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1 Introduction
In RAN1#87, the following agreement of starting DMRS evaluation for DL data channel for NR has been made [1]:
· For the RAN1 NR Ad-hoc meeting, companies are encouraged to provide performance evaluation and to clarify the following aspects used for evaluation:
· Channel estimation method (e.g. IFFT type, MMSE type and LS type including assumptions on pipe-line or interpolation/extrapolation for data demodulation, etc.)
· PRB bundling assumption
· Considering of noise limited and interference limited scenarios
· Companies to state phase noise assumptions
In order to facilitate evaluation, companies proposals on DMRS design have been collected in [87-28] email discussion [2] and the consensus on the simulation assumption have been reached in [87-29] email discussion [3]. In this contribution, we provide the performance of DMRS patterns for NR by link-level simulation (LLS) for 4GHz and 30GHz carrier frequency, respectively.
2 Performance evaluation for DMRS patterns
2.1 DMRS patterns for NR
In DMRS design, new supporting features of NR system such as different numerology and high carrier frequency operation should be considered together. Low latency and high mobility KPIs for NR are other important factors that may need to be considered for DMRS design. On top of that, channel estimation performance on DMRS should be sufficiently guaranteed in NR. In [87-28] email discussion, multiple DMRS patterns for NR were proposed [2]. Among them, the following three DMRS patterns have been selected for evaluation and each DMRS pattern is depicted in Figure 1:

· Pattern1: 16 DMRS REs with OCC for one layers transmission
· Pattern2: 12 DMRS REs with OCC for one layers transmission
· Pattern3: 6 DMRS REs with comb type FDM for one layers transmission
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Figure 1 Candidate DMRS patterns for NR.
In Pattern1, 16 REs are used for DMRS for supporting up to 2 orthogonal ports. As shown in Figure 1(a), DMRS ports 0 and 1 are mapped to blue REs (across 2 adjacent in frequency REs) with OCC=2. For 4 orthogonal port multiplexing, different methods can be used depending on channel conditions. For example, channel with high delay spread, TDM across 2 adjacent OFDM symbols can be used for DMRS ports 2 and 3 extensions. On the other hand, CDM or FDM within an OFDM symbol can be used for DMRS port multiplexing when channel delay spread is low. Compared to Pattern2 and 3, Pattern1 has higher RS density so that ensures robust DMRS performance in low SNR region. Also, Pattern1 might be more susceptible to high delay spread scenarios and large subcarrier spacing due to dense RS pattern over frequency domain.
On the other hand, for Pattern2, 12 REs are used for DMRS for supporting up to 2 orthogonal ports. As shown in Figure 1(b), ports 0 and 1 are mapped to the blue REs with OCC=2 and ports 2 and 3 are mapped into the yellow REs with OCC=2. In terms of RS density, Pattern2 has same RS overhead as LTE DMRS. Therefore, for Pattern2, similar channel estimation performance is expected compared with LTE DMRS.  
Lastly, Pattern3 is comb type DMRS structure where 6 REs are used for one DMRS port and FDM used to multiplexing additional DMRS ports. Specifically, as shown in Figure 1(c), four orthogonal DMRS ports are multiplexed within one OFDM symbol where different colors indicate different port. Compared to Pattern1 and 2, Pattern 3 has lower RS density and might not guarantee DMRS performance in low SNR region.  
2.2 Evaluation results for 4GHz
In this section, we provide BLER performance of NR DMRS patterns on 4GHz frequency band. Three DMRS patterns which are discussed in the previous section are evaluated as shown in Figure 2. As an initial stage of DMRS evaluation, we focus on channel estimation performance of DMRS in low SNR region without PRB bundling. Therefore, the applied modulation order and coding rate for evaluation are QPSK and 1/5, respectively. Subcarrier spacing of 15 KHz is assumed in the evaluation. Evaluation assumptions are based on [87-29] email discussion and detailed simulation parameters are given in Appendix.
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Figure 2 BLER performance of DMRS patterns for NR
As shown in Figure 2, Pattern1 provide robust BLER performance over Pattern2 and 3. Specifically, Pattern1 yields about 2dB SNR gain over Pattern3 in the BLER range of 10-1 and 10-2. Also, Pattern1 has about 0.5~1dB SNR gain over Pattern2 in the BLER range of 10-1 and 10-2. The large performance gap here is due to channel estimation performance from different RS density and pattern. In case of DMRS, receiver should perform channel estimation based on size of scheduled PRB. Therefore, with one PRB DMRS pattern, channel estimation performance needs to be adequate especially in low SNR regions.
Observation 1: For 4GHz, much performance gap up to 2dB SNR is observed depending on DMRS pattern design.
2.3 Evaluation results for 30GHz
In this section, we provide BLER performance of NR DMRS patterns on 30GHz frequency band. Similar to Section 2.2, three DMRS patterns are evaluated as shown in Figure 3. However, for 30GHz, DMRS of 2th OFDM symbol only used for evaluation. We also focus on channel estimation performance of DMRS in low SNR region without PRB bundling. The applied modulation order and coding rate for evaluation are QPSK and 1/3, respectively. Subcarrier spacing of 60 KHz is assumed in the evaluation. Evaluation assumptions are based on [87-29] email discussion and detailed simulation parameters are given in the Appendix.
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Figure 3 BLER performance of DMRS patterns for NR (30GHz)
As shown in Figure 3, Pattern1 provide robust BLER performance over Pattern2 and Pattern3. Specifically, Pattern1 yields about 1dB SNR gain over Pattern3 and about 0.2dB SNR gain over Pattern 2 in the BLER range of 10-1 and 10-2. 
Observation 2: For 30GHz, much performance gap up to 1dB SNR is observed depending on DMRS pattern design.
Therefore, based on observations above, the following is proposed for NR DMRS pattern.
    Proposal: In NR, robust DMRS performance in low SNR region should be guaranteed. In this aspect, Pattern1 is preferred for NR DMRS.
3 Conclusions
In conclusion, we have following observations and proposals:
Observation 1: For 4GHz, much performance gap up to 2dB SNR is observed depending on DMRS pattern design.

