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Introduction
In the last meeting, it’s agreed that [1]:
 Agreements:
· Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
· FFS: Necessity of reduced DMRS density in additional DMRS symbols
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 
Working assumptions:
· For DMRS port multiplexing schemes on 2 adjacent front-loaded DMRS symbols in the time domain:
· Support DMRS configurations with two alternatives
· Time domain OCC (TD-OCC) of antenna ports is supported. In addition, for the other alternative only one of following is supported:
· Option 1A: TDM of antenna ports
· Option 1B: Time domain repetition of all antenna ports
· Notes: 
· This is for both SU-MIMO and MU-MIMO
· If  1B is chosen then whether and/or not pattern shift is used must be decided
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
In this contribution, we present our considerations on DMRS designs for DL in NR. 
Evaluation of FD-OCC based DMRS patterns 
According to the above working assumption, FD-OCC based patterns are used for front-load DMRS configuration 2. Furthermore, for one OFDM symbol case, the following three alternatives are considered.
· 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
In Table 1, several FD-OCC patterns for up to 6 ports are shown. Figure 1-9 show the link-level performance for up to 4 ports.
Table 1. Front-load DMRS patterns based on FD-OCC for up to 6 ports
	Pattern
	5-6 ports
	3-4 ports
	1-2 ports

	1
	
	[image: HW1_4port]
	[image: HW1_2port]

	2
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	3
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Figure 1,2 and 3 show the throughput performance of 4 DMRS patterns for rank-1 transmission with mobility of 3, 30 and 120km/h respectively. The simulation assumptions are listed in the Appendix. 
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Figure 1.  Throughput performance for rank-1 transmission with velocity of 3km/h（left: full-range of SNR, right: lower-SNR）

[image: rank1_cdla300ns_30km_h][image: rank1_cdla300ns_30km_h_5dB]
Figure 2.  Throughput performance for rank-1 transmission with velocity of 30km/h（left: full-range of SNR, right: lower-SNR）

[image: rank1_cdla300ns_120km_h][image: rank1_cdla300ns_120km_h_10dB]
Figure 3.  Throughput performance for rank-1 transmission with velocity of 120km/h（left: full-range of SNR, right: lower-SNR）
Figure 4,5 and 6 show the throughput performance of 4 DMRS patterns for rank-2 transmission with mobility of 3, 30 and 120km/h respectively.
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Figure 4.  Throughput performance for rank-2 transmission with velocity of 3km/h（left: full-range of SNR, right: lower-SNR）
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Figure 5.  Throughput performance for rank-2 transmission with velocity of 30km/h（left: full-range of SNR, right: lower-SNR）

[image: rank2_cdla300ns_120km_h][image: rank2_cdla300ns_120km_h_10dB]
Figure 6.  Throughput performance for rank-2 transmission with velocity of 120km/h（left: full-range of SNR, right: lower-SNR）
Figure 7,8 and 9 show the throughput performance of 3 DMRS patterns for rank-4 transmission with mobility of 3, 30 and 120km/h respectively.

[image: rank4_cdla300ns_3km_h][image: rank4_cdla300ns_3km_h_0dB]
Figure 7.  Throughput performance for rank-4 transmission with velocity of 3km/h（left: full-range of SNR, right: lower-SNR）
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Figure 8.  Throughput performance for rank-4 transmission with velocity of 30km/h（left: full-range of SNR, right: lower-SNR）

[image: rank4_cdla300ns_120km_h][image: rank4_cdla300ns_120km_h_10dB]
Figure 9.  Throughput performance for rank-4 transmission with velocity of 120km/h（left: full-range of SNR, right: lower-SNR）
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]From the evaluation results shown above for up to rank 4, it’s generally observed that the DMRS patterns with higher density per port show better throughput performance in lower SNR range, while in high SNR range, the DMRS patterns with lower overhead show throughput gain. 
Discussion on DMRS port multiplexing 
Based on the working assumption from last meeting, 6 DMRS patterns are available. The complexity with configuration and indication of the DMRS patterns as well as the restriction on MU-MIMO scheduling should be considered carefully. To move forward based on that working assumption, for front-load DMRS configuration 2, we prefer to down select among the three alternatives first. And then, we can further discuss the possibility of making down selection for two OFDM symbols case. Furthermore, the detailed DMRS patterns for different number of ports should be specified.
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: The DMRS patterns with higher density per port show better throughput performance in lower SNR range, while in high SNR range, the DMRS patterns with lower overhead show throughput gain.
Proposal 1: For front-load DMRS configuration 2, we prefer to determine the patterns for one symbol case, and then make further down selection for two symbols case. To move forward, the following 
·   Front-load DMRS Configuration 2: Supports up to 12 ports
· FD-OCC pattern with adjacent REs in the frequency domain
·  One OFDM symbol:
· Pattern 1: 2-FD-OCC across adjacent REs in the frequency domain for 1-2 ports
· Pattern 2: 2-FD-OCC across adjacent REs in the frequency domain for 3-4 ports
· Pattern 3: 2-FD-OCC across adjacent REs in the frequency domain for 5-6 ports
· It’s noted that, pattern 1, 2 and 3 are not necessarily to be same for each port 
· Two OFDM symbols: 
· further down selection based on one symbol case 
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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 evaluation for DMRS pattern
	parameter
	simulation assumption

	Transmission rank for data channel
	Rank 1/2/4

	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
	N/A

	Link adaptation / HARQ
	AMC enable , HARQ enable

	Channel estimation
	MMSE1D1D(Real estimation)

	PDSCH detection method(Receiver)
	MMSE

	Channel coding scheme
	LTE turbo coding

	UE speed
	3km/h, 30km/h,120km

	Performance metric
	Throughput

	DMRS pattern
	pattern1, pattern2, pattern3,pattern4
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