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Introduction
 In the RAN1#88bis meeting, the following agreements were made [1]:
 
	R1-1706310	WF on the number of DL orthogonal  DM-RS ports	Huawei, HiSilicon, AT&T, IITM, Softbank, CeWiT, CMCC, IITH, Tejas Networks, MediaTek, CATT, CATR, Nokia, ASB, Mitsubishi Electric, NTT DOCOMO, Fujitsu, China Unicom, Deutsche Telekom, KDDI, TELECOM ITALIA, Xinwei
· Confirm the following working assumption:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO


 
	R1-1706543  Additional DMRS structure Samsung, Qualcomm, ETRI, CATT, Ericsson, vivo, KT Corp
R1-1706816	Additional DMRS structure	Samsung, Qualcomm Incorporated, ETRI, CATT, Ericsson, vivo, KT Corp, Nokia, Alcatel-Lucent Shanghai Bell, MediaTek Inc., NTT DOCOMO, INC
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 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.

DMRS evaluation results: equal vs. unequal density
 In our companion contribution [2], we have shown four different designs for DMRS. For reference, the configurations are shown in Figure 11 through Figure 14 in the appendix. The simulation is conducted in the high speed train scenario at 30GHz. The simulation parameters are shown in Table 1 in the Appendix. We note that AFC using the CP from OFDM is implemented in the simulation. We also note that three interpolation methods are used in the simulation. Spectral efficiency performance for K=7dB is shown in Figure 1 through Figure 3 for different interpolation methods. It is clear from the figures that interpolating in both time and frequency domain does not yield satisfactory performance for configuration for “equal density 1”. On the other hand, averaging channel estimates in both time and frequency domain yield the best performance among three interpolation methods. This is due to the strong LoS component which does not introduce selectivity in both frequency and time domain. In addition, it is clear that equal or unequal density configuration do not make a big difference in the performance.
 Spectral efficiency performance for K=13.3dB is shown in Figure 4 and Figure 6. Similar to the result when K=7dB, averaging in both time and frequency domain yields the best spectral efficiency performance. In addition, it is clear from the figures that equal or unequal density configuration do not make a big difference in the performance. Thus, as mentioned in our companion contribution [2], for ease of signaling, the equal density configuration is recommended.

Observation 1: In the high speed train scenario, equal or unequal density of DMRS configuration does not have significant impact on the spectral efficiency performance
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[bookmark: _Ref481701217]Figure 1 Time and frequency domain interpolation, K=7dB
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[bookmark: _Ref481701198]Figure 2 Time domain interpolation, Frequency domain averaging, K=7dB
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[bookmark: _Ref481701220]Figure 3 Time and Frequency domain averaging, K=7dB
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[bookmark: _Ref481701661]Figure 4 Time and frequency domain interpolation, K=13.3dB
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Figure 5 Time domain interpolation, Frequency domain averaging, K=13.3dB



[bookmark: _Ref481701200]Figure 6 Time and Frequency domain averaging, K=13.3dB


Evaluation results: density reduction 
 In this section, link level evaluation results are presented to demonstrate the performance of the proposed reduced density DMRS design. For convenience, the proposed reduced DMRS density design is shown in Figure 15 in the appendix. In Figure 7, throughput performance at 4GHz with subcarrier spacing of 60kHz and 3km/hr mobility for both reduced (d=1/2) and full density (d=1) DMRS configurations are shown. The simulation assumption for the link level simulation is shown in Table 2. In Figure 7, small degradation in the throughput performance is observed at higher CNR by reducing the density to 50%. In Figure 8, simulations are conducted at subcarrier spacing of 15kHz at mobility with 3km/hr. It is clear from the figure that due to smaller frequency selectivity because of smaller SCS, the performance difference between d=1 and d=1/2 is reduced, compared to the case when SCS is 60kHz  In Figure 9 and Figure 10, throughput performances at 30GHz for modulation up to 64QAM and 256QM respectively, are shown. It is clear from the figures that similar to the 4GHz evaluation result, small performance degradation is observed at higher CNR. 
At 30GHz, small performance degradation is observed when up to 64QAM is used in the evaluation. The difference in performance between d=1 and d=1/2 is noticeable at higher order modulation, i.e., 256QAM. These degradations are due to selectivity in the channel. Different patterns from the one considered in our companion contribution [2] can be considered for performance improvement.

Observation 2: With the distributed DMRS configuration, degradation in throughput performance is observed at high CNR
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[bookmark: _Ref481703665]Figure 7 Throughput performance of reduced density DMRS, 4GHz, 3km/hr mobility, 60kHz SCS
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[bookmark: _Ref482623814]Figure 8 Throughput performance of reduced density DMRS with modulation up to 256QAM, 4GHz, 3km/hr mobility, 15kHz SCS
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[bookmark: _Ref481704296]Figure 9 Throughput performance of reduced density DMRS with modulation up to 64QAM, 30GHz, 3km/hr mobility, 60kHz SCS
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[bookmark: _Ref481789063]Figure 10 Throughput performance of reduced density DMRS with modulation up to 256QAM, 30GHz, 3km/hr mobility, 60kHz SCS

Conclusion 

Observation 1: In the high speed train scenario, equal or unequal density of DMRS configuration does not have significant impact on the spectral efficiency performance

Observation 2: With the distributed DMRS configuration, degradation in throughput performance is observed at high CNR

 In this contribution, the following proposal is made.

Proposal 1: Consider the equal DMRS density design

Proposal 2: Consider multiple RB designs for reduced DMRS density
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[bookmark: _Ref481552332]Figure 11 Equal density, 12 DMRS symbols over 2 OFDM symbols (Equal density 1)
	

Figure 12 Equal density : 12 DMRS symbols over 4 OFDM symbols (Equal density 2)



	

Figure 13 Unequal density, 12 DMRS symbols over 4 OFDM symbols (Unequal density 1)
	

[bookmark: _Ref481552333]Figure 14 Unequal density : 12 DMRS symbols over 3 OFDM symbols (Unequal density 2)
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[bookmark: _Ref481705103]Figure 15 Reduced DMRS density configuration with d=1/2


[bookmark: _Ref481617100]Table 1 Evaluation assumptions for equal vs unequal density in high speed train scenario
	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, 15, 1, 5), K-factor=7.0dB, 13.3dB

	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, time and frequency domain interpolation, frequency domain averaging and time domain interpolation

	Number of data symbols, IDFT
	1200, 2048 samples

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

	Maximum speed
	600 km/h

	Number of OFDM symbols
	14



[bookmark: _Ref481703717]Table 2 Evaluation assumptions for DMRS reduced density reduction, link level simulation, 4GHz
	FEC, modulation
	Turbo code, QPSK, 16QAM, 64QAM, 256QAM

	Channel estimation
	OFDM: Estimated with DMRS

	Channel model
	CDL-B DS=30ns

	Center frequency, simulation BW, carrier separation
	4GHz, {80MHz, 20MHz}, {60kHz, 15kHz}

	Mobility
	{30 km/hr, 3km/hr}

	Number of antennas at TRP
	16

	Number of antennas at UE
	4



Table 3 Evaluation assumptions for DMRS reduced density reduction, link level simulation, 30GHz
	FEC
	Turbo code, QPSK, 16QAM, 64QAM, 256QAM

	Channel estimation
	OFDM: Estimated with DMRS

	Channel model
	CDL-B DS=30ns

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

	Mobility
	3 km/hr

	Antenna architecture for BS
	(8,32,2,1,1)

	Antenna architecture for UE
	(8,4,1,1,2)
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