Observation 2: For 30GHz, much performance gap up to 1dB SNR is observed depending on DMRS pattern design.

Proposal: In NR, robust DMRS performance in low SNR region should be guaranteed. In this aspect, Pattern1 is preferred for NR DMRS.
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Appendix: LLS evaluation assumptions
Table 1 Evaluation assumptions for 4 GHz.

	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Number of TXRUs
	TRP = 4, UE = 2

	Transmission layers for data channel
	SU-MIMO with rank=1

	Transmission scheme
	Precoding is based on ideal SVD

	CSI feedback / Beam management scheme
	· For SVD decomposition, CSI feedback is ideal without delay

· For Beam management, the DFT beam directly is pointing to the strongest cluster

	CW to layer mapping
	LTE CW to layer mapping

	Data allocation
	· 10 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel, Error free PDCCH decoding is assumed.

	PRB bundling
	No PRB Bundling

	Modulation order, Coding rate
	QPSK, 1/5

	Channel coding scheme
	LTE turbo coding 

	Link adaptation / HARQ
	No link adaptation and no HARQ 

	Channel estimation
	Real estimation

	Performance metric
	BLER

	UE speed
	3 km/h

	Channel model
	CDL-A with DS value=300ns

	TRP antenna configuration
	The number of antenna: Tx=4 and (M,N,P) = (4,2,2). (dV,dH) = (0.5, 0.5)λ
Per antenna element pattern is in [4]

	UE antenna configuration
	The number of antenna: Rx=2 and (M,N,P)=(1,1,2) with 0.5λ spacing with omni-directional antenna element


Table 2 Evaluation assumptions for 30 GHz.
	Assumptions
	Value

	Carrier frequency
	30GHz

	Duplex
	TDD

	Subcarrier spacing
	60kHz

	Number of TXRUs
	TRP = 2, UE = 2

	Transmission layer for data channel
	SU-MIMO with Rank = 1

	Transmission Scheme
	Precoding is based on ideal SVD

	CSI feedback / Beam management scheme
	· For SVD decomposition, CSI feedback is ideal without delay

· For Beam management, the DFT beam directly is pointing to the strongest cluster

	CW to layer mapping
	LTE CW to layer mapping

	Data Allocation
	8 RBs
First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel, Error free PDCCH decoding is assumed.

	PRB bundling
	No PRB Bundling

	Modulation order, Coding rate
	QPSK (1/3)

	Channel coding scheme
	LTE turbo coding

	Link adaptation / HARQ
	No link adaptation and no HARQ

	Channel estimation
	Real estimation

	Performance Metric
	BLER

	UE speed
	3km/h

	Channel model
	CDL-C with DS value=100ns 

	TRP antenna configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=650, directivity 8dB)

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2,4,2,1,1) ; (dV,dH) = (0.5, 0.5)λ, with directional antenna element (HPBW=900, directivity 5dB)
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