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Introduction
 In the RAN1#89 meeting, the following working assumptions were made [1]:
 
	R1-1709477	WF on DL DMRS multiplexing in the time domain	ZTE, Qualcomm
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


 
	R1-1709833	WF on Front-load DMRS design	Qualcomm, Huawei, HiSilicon, ZTE, Mediatek, Ericsson, Mitsubishi, LGE, ITL, Docomo, ETRI, CATT
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 addition, the following agreement was made regarding CSI-RS density.

	R1-1706441	WF on CSI-RS density	LG Electronics, InterDigital, Intel, ITRI 
Agreements:
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS
· Value(s) of d are at least d=1,1/2.
· For d<1, PRB-level comb-type transmission is supported.
· FFS whether offset value(s) can be the same or different across antenna ports
· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.
· FFS on the supported combinations of value(s) of x and d. 



Based on the agreements above, we make a proposal on density-reduced DMRS placement.

Evaluation results: DMRS density reduction 
As described in the companion contribution [2], configurable density for DMRS is useful to improve the spectral efficiency of the system.
 In this section, link level evaluation results are presented to demonstrate the performance of the proposed reduced density DMRS design. In Figure 1 and Figure 2, throughput performance at 30GHz in the high speed train scenario for different values of the K-factor in the high speed train CDL-D model are shown. The simulation parameters are shown in Table 1. In the figures, “d” indicates the density of DMRS. Two-bit FD-OCC was used across adjacent subcarriers to multiplex two layers and the pattern was repeated twice in the time domain in a 7-symbol slot. The DMRS pattern considered in the simulation is shown in Figure 3.
 It is clear from the figure that due to nonselective channel characteristic in the high speed train scenario, spectrum efficiency gain can be obtained by using the combed DMRS pattern. The spectral efficiency gain for 14-symbol slot can be computed as follows:



Channel estimates are averaged over time and frequency in one resource block. Furthermore, channel estimates are averaged across the resource blocks used in the simulation, i.e., 100 resource blocks. As shown in our previous contribution, the interpolation method does not have a big impact on the performance. Closed-loop precoding is used in the evaluation

Observation 1: With the reduced density DMRS configuration, spectrum efficiency gain can be obtained in the high speed train scenario
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[bookmark: _Ref481703665]Figure 1 Throughput performance of reduced density DMRS, high speed train scenario at 30GHz, 510km/hr, K factor=7 dB

[image: ]
[bookmark: _Ref485397106]Figure 2 Throughput performance of reduced density DMRS, high speed train scenario at 30GHz, 510km/hr, K factor=13.3 dB
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[bookmark: _Ref484712645]Figure 3 Reduced density DMRS configuration for 7-symbol slot, d=1/2



Conclusion 

Observation 1: With the reduced density DMRS configuration, spectrum efficiency gain can be obtained in the high speed train scenario

 In this contribution, the following proposals are made.

Proposal 1: Support configurable DMRS density reduction 
Proposal 2: Support multiple RB designs (combed at RB level) for reduced DMRS density
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Appendix

[bookmark: _Ref481617100]Table 1 Evaluation assumptions for reduced DMRS density
	FEC, modulation 
	Turbo code, 256QAM, 64QAM, 16QAM, QPSK

	Channel estimation
	OFDM: Estimated with RS

	Channel model
	CDL-D shown in [3], (ASD, ASA, ZSA, ZSD)=(5, 1, 15, 5), K-factor=7.0dB

	Center frequency, simulation BW, carrier separation
	30GHz, 80MHz, 60kHz

	Relay and RRH antenna elements
	128

	Antenna architecture for RRH and relay
	(8,16,1,1,1)

	Moving direction of the train
	Moving at direction of 

	RRH antenna element radiation pattern
	




	Relay antenna element radiation pattern
	




	Phase noise model
	BS model in R1-164041

	AFC
	CP is used for AFC for OFDM

	Interpolation
	Time and frequency domain averaging

	Precoding
	Closed loop, Estimates from DMRS are interpolated and averaged over all RBs : one precoder is used for all RBs

	Number of data symbols, IDFT
	1200, 2048 samples

	CP size for OFDM and DFT-s-OFDM
	144 samples

	Maximum speed
	510 km/h

	Number of OFDM symbols
	14
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