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Introduction
Regarding the DMRS design for data channel, the following agreements were made in the 3GPP RAN1#88 and RAN1#88bis meetings [1], [2]:
Agreements:
· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:
· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.
· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM
· Possible frequency domain configurations considering:
· DMRS overhead 
· Channel estimation performance
· Possible time domain configurations assuming the following scenarios 
· Low, Medium, high, & very high mobility
· Carrier frequency
· Latency
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 this contribution, based on the above agreements, we discuss considerations in designing NR downlink DMRS. 
Discussions
Frequency-domain density of additional DMRS
Front-loaded DMRS for data channel is located in the front region of a slot (e.g., just after the control region). Occasionally, higher frequency-domain density is assumed for supporting large number of orthogonal DMRS ports up to 12. Additional DMRS with higher time-domain density is required to support high Doppler scenario where the channel coherence time is short. 
Regarding the high Doppler scenario, we discover the following aspects:
· 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.
· High Doppler scenarios 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 in order to avoid unnecessary DMRS overhead.
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.
From the above observations, we can conclude that maintaining low frequency-domain density is desirable for additional DMRS in the high Doppler scenario. Hence, we can consider the following combinations of frequency-domain densities of front-loaded DMRS and additional DMRS.
· Case 1: Front-loaded DMRS and additional DMRS have the same high frequency-domain densities
· Case 2: Front-loaded DMRS has high frequency-domain density while additional DMRS has low frequency-domain density
· Case 3: Front-loaded DMRS and additional DMRS have the same low frequency-domain densities
Examples of DMRS patterns according to the above three cases are described in Figure 1. In order to support spatial multiplexing in high Doppler scenario, two orthogonal DMRS ports are assumed: Port 0 and 1.


[bookmark: _Ref466038821]Figure 1. Possible DMRS patterns for high Doppler scenario with different combinations of frequency-domain densities of front-loaded DMRS and additional DMRS
The above observations 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.
We plotted the spectral efficiency as a function of SNR for different combinations of frequency-domain densities of front-loaded DMRS and additional DMRS in Figure 2. According to the results, in the high SNR region (i.e., higher than 14 dB), having the same low frequency-domain densities for both front-loaded DMRS and additional DMRS (Case 3) achieves the highest spectral efficiency. On the contrary, in the low SNR region (i.e., 10-14 dB) having the same high frequency-domain densities for both front-loaded DMRS and additional DMRS (Case 1) achieves the highest spectral efficiency. We can see that allocating additional DMRS with reduced frequency-domain density compared to front-loaded DMRS (Case 2) does not yield superior spectral efficiency compared to the same frequency-domain density cases (Case 1, Case 3). Therefore, it is desirable to always have the same frequency-domain densities for both front-loaded DMRS. The frequency-domain density can be adjusted based on the channel parameters such as channel type, existence of LoS, SNR, and so on.
Observation 3: For high Doppler scenario, having the same frequency-domain densities for both front-loaded DMRS is beneficial in achieving higher spectral efficiency.
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[bookmark: _Ref481510507]Figure 2. Spectral efficiency vs. SNR for different combinations of frequency-domain densities of front-loaded DMRS and additional DMRS (Speed = 500 km/h)
With these observations, we propose the followings:
Proposal 1: NR should support the DMRS design for the high Doppler scenario such that front-loaded DMRS and additional DMRS have the same frequency-domain density. 
Proposal 2: The frequency-domain density should be adjusted based on the channel parameters such as channel type, existence of LoS, SNR, and so on.
Scope of DMRS configurability
In NR, DMRS can be configured UE-specifically according to several aspects such as MIMO scheme, frequency/time-domain channel conditions, RS overhead, latency requirement, and so on. By doing so, balancing among the channel estimation performance, overhead reduction, and latency reduction is achievable. However, there is still room for further improvement in spectral efficiency. Consider a scenario where a large number of RBs (e.g., 15 RBs) are allocated to a single UE. If we observe a snapshot of a channel impulse response in the frequency-domain as seen in Figure 3, some parts may experience severe fluctuation (i.e., channel coherence bandwidth is narrow) and other parts may experience weak fluctuation (i.e., channel coherence bandwidth is wide). In this situation, if only one DMRS density/pattern is allowed for the entire UE bandwidth, inefficient DMRS allocation is inevitable. For example, if low density DMRS is allocated within the entire UE bandwidth, channel estimation accuracy will be degraded within the sub-band with the narrow channel coherence bandwidth. Oppositely, if only high density DMRS is used, spectral efficiency will be decreased due to unnecessary DMRS overhead within the sub-band with the wide channel coherence bandwidth. Therefore, employing different DMRS densities/patterns for different sub-bands within a specific UE bandwidth can be considered.
Observation 4: Having the same frequency-domain densities/patterns within a UE bandwidth is not beneficial in achieving higher spectral efficiency, especially when a UE bandwidth is large.
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[bookmark: _Ref466046059]Figure 3. Snapshot of channel impulse response in the frequency-domain (15 RBs)
Conclusion
In this contribution, we discussed some important issues in downlink DMRS design. Regarding the frequency-domain DMRS density, we concluded that the front-loaded DMRS and additional DMRS should have the same frequency-domain density for high Doppler scenario. We also suggested to allow allocating different DMRS densities/patterns for sub-bands within a UE bandwidth. 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 same frequency-domain densities for both front-loaded DMRS is beneficial in achieving higher spectral efficiency.
Proposal 1: NR should support the DMRS design for the high Doppler scenario such that front-loaded DMRS and additional DMRS have the same frequency-domain density. 
Proposal 2: The frequency-domain density should be adjusted based on the channel parameters such as channel type, existence of LoS, SNR, and so on.
Observation 4: Having the same frequency-domain densities/patterns within a UE bandwidth is not beneficial in achieving higher spectral efficiency, especially when a UE bandwidth is large.
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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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