogonal DMRS ports, the DMRS patterns in slots with 7 and 14 symbols are depicted in Figure 2 and 3 respectively. According to the transmission rank, category of service, mobility and deployment scenarios, DMRS patterns are configurable in terms of density in both time and frequency domains as well as RE distribution. In addition, frontloaded DMRS is supported for each slot structure.  
Due to the potential loss in power amplifier efficiency, purely FDM of DMRS ports is not preferred. Considering the possibility of scheduling with much shorter time unit, CDM-T should also be avoided. In the example patterns shown in Figure 2 and 3 for 7-symbol and 14-symbol slots respectively, CDM-F or CDM-F+FDM can be used for multiplexing of up to 4 DMRS ports. For more than 4 DMRS ports, CDM-F+TDM or CDM-F+FDM+TDM can be used. To be specific, 
· Port 0 &1 are multiplexed in CDM-F2 across 2 consecutive REs in frequency. 
· For rank3-4, CDM-F4 is applied across 4 REs in frequency in the CDM group inside the red ellipse.
· As an alternative, CDM-F2+FDM can be used for rank 3-4 as well
It’s also noted that, the DMRS patterns can easily be extended to support more than 8 orthogonal DMRS ports. As detailed designs of other physical signals and channels are not determined yet, the DMRS patterns can be further refined. 
As the selection of DMRS configuration is largely correlated to details in implementation of channel estimation at UE side, it’s reasonable of allowing UE to make recommendation on DMRS configuration for the upcoming scheduling. Correspondingly, suggestion on transmission scheme and prediction of resultant channel quality could be reported to the network to facilitate transmission optimization. 
Proposal 1: For DMRS pattern design, introduce base pattern as basic unit, based on which DMRS patterns with configurable densities in time and frequency domains and flexible time-domain location are achievable.   
Proposal 2: Support the mechanism of UE-assisted DMRS configuration. 
Proposal 3: The following multiplexing schemes are supported for DMRS.
· port 0 &1 are multiplexed in CDM-F2 across 2 consecutive REs in frequency
· for rank3-4, CDM-F4 is applied. As an alternative, CDM-F2+FDM can be used for rank 3-4 as well
· DMRS patterns can be extended to support more than 8 orthogonal DMRS ports
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Figure.1 DMRS base patterns
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Figure.2 DMRS patterns for 7-symbol slot
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Figure.3 DMRS patterns for 14-symbol slot

Evaluations for DMRS patterns
In this subsection, the 6 DMRS patterns illustrated in Figure 4-1 to 4-6 are used for evaluation. The CP-OFDM based downlink SU-MIMO transmission with 8-T/8-R and CDL-A (300ns) channel model are assumed in the simulation. The BLER performances of 6 DMRS patterns are evaluated through link-level simulations. The detail parameters used for link-level DMRS evaluation are summarized in Appendix Table A-1.
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Figure 4-1. DMRS pattern1                                           Figure 4-2. DMRS pattern2
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                               Figure 4-3. DMRS pattern3                                            Figure 4-4. DMRS pattern4
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                             Figure 4-5. DMRS pattern5                                               Figure 4-6. DMRS pattern6
The 6 NR DMRS patterns are summarized in Table 1.
Table 1. 6 DMRS patterns for 1-2 DMRS ports
	Pattern
	OFDM Symbol number
	REs/DMRS port/14 OFDM symbol
	Multiplexing
	Remarks

	Pattern1
	2
	12
	CDM in time
	Shown in Figure 2-1, antenna port 0 and 1 are CDMed with OCC=2 with consecutive 2 REs  in time domain

	Pattern2[2]
	2
	16
	CDM in frequency
	Shown in Figure 2-2, antenna port 0 and 1 are CDMed with OCC=2 with consecutive 2 REs  in frequency domain

	Pattern3
	2
	12
	CDM in frequency
	Shown in Figure 2-3, antenna port 0 and 1 are CDMed with OCC=2 with consecutive 2 REs  in frequency domain

