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Introduction
This contribution is revised from R1-1718002.
The following agreements on the DMRS design were made in the 3GPP RAN1#90 meeting [1]:
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
Consequently, in the RAN1-NR#3 meeting, the following agreements were made [2]:
Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transsmisions
· The above applies for PDSCH and PUSCH without hopping
· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 
· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols
During the email discussion after RAN1#90bis meeting, the following agreements were made [3]:
Agreements:
For the higher layer signaling related to DMRS:
· A UE may be configured with a number of additional DMRS which may be different for slot-based and non-slot-based transmission/scheduling and may be different for DL and UL.
· A UE, in DL or UL, may be configured with the same or different DMRS configuration type for slot-based and non-slot-based transmission/scheduling
· It will be further discussed in RAN1#91 if and when a UE expects to be configured with the same DMRS configuration type for slot-based and non-slot-based transmission/scheduling (e.g., scenarios with concurrent slot/non-slot-based). 
· It will be further discussed in RAN1#91 if configuration type is fixed to be type 2 in case of 2 or 4 symbols non-slot-based transmission/scheduling. 
· A UE may be configured with configuration type which may be different for DL and UL.
· A UE in DL may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PDSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 
· It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
· A UE in UL CP-OFDM may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PUSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 
· It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
· A UE for the PUSCH’s DMRS for DFT-S-OFDM may be configured with a UE-specific parameter (UL-DMRS-Identity-Transform-precoding) used for sequence initialization which is the same for both slot-based and non-slot-based transmission/scheduling.
· At least for slot-based transmission/scheduling, a UE may be configured with the maximum number of front-load DMRS symbol which may be different for DL and UL. 
· It will be further discussed in RAN1#91 whether the above applies also for non-slot-based transmission/scheduling. 
· When a UE is configured with a maximum number of 1 symbol for front-load DMRS (DL-DMRS-max-len=1), the UE may be configured with DL-DMRS-add-pos={0,1,2,3}. When UE is configured with a maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos. 
· It will be further discussed in RAN1#91 the allowable number of additional DMRS when DL-DMRS-max-len=2 and the UE is dynamically scheduled with 1-symbol for front-load DMRS.
· Keep the “dmrs-group” RRC parameters as placeholder until discussions on how to specify the RRC signaling and configuration of DMRS groups are concluded.
· It will be further discussed in RAN1#91 whether a new RRC parameter is needed to be introduced which enables DMRS port table restriction or subset selection for both DL and UL.
· It will be further discussed in RAN1#91, the relation between PDSCH (or PUSCH) mapping type, associated DMRS parameters, PDSCH (or PUSCH) starting symbol and PDSCH (or PUSCH) duration, any signaling (if needed) for configuration (if needed) of slot-based and non-slot-based.
In this contribution, based on the above agreements, we discuss considerations in designing NR DMRS. 
Discussions
Number of additional DMRS when 1-symbol front-load DMRS is dynamically scheduled
An issue was raised whether to support 1 or 3 additional DMRS when the maximum number of front-load DMRS is semi-statically configured to 2 and the actual number of front-load DMRS is dynamically configured to 1. Since the DMRS configuration is done in a UE-specific manner, it is not necessary to dynamically support two conflicting use cases (e.g., very high Doppler requiring 3 additional DMRS vs. large DMRS ports requiring two-symbol front-load DMRS) by supporting 3 additional DMRS when maximally 2 but actually only 1 front-load DMRS is configured. It will be better to resolve these kinds of situation by semi-statically reconfiguring the maximum number of front-load DMRS symbols.
Proposal 1: For DL and UL slot-based transmission/scheduling, NR supports only 1 additional DMRS when the maximum number of front-load DMRS is semi-statically configured to 2 and the actual number of front-load DMRS is dynamically configured to 1.
Additional DMRS for broadcast/multicast PDSCH and unicast PDSCH before RRC configuration
In contrast to the unicast PDSCH transmission after RRC configuration where DMRS is configured UE specifically, the DMRS for the broadcast/multicast PDSCH and unicast PDSCH before RRC configuration should be configured to enable robust decoding to every UE regardless of its channel characteristics such as delay spread and Doppler spread. 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. In addition, in RAN1-NR#3, an agreement was made to support three 1-symbol additional DMRS for very high mobility UEs. Therefore, supporting three 1-symbol additional DMRS is also necessary for decoding broadcast/multicast PDSCH and unicast PDSCH before RRC configuration.
Proposal 2: NR supports three 1-symbol additional DMRS for broadcast/multicast PDSCH and unicast PDSCH before RRC configuration.
Multiplexing between DMRS and data REs
In RAN1#90 meeting, support for FDM between DMRS and data REs 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/PUSCH 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/PUSCH may be beneficial not only in minimizing overhead but also in increasing spectral efficiency. 
Observation 1: Spectral efficiency gain by FDM between DMRS and PDSCH/PUSCH will be significant when the number of DMRS ports is low.
Proposal 3: NR supports FDM between DMRS and PDSCH/PUSCH based on the number of DMRS ports under the following conditions:
· For configuration type 1, FDM is supported for 1 and 2 DMRS ports.
· For configuration type 2, FDM is supported for at least 1 and 2 DMRS ports.
The number of additional DMRS symbols can also affect the spectral efficiency improvement attained by FDM between DMRS and PDSCH/PUSCH. Example DMRS patterns are illustrated based on configuration type 2 in Figure 1 (one 1-symbol additional DMRS), Figure 2 (two 1-symbol additional DMRS), and Figure 3 (three 1-symbol additional DMRS). We can see that a significant amount of resources will be wasted (i.e., 16 REs, 24 REs, and 32 REs within a 14-symbol slot, respectively) when FDM between DMRS and PDSCH/PUSCH is not supported. 


