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Introduction
Regarding the DMRS design for data channel, the following agreements were made in the 3GPP RAN1#88 meeting [1]:
Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered
· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based
· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported
· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported
· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS
· Additional DMRS with same density in frequency domain compared to front loaded DMRS
· Note that: Front loaded DMRS can be configured with low density
· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported
· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling
· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain
· Consider whether to use mechanism of UE-assisted DMRS configuration. 
· Consider whether to use UE-assisted configuration of PRG size
According to the above agreements, the frequency-domain density of additional DMRS is an important design option for the high Doppler scenario, and is subject to down selection between two options: additional DMRS with the reduced frequency-domain density and additional DMRS with the same frequency-domain density compared to the front-loaded DMRS.
In this contribution, considering high Doppler scenario, we discuss which frequency-density option for the additional DMRS should be down selected considering both the characteristics of the high Doppler scenario and the link-level performance comparison. For the link-level evaluation, we assume the high speed scenario (Macro + Relay) which supports very high mobility up to 500 km/h as identified in [2].
Possible DMRS patterns for high Doppler scenario
Additional DMRS with reduced frequency-domain density
In the time-frequency resource grid, the front-loaded DMRS for data channel can be located in the front region of a slot (e.g., just after the control region) with higher frequency-domain density. The data region follows the front-loaded DMRS. In order to support high Doppler scenario, the additional DMRS can be allocated in the data region with higher time-domain density but lower frequency-domain density, as seen in Figure 1. In our proposed DMRS pattern examples, two orthogonal DMRS ports are assumed: Port 0 and 1.



[bookmark: _Ref466038821]Figure 1. Possible DMRS patterns for high Doppler scenario where additional DMRS with reduced frequency-domain density compared to front-loaded DMRS: a) 4 additional DMRSs per RB; b) 2 additional DMRSs per RB.
One reason of employing front-loaded DMRS with high frequency-domain density is to support large number of orthogonal DMRS ports. Support for the maximal 12 orthogonal DMRS ports is adopted as a working assumption in the RAN1#88 meeting [1]. However, in a high Doppler scenario with UE mobility up to 500 km/h, supporting such a large number of orthogonal DMRS ports is not necessary and impractical. Large spatial multiplexing gain of MU-MIMO techniques such as spatial beamforming is achievable in moderate and low mobility environments [3]. In a high mobility environment, it is desirable to keep the number of orthogonal DMRS ports low, e.g., 2 ports.
Observation 1: For high Doppler scenario, it is not desirable to support large number of orthogonal DMRS ports.
Besides the large number of orthogonal DMRS ports, frequency selectivity also motivates the use of higher frequency-domain density front-loaded DMRS. Denser DMRS allocation in the frequency domain is needed for highly frequency selective channels. However, high mobility environments tend to be of line-of-sight (LOS) dominant channel condition with high K-factor. For example, NR high speed scenario assumes CDL-D channel with the delay scaling factor of 10 ns and the K-factor of 13.3 dB [4]. Hence, dense DMRS allocation in the frequency-domain is not desirable for high Doppler scenario.
Observation 2: For high Doppler scenario, it is not desirable to allocate DMRS densely in the frequency-domain.
Additional DMRS with same frequency-domain density
Considering the above observations regarding the required number of orthogonal DMRS ports and the frequency selectivity of the high Doppler scenario, dense front-loaded DMRS allocation in the frequency-domain is not necessarily needed. It only increases RS overhead. Instead, front-loaded DMRS allocation with low frequency-domain density might be more desirable. In this regard, we provide an example of DMRS design where the front-loaded DMRS and additional DMRS have the equally low frequency-domain density, as seen in Figure 2.


