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1. Introduction
In the RAN meeting #90-e, the revised WID of “Extending current NR operation to 71GHz” was agreed [1]. One of the objectives is regarding DMRS enhancements:

· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

With the introduction of 480kHz and 960kHz SCSs in the new frequency range for data and control transmission, the performance of Type-1 CDM DMRS pattern and Type-2 CDM DMRS pattern will deteriorate due to the lack of the orthogonality in frequency domain. To enhance the performance, a new DMRS pattern is proposed. This contribution mainly provides the performance evaluation for different DMRS patterns. 
2. Evaluation assumptions 
The detailed simulation assumptions can be found in Table 1. 

Table 1: Simulation assumptions
	Parameters
	Values

	Carrier frequency
	60 GHz

	Bandwidth
	400MHz

	Waveform
	CP-OFDM

	CP configuration
	Normal CP

	Antenna configuration
	(M,N,P,Mg,Ng)=(1,1,2,1,1) @gNB,

(M,N,P,Mg,Ng)=(1,1,2,1,1) @UE

	Channel Model 
	TDL-A with 20ns delay spread

	UE speed
	 3km/h (167Hz at 60GHz)

	SCS
	120kHz, 480kHz, 960KHz

	PDSCH SLIV
	S=2, L=12

	MCS 
	MCS 16 (16QAM)

	Transmission rank
	Rank=2


The evaluated DMRS patterns are shown in Figure 1 ~ Figure 3. 
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Figure 1: Type-1 DMRS pattern
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Figure 2: Type-2 DMRS pattern
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Figure 3: Proposed new DMRS pattern
3. Evaluation results 

The performance comparisons among Type-1 DMRS pattern, Type-2 DMRS pattern and the new DMRS pattern are summarized in Table 2. The following observations can be made from Table 2.
Observation 1: For 960kHz SCS, the proposed new CDM pattern can bring around 2dB performance gain compared to Type-2 CDM pattern, while Type-1 CDM pattern cannot meet the 10% BLER requirement in this case.

Observation 2: For 480kHz SCS, the proposed new CDM pattern can bring around 1dB performance gain compared to Type-1 or Type-2 CDM patterns.

Observation 3: For 120kHz SCS, the proposed new CDM pattern and Type-1 CDM pattern share similar performance, and slightly outperform the performance of Type-2 CDM pattern. 

Observation 4: The proposed new FDM pattern and Type-1 FDM pattern share similar performance, and outperform the performance of Type-2 FDM pattern in all the evaluated cases.
Table 2: Performance comparison for different DMRS patterns at 10% BLER
	
	960kHz
	480kHz
	120kHz

	
	Type-1
	Type-2
	New
	Type-1
	Type-2
	New
	Type-1
	Type-2
	New

	MCS 16
	CDM
	Inf
	20dB
	18.5dB
	17.4dB
	17.4dB
	16.6dB
	18dB
	18.4dB
	18dB

	
	FDM
	17.2dB
	18.5dB
	17.4dB
	16.4dB
	17.1dB
	16.5dB
	17.9dB
	18.3dB
	17.9dB
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(a) CDM pattern                                                                               (b) FDM pattern

Figure 4: DMRS for 960kHz SCS
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 (a) CDM pattern                                                                               (b) FDM pattern

Figure 5: DMRS for 480kHz SCS

[image: image14.png]BLER

= = 120KSCS, type-1 MRS
= = 120 SCS, type:2 DMRS
= ® = 120k 5CS. new DMRS

10

12 14 16
SNRin dB

18

20




         [image: image15.png]BLER

100%

120k SCS, FDM pattern

—— 120k SCS, type 1 DMRS
—8— 120k SCS, type:2 DMRS
—6— 120k SCS. new DMRS

10

12 14 16
SNRin dB

18

20





 (a) CDM pattern                                                                               (b) FDM pattern

Figure 6: DMRS for 120kHz SCS
Based on the above observations, we have the following proposal:
Proposal: Enhancements to DMRS pattern for 480kHz and 960kHz SCSs in the new frequency range should be supported. 
4. Conclusion

This contribution mainly provides the performance evaluation for different DMRS patterns. The following observations and proposal are made. 
Observation 1: For 960kHz SCS, the proposed new CDM pattern can bring around 2dB performance gain compared to Type-2 CDM pattern, while Type-1 CDM pattern cannot meet the 10% BLER requirement in this case.

Observation 2: For 480kHz SCS, the proposed new CDM pattern can bring around 1dB performance gain compared to Type-1 or Type-2 CDM patterns.

Observation 3: For 120kHz SCS, the proposed new CDM pattern and Type-1 CDM pattern share similar performance, and slightly outperform the performance of Type-2 CDM pattern. 

Observation 4: The proposed new FDM pattern and Type-1 FDM pattern share similar performance, and outperform the performance of Type-2 FDM pattern in all the evaluated cases.

Proposal: Enhancements to DMRS pattern for 480kHz and 960kHz SCSs in the new frequency range should be supported. 
5. Reference

	[1]
	RP-202925, “Revised WID:  Extending current NR operation to 71 GHz”, CMCC, RAN#90-e. 


+
+
+
+
+
+
Port #2
Port #0
+
+
+
+
+
+
FDM pattern



+
+
+
+
Port #2
+
+
+
+
Port #0
FDM pattern



Port #2
+
+
+
+
+
+
Port #0
+
+
+
+
+
+
FDM pattern



Port #0
Port #1
+
+
+
+
+
+
+
-
+
-
+
-
CDM pattern



+
+
+
+
+
-
+
-
Port #0
Port #1
CDM pattern



+
+
+
+
+
+
+
-
+
-
+
-
Port #0
Port #1
CDM pattern



DMRS port #0, #1à CDM group 0
DMRS port #2, #3à CDM group 1
DMRS port #4, #5à CDM group 2
PDCCH
DMRS
PDSCH



DMRS port #0, #1à CDM group 0
DMRS port #2, #3à CDM group 1
PDCCH
DMRS
PDSCH



DMRS port #0, #1 à CDM group 0
DMRS port #2, #3 à CDM group 1
PDCCH
DMRS
PDSCH