[bookmark: _Ref494295638]Figure 1. DMRS patterns with one 1-symbol additional DMRS (Configuration type 2).


[bookmark: _Ref494295640]Figure 2. DMRS patterns with two 1-symbol additional DMRS (Configuration type 2).


[bookmark: _Ref494295641]Figure 3. DMRS patterns with three 1-symbol additional DMRS (Configuration type 2).
In order to compare link-level performances between the cases with and without FDM between DMRS and data REs, we provide simulation results in a high speed train scenario at a carrier frequency of 30 GHz. Employing configuration type 2, power boosting of 4.77 dB is used for no FDM case and power boosting of 1.77dB is used for FDM case. The remaining detailed simulation parameters are illustrated in Appendix. It was shown in Figure 4 that, in high SNR region, supporting FDM between DMRS and data REs achieves higher spectral efficiency. In addition, the spectral efficiency gain of FDM increases with the number of additional DMRS. Oppositely, in low SNR region, supporting FDM is not beneficial due to channel estimation performance degradation. In addition, MCS index can also be used as a criterion whether to support FDM between DMRS and PDSCH/PUSCH. When higher MCS index is used (i.e., higher modulation order and code rate), it will be more susceptible to channel estimation error. Hence, it will be more beneficial not to support FDM and at the same time provide large power boosting on DMRS.
Observation 2: In high SNR region, spectral efficiency gain by FDM between DMRS and PDSCH/PUSCH is observed, and the gain increases as the number of additional DMRS increases.
Observation 3: In low SNR region, spectral efficiency gain by FDM between DMRS and PDSCH/PUSCH is not observed.
Proposal 4: NR supports FDM between DMRS and PDSCH/PUSCH based on the number of additional DMRS and/or MCS index under the following conditions:
· FDM is supported when the number of additional DMRS is larger than X.
· Value X is configured by RRC signalling.
· FDM is supported when MCS index is lower than Y.
· Value Y is configured by RRC signalling.
[image: ]  [image: ] [image: ]
[bookmark: _Ref490862620]Figure 4. 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).
Conclusion
In this contribution, we discussed some remaining important issues in DMRS design. Our observations and proposal are reproduced below:
Proposal 1: For DL and UL slot-based transmission/scheduling, NR supports only 1 additional DMRS when the maximum number of front-load DMRS is semi-statically configured to 2 and the actual number of front-load DMRS is dynamically configured to 1.
Proposal 2: NR supports three 1-symbol additional DMRS for broadcast/multicast PDSCH and unicast PDSCH before RRC configuration.
Observation 1: Spectral efficiency gain by FDM between DMRS and PDSCH/PUSCH will be significant when the number of DMRS ports is low.
Proposal 3: NR supports FDM between DMRS and PDSCH/PUSCH based on the number of DMRS ports under the following conditions:
· For configuration type 1, FDM is supported for 1 and 2 DMRS ports.
· For configuration type 2, FDM is supported for at least 1 and 2 DMRS ports.
Observation 2: In high SNR region, spectral efficiency gain by FDM between DMRS and PDSCH/PUSCH is observed, and the gain increases as the number of additional DMRS increases.
Observation 3: In low SNR region, spectral efficiency gain by FDM between DMRS and PDSCH/PUSCH is not observed.
Proposal 4: NR supports FDM between DMRS and PDSCH/PUSCH based on the number of additional DMRS and/or MCS index under the following conditions:
· FDM is supported when the number of additional DMRS is larger than X.
· Value X is configured by RRC signalling.
· FDM is supported when MCS index is lower than Y.
· Value Y is configured by RRC signalling.
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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.
[bookmark: _Ref494451705]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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