	Pattern4
	2
	6
	FDM
	Shown in Figure 2-4, antenna port 0 and 1 are FDMed

	Pattern5
	2
	6
	FDM
	Shown in Figure 2-5, antenna port 0 and 1 are FDMed

	Pattern6
	2
	6
	FDM
	Shown in Figure 2-6, antenna port 0 and 1 are FDMed


For rank 2 evaluation, modulation orders of QPSK, 16QAM and 64QAM, and code rates of 0.5, 0.75 and 0.83 are used respectively. 
The BLER performance of 6 DMRS patterns at 3km/h UE speed with rank 2 transmission are shown in Figure 5-1 to 5-12. The simulation results show that, the performance of CDM in time domain (shown as pattern 1) and CDM in frequency domain (shown as pattern2 and pattern3) are better than FDM(shown as pattern4, pattern5 and pattern6) in the case of 3km UE speed. 
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           Figure 5-3. BLER of different DMRS patterns (Rank2/3km/64QAM/0.83) 
The BLER performance of 6 DMRS patterns at 30km/h UE speed with rank 2 transmission are shown in Figure 5-4 to 5-6. The simulation results show that, the performance of CDM in time domain (shown as pattern1) is better than CDM in frequency domain (shown as pattern2 and pattern3), and CDM in frequency domain (shown as pattern2 and pattern3) is better than FDM (shown as pattern4, pattern5 and pattern6) in the case of 30km UE speed.
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                  Figure 5-4. BLER of different                                                 Figure 5-5. BLER of different
DMRS patterns (Rank2/30km/QPSK/0.5)                          DMRS patterns (Rank2/30km/16QAM/0.75)
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Figure 5-6. BLER of different
DMRS patterns (Rank2/30km/64QAM/0.83)

Based on above simulation results, we have the following observation:
Observation 3:
· in the case of 3km UE speed, the performance of CDM in time domain (shown as pattern 1) and CDM in frequency domain (shown as pattern2 and pattern3) are better than FDM (shown as pattern4, pattern5 and pattern6)
· in the case of 30km UE speed, the performance of CDM in time domain (shown as pattern1) is better than CDM in frequency domain (shown as pattern2 and pattern3), and CDM in frequency domain (shown as pattern2 and pattern3) is better than FDM (shown as pattern4, pattern5 and pattern6)
Conclusions
This contribution provides our considerations on DL DMRS design for NR MIMO. Based on the discussion above, we have the following observations and proposal:
Observation 1: In order to demodulate information transmitted in swept beams, the design for DMRS should take the following facts into account
· Numerology, i.e., symbol duration, sub-carrier spacing, etc.
·  beams used for consecutive symbols might not be the same, which implies 
· inter-symbol interpolation for DMRS based channel estimation might be impossible, and 
· rather than PRB-level, symbol-level pattern design can be considered at least for DMRS transmitted in swept beams 
Observation 2: If individual designs for data and dedicated control information transmissions are to be employed, the configuration of DMRS, e.g., port allocation, scrambling initialization identity, etc., for data and dedicated control channel could be different. 
Proposal 1: For DMRS pattern design, introduce base pattern as basic unit, based on which DMRS patterns with configurable densities in time and frequency domains and flexible time-domain location are achievable.   
Proposal 2: Support the mechanism of UE-assisted DMRS configuration. 
Proposal 3: The following multiplexing schemes are supported for DMRS.
· port 0 &1 are multiplexed in CDM-F2 across 2 consecutive REs in frequency
· for rank3-4, CDM-F4 is applied. As an alternative, CDM-F2+FDM can be used for rank 3-4 as well
· DMRS patterns can be extended to support more than 8 orthogonal DMRS ports
Observation 3:
· in the case of 3km UE speed, the performance of CDM in time domain (shown as pattern 1) and CDM in frequency domain (shown as pattern2 and pattern3) are better than FDM (shown as pattern4, pattern5 and pattern6)
· in the case of 30km UE speed, the performance of CDM in time domain (shown as pattern1) is better than CDM in frequency domain (shown as pattern2 and pattern3), and CDM in frequency domain (shown as pattern2 and pattern3) is better than FDM (shown as pattern4, pattern5 and pattern6)
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Appendix
According to the agreed simulation assumptions for NR DMRS, the parameters used for link-level DMRS evaluation are summarized in Table A-1.
Table A-1. Link-level DMRS Simulation Parameters for Basic DMRS pattern
	parameter
	simulation assumption

	Transmission rank for data channel
	Rank 2

	Carrier frequency
	4GHz

	Subcarrier Spacing
	15kHz

	Channel model
	CDL-A, 300ns，
ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900
The angles of TRP, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.

	TRP antenna configuration
	8

	UE antenna configuration
	8
(M,N,P)={ (1,4,2)} with 0.5λ spacing

	Transmission scheme
	SVD

	Data allocation
	8RB

	Modulation order, Coding rate
	QPSK (1/2), 16QAM (3/4), 64QAM (5/6)

	Link adaptation / HARQ
	No AMC/No HARQ

	Channel estimation
	MMSE1D1D(Real estimation)

	PDSCH detection method(Receiver)
	MMSE

	Channel coding scheme
	LTE turbo coding

	UE speed
	3km/h, 30km/h

	Performance metric
	BLER

	DMRS pattern
	Pattern1,Pattern2,Pattern3,Pattern4,Pattern5,Pattern6
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