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The following agreements on the DMRS design were made in the 3GPP RAN1#90 meeting [1]:
Agreements:
· For 14-symbol slot and 1-symbol front-load DMRS
· At least two 1-symbol additional DMRS may be configured
· FFS whether or not to additionally support three 1-symbol additional DMRS may be configured
· Companies are encouraged to perform additional evaluations and design analysis
Agreements:
· For broadcast/multicast PDSCH:
· Additional DMRS is always present (Alt. 1)
· FFS: location and number of additional DMRS
Agreements:
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
In this contribution, based on the above agreements, we discuss considerations in designing NR downlink DMRS. 
Discussions
Number of additional DMRS symbols
Additional DMRS with higher time-domain density is required to support high Doppler scenario where the channel coherence time is short. This is particularly important for high speed train scenario where the UE speed is up to 500 km/h. In this regard, it was agreed in RAN1#90 that at least two 1-symbol additional DMRS can be configured. In addition to this, whether or not to support the three 1-symbol additional DMRS configuration should be decided.
Figure 1 shows examples of additional DMRS patterns based on configuration type 1 with two 1-symbol additional DMRS and three 1-symbol additional DMRS.


[bookmark: _Ref490861127]Figure 1. Examples of 1-symbol additional DMRS patterns based on configuration type 1.
Figure 2 shows examples of additional DMRS patterns based on configuration type 2 with two 1-symbol additional DMRS and three 1-symbol additional DMRS.


[bookmark: _Ref492655079]Figure 2. Examples of 1-symbol additional DMRS patterns based on configuration type 2.
In order to compare link-level performance between two and three 1-symbol additional DMRS, we provide simulation results in a high speed train scenario at a carrier frequency of 30 GHz. The detailed simulation parameters are illustrated in Appendix. It was shown in Figure 3 that two 1-symbol additional DMRS configuration outperforms three 1-symbol additional DMRS configuration at the UE speed of 400 km/h. At 450 km/h, the use of three 1-symbol additional DMRS improved spectral efficiency in the low SNR region (less than 20 dB). At 500 km/h, configuring three 1-symbol additional DMRS yields much higher spectral efficiency in all SNR regions compared to configuring only two 1-symbol additional DMRS.
Observation 1: There is a significant performance loss when configuring only two-1symbol additional DMRS at the UE speed of 500 km/h.
Proposal 1: NR should support three 1-symbol additional DMRS configuration.
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[bookmark: _Ref490862620]Figure 3. Spectral efficiency vs. SNR for the example DMRS patterns with UE speed of {400, 450, 500} km/h (CDL-D, DS=10ns, K=7 dB).
Additional DMRS for broadcast/multicast PDSCH
In contrast to the unicast PDSCH transmission where DMRS is configured UE specifically, the DMRS for the broadcast/multicast PDSCH should be configured to enable robust decoding to every UE. In order to fulfill this requirement, it was agreed in RAN1#90 that additional DMRS is always present for the support of broadcast/multicast PDSCH. As above mentioned, three 1-symbol additional DMRS is beneficial to guarantee the link performance for very high mobility UEs moving at 500 km/h. Therefore, the location and number of additional DMRS for the broadcast/multicast PDSCH should be the same to that for the unicast PDSCH having the maximum number of additional DMRS.
Proposal 2: In NR, the location and number of additional DMRS for the broadcast/multicast PDSCH should be the same as those for the unicast PDSCH with very high Doppler.
Multiplexing between DMRS and PDSCH
In RAN1#90 meeting, the support for FDM between DMRS and PDSCH was agreed for CP-OFDM. The remaining question is under which condition this feature is supported. It is eminent that there is no room for FDM between DMRS and PDSCH when DMRS resources fully occupy the entire subcarriers within an OFDM symbol for large number of DMRS port cases, i.e., 4 ports for DMRS configuration type 1 and 6 ports for DMRS configuration type 2.  In contrast, when the number of DMRS ports are low (e.g., 2 ports for configuration type 1 and 2 or 4 ports for configuration type 2), FDM between DMRS and PDSCH may be beneficial not only in minimizing overhead but also in increasing spectral efficiency. 
Observation 2: Spectral efficiency gain by FDM between DMRS and PDSCH will be significant when the number of DMRS ports is low.
Proposal 3: NR should consider number of DMRS ports as a condition for supporting FDM between DMRS and PDSCH.
The number of additional DMRS symbols can also affect the spectral efficiency improvement by the FDM between DMRS and PDSCH. It is seen in example DMRS patterns in Figure 4 that a significant amount of resources will be wasted (i.e., 24 REs out of 96 REs allocable in DL data region) when the FDM between DMRS and PDSCH. Hence, it would be more beneficial to support FDM between DMRS and PDSCH as the number of additional DMRS increases.
Observation 3: Spectral efficiency gain by FDM between DMRS and PDSCH will increase as the number of additional DMRS increases.
Proposal 4: NR should consider the number of additional DMRS as a condition for supporting FDM between DMRS and PDSCH


[bookmark: _Ref492908989]Figure 4. Example DMRS patterns: a) no additional DMRS; b) 3 additional DMRS.
Another consideration may include SNR or SINR. In a low SNR/SINR environment, large power boosting (e.g., 3 dB) by not allowing FDM between DMRS and PDSCH will be more advantageous in improving channel estimation performance rather than minimizing overhead by allowing FDM between DMRS and PDSCH. In contrast, in a high SNR/SINR environment, channel estimation performance will be satisfactory without large power boosting, making FDM between DMRS and PDSCH more advantageous.
Observation 4: Performance gain by FDM between DMRS and PDSCH depends on the SNR or SINR.
Proposal 5: NR should consider SNR/SINR as a condition for supporting FDM between DMRS and PDSCH.
Conclusion
In this contribution, we discussed some important issues in downlink DMRS design including the number of additional DMRS symbols, additional DMRS for broadcast/multicast PDSCH, and multiplexing between DMRS and PDSCH. Our observations and proposal are reproduced below:
Observation 1: There is a significant performance loss when configuring only two-1symbol additional DMRS at the UE speed of 500 km/h.
Proposal 1: NR should support three 1-symbol additional DMRS configuration.
Proposal 2: In NR, the location and number of additional DMRS for the broadcast/multicast PDSCH should be the same as those for the unicast PDSCH with very high Doppler.
Observation 2: Spectral efficiency gain by FDM between DMRS and PDSCH will be significant when the number of DMRS ports is low.
Proposal 3: NR should consider number of DMRS ports as a condition for supporting FDM between DMRS and PDSCH.
Observation 3: Spectral efficiency gain by FDM between DMRS and PDSCH will increase as the number of additional DMRS increases.
Proposal 4: NR should consider the number of additional DMRS as a condition for supporting FDM between DMRS and PDSCH
Observation 4: Performance gain by FDM between DMRS and PDSCH depends on the SNR or SINR.
Proposal 5: NR should consider SNR/SINR as a condition for supporting FDM between DMRS and PDSCH.
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Appendix
Simulation parameters
The link-level simulation parameters are summarized in Table 1, which were agreed for the DMRS evaluation of high speed scenario at 30 GHz carrier frequency.
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
	Realistic

	Equalizer
	LMMSE

	Channel model
	· CDL-D (DS = 10ns, K-factor = 7 dB)
· Parameter set # 1: 5(ASD), 15(ASA), 5(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 [3]
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