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1 Introduction

In RAN1 NR Ad-hoc#1 [1], there was a discussion on PTRS for CP-OFDM and the following were agreed: 
Agreements:
· Study the following for PT-RS, taking overhead and forward compatibility into account

· Details on frequency domain patterns/densities

· How to indicate presence/patterns of PT-RS

· E.g., implicitly indicated based on association with numerology/MCS/number of allocated PRBs/UE category

· E.g., explicit indication by L1/L2/L3 signaling

· Port multiplexing methods

· E.g., non-orthogonal multiplexing within PT-RS ports and with data

· Using PT-RS for CFO/Doppler estimation

· QCL relationship between PT-RS and DM-RS

· Joint transmission of CSI-RS and PT-RS for improving CSI acquisition accuracy

· Others are not precluded
In RAN1#89 [2], PTRS structure was discussed and the following were agreed: 
Agreements:
· For CP-OFDM and the tables on next page, the time-densities (TD) of PTRS include every 4th symbol, every 2nd symbol, and every symbol, while the frequency-densities (FD) of PTRS include occupying one subcarrier (not necessarily in all REs, depending on the time density) in [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB]

· The time density of PTRS is expected to increase with increasing the scheduled MCS (except for those reserved MCSs).

· The frequency density of PTRS is expected to decrease with increasing the scheduled BW (i.e., the number of scheduled RBs)

· FFS: frequency localized mapping

· FFS: The frequency density of PTRS is expected to increase with increasing the scheduled MCS
In LTE, CRS and DMRS can be transmitted via multiple symbols in a subframe and this enables channel estimation using time-domain interpolation. In NR, it was agreed for the gNB to configure additional DMRS on top of front-loaded DMRS depending on the channel condition, e.g., high mobility. In such case, time-domain interpolation is also possible at the expense of larger DMRS overhead. On the other hand, NR supports PTRS (Phase Tracking Reference Signal) to estimate CFO and Doppler as well as to compensate phase noise. 

This contribution provides evaluation results to show whether or not using front-loaded DMRS and PTRS without additional DMRS in a high mobility scenario is feasible to estimate Doppler.

2 Performance Evaluation

Evaluation assumptions
Slot structure shown in Figure 1 is considered where 2nd symbol is used for front-loaded DMRS and remaining 10 symbols (index 2~11) are used for DL data transmissions. It is assumed that PTRS is occupied 23rd subcarrier in every 4-RB at all symbols except for last two symbols which will be used for a GAP and PUCCH transmission.
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Figure 1: Illustration of a slot structure for performance comparison.
For LoS channel, CDL-D with 32ns delay scaling factor and modified CDL-D are considered. Modified CDL-D sets the K factor value to 5dB and uses same delay scaling factor as original CDL-D. Analog beamforming is assumed at both UE and gNB sides. Other evaluation parameters are shown in Appendix.
Evaluation results
Figure 2 compares the TBLER (Transport Block Error Rate) depending on different UE speeds. It is assumed that UE movement direction has random uniform distribution within [0º, 360º]. It is observed from Figure 2(a) that there is TBLER performance loss if the UE speed is higher than 30km/h due to channel estimation performance loss. However, Figure 2(b) shows that using PTRS is helpful to support higher mobility especially when the UE speed is lower than 120km/h.
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(a) Only front loaded DMRS is used for channel estimation
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(b) Both front loaded DMRS and PTRS are used for channel estimation
Figure 2: TBLER performance for different UE speeds.
Observation: TBLER performance can be improved by using front-loaded DMRS and PTRS in high mobility.
3 Conclusion
This contribution have discussed whether or not using front-loaded DMRS and PTRS without additional DMRS in a high mobility scenario is feasible to estimate Doppler and the following was observed.

Observation: TBLER performance can be improved by using front-loaded DMRS and PTRS in high mobility.
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Appendix A
Table 1: Evaluation parameters

	Parameters
	Values

	Channel model
	CDL-B, CDL-D

	Delay scaling factor
	LoS: 32ns, NLoS: 65ns

	PDSCH resources
	Number of RBs: 100 ,  Number of symbols: 10

	Payload size
	880

	Number of code block
	6

	Channel coding
	LDPC, rