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Introduction
 In the RAN1 92b meeting, discussions related to DMRS designs took place [1]. In this contribution, we address some of the remaining issues that concern the content of TS 38.211 [2]. 
Position of additional DMRS symbol for 8-symbol configuration and evaluation results
 In TS. 38. 211, as shown in the table below, the position of the additional DMRS is not determined yet for the 8-symbol Type A configuration. In this contribution, the position of the second DMRS symbol is investigated for 8-symbol duration.


Table 1 “Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS” in TS 38.211
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In the simulation, four patterns shown in Figure 1 to Figure 4, are evaluated. The yellow tiles in the figures indicate positions of PDCCH. For DMRS configuration type 1 and 2, DMRS patterns with or without additional DMRS are evaluated. Detailed evaluation setup is show in Table 1 in the appendix. To evaluate effectiveness of additional DMRS, the high speed train scenario at 30GHz [3] was considered for the evaluation.
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[bookmark: _Ref510604856]Figure 1 : Additional DMRS (configuration type 1)
	[image: ]
Figure 2 : No additional DMRS (configuration type 1)
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Figure 3 : Additional DMRS (configuration type 2)
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[bookmark: _Ref510604857]Figure 4 : No additional DMRS (configuration type 2)



In this contribution, link level evaluations are performed. The simulation assumption is shown in the appendix. The spectrum efficiency curves for type 1 and type 2 DMRS configuration are shown in Figure 5 and Figure 6, respectively. From the figures, it is clear that the configuration with only frontloaded DMRS suffer from small performance loss at lower SNR. At mid-SNR, two patterns exhibit similar performance while at high SNR, configurations without additional DMRS exhibit higher spectral efficiency. 
[bookmark: _GoBack]In our contribution submitted in RAN1#92b [4], the simulation results have shown that additional DMRS placed earlier than the eighth symbol leads to performance degradation because of extrapolation. It should be noted that the Doppler spread in the HST scenario can be corrected using the conventional CP based AFC. Thus, the effect of additional DMRS in the eight-symbol configuration may be reduced in this scenario. 
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[bookmark: _Ref510449195]Figure 5 Spectral efficiency evaluation results comparing various patterns, frequency and time domain interpolation, configuration type 1
[image: ]
[bookmark: _Ref510605927]Figure 6 Spectral efficiency evaluation results comparing various patterns, frequency and time domain interpolation, configuration type 2

In RAN1 92b meeting, the following alternatives are listed and companies have made choices between Alt. 1 and 2.

	Proposal:
For PDSCH mapping type A with 8 symbols duration 
· Alt. 1: do not support the values in bracket.
· Alt. 2: DMRS in symbol 7 is supported
For PUSCH mapping type B with 5 symbols duration, 
· Alt. 1: do not support the values in bracket.
· Alt. 2: DMRS in symbol 4 is supported



Based on the evaluation result based on the HST scenario shown in the contribution, we make the following observation.

[bookmark: Obs1]Observation 1: In the eight-symbol configuration, the DMRS configuration with additional DMRS exhibits slightly better performance at low SNR compared to the configuration without additional DMRS. 
	
[bookmark: Obs2]Observation 2: DMRS configurations without additional DMRS yield higher spectral efficiency performance at high SNR

Based on the above observations, prioritizing performance at low to middle SNR to guarantee robust performance for high speed applications, we make the following proposal:

[bookmark: Prop1]Proposal : For the 8-symbol configuration for PDSCH mapping type A, place the 2nd DMRS symbol in symbol 7

Conclusion 
 In this contribution, we make the following observations.

Observation 1: In the eight-symbol configuration, DMRS configuration with additional DMRS exhibit slightly better performance at low SNR compared to the configuration without additional DMRS. 

Observation 2: DMRS configurations without additional DMRS yield higher spectral efficiency performance at high SNR

Proposal : For the 8-symbol configuration for PDSCH mapping type A, place the 2nd DMRS symbol in symbol 7
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Appendix
[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 model
	CDL-D for HST [4], (ASD, ASA, ZSA, ZSD)=(5, 15, 1, 5), K-factor=7.0dB

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

	Antenna architecture for RRH and relay
	(8,16,1,1,2)

	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
	Frequency and time domain interpolation

	Number of data symbols, IDFT
	1200, 2048 samples

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

	Maximum speed
	500 km/h

	Number of OFDM symbols
	14
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