[bookmark: _Ref466046059]Figure 2. Possible DMRS patterns for high Doppler scenario where additional DMRS with the same frequency-domain density compared to front-loaded DMRS: a) 4 additional DMRSs per RB; b) 2 additional DMRSs per RB.
Observation 3: For high Doppler scenario, having the equally low frequency-domain density for the front-loaded DMRS and additional DMRS is beneficial in reducing RS overhead.
Simulation results
The observations in the previous section can be further verified by simulation. We provide link-level simulation results assuming a high speed scenario option 2 (Macro + Relay) where mmWave band (around 30 GHz) is used for macro link transmission. Specific simulation parameters are given in Appendix.
BLER results
We plotted the BLER as a function of SNR for different frequency-domain front-loaded and additional DMRS densities in Figure 3. The BLER when having the perfect channel information is also plotted for comparison. As expected, it is seen that the BLER is decreased as the frequency-domain density of the additional DMRS is increased. However, we can see only a slight BLER decrease with the frequency-domain densification of the front-loaded DMRS. Since the channel coherence time is very short due to high mobility (500 km/h), additional improvement in channel estimation accuracy by increasing only the front-loaded DMRS frequency-domain density is limited. 
Observation 4: For high Doppler scenario, BLER improvement by employing front-loaded DMRS with high frequency-domain density is not significant, compared with the front-loaded DMRS having the same frequency-domain density as the additional DMRS.
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[bookmark: _Ref462418471]Figure 3. BLER vs. SNR different frequency-domain front-loaded and additional DMRS densities    (Speed = 500 km/h)
Spectral efficiency results
We plotted the spectral efficiency as a function of SNR for different frequency-domain front-loaded and additional DMRS densities in Figure 4. The spectral efficiency when the perfect channel information is available is also plotted for comparison. According to the results, increasing frequency-domain density of the additional DMRS from 2 REs to 4 REs improves the spectral efficiency. On the contrary, increasing frequency-domain density of the front-loaded DMRS reduces the spectral efficiency. We can interpret this finding by saying that the loss due to the increased front-loaded DMRS overhead is larger than the BLER improvement by increased frequency-domain density front-loaded DMRS. 
Observation 5: For high Doppler scenario, employing front-loaded DMRS having higher frequency-domain density than the additional DMRS can reduce the spectral efficiency.
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[bookmark: _Ref472031321]Figure 4. Spectral efficiency vs. SNR for different frequency-domain front-loaded and additional DMRS densities (Speed = 500 km/h)
With these observations, we propose the following.
Proposal 1: NR should down select the DMRS design for the high Doppler scenario such that front-loaded DMRS and additional DMRS have the same low frequency-domain density.
Conclusion
In this contribution, for high Doppler scenario, we discussed which frequency-domain density option for the front-loaded DMRS and additional DMRS should be down selected. After considering both the characteristics of the high Doppler scenario and the link-level performance comparison, we concluded that the front-loaded DMRS and additional DMRS should have the same low frequency-domain density for high Doppler scenario. Our observations and proposal are reproduced below:
Observation 1: For high Doppler scenario, it is not desirable to support large number of orthogonal DMRS ports.
Observation 2: For high Doppler scenario, it is not desirable to allocate DMRS densely in the frequency-domain.
Observation 3: For high Doppler scenario, having the equally low frequency-domain density for the front-loaded DMRS and additional DMRS is beneficial in reducing RS overhead.
Observation 4: For high Doppler scenario, BLER improvement by employing front-loaded DMRS with high frequency-domain density is not significant, compared with the front-loaded DMRS having the same frequency-domain density as the additional DMRS.
Observation 5: For high Doppler scenario, employing front-loaded DMRS with higher frequency-domain density than the additional DMRS can reduce the spectral efficiency.
Proposal 1: NR should down select the DMRS design for the high Doppler scenario such that front-loaded DMRS and additional DMRS have the same low frequency-domain density.
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Appendix
Simulation parameters
The link-level simulation parameters are summarized in Table 1, which are agreed for the DMRS evaluation of high speed scenario. For the phase noise model, the multi-pole/zero model for 30 GHz is used [5], which was agreed in [6]. In the simulation, the common phase error is compensated. The frequency offset due to the Doppler shift occurring from the strong LOS path is also compensated. For the multi-port DMRS allocation, FDM is used for 2 orthogonal DMRS ports.
[bookmark: _Ref458782256]Table 1. Link-level simulation parameters
	Parameter
	Value

	Carrier frequency
	30 GHz

	System bandwidth
	80 MHz

	Subcarrier spacing
	120 kHz

	Channel coding
	LTE Turbo

	MCS
	16QAM 3/4

	Number of layers
	1

	Channel estimation
	LS estimation and linear interpolation

	Equalizer
	LMMSE

	Channel model
	· CDL-D (DS = 10ns, K-factor = 13.3 dB)
· Parameter set # 1: 5(ASD), 5(ASA), 1(ZSA), 1(ZSD)
· ZoD and ZoA for cluster #1 are fixed at 90 degrees

	TRP antenna configuration
	· (M,N,P,Mg,Ng) = (8,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=65, directivity 8dB)

	UE antenna configuration
	· (M,N,P,Mg,Ng) = (8,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=65, directivity 8dB)

	Phase noise model
	Multi-pole/zero model [5]

	UE speed
	500 km/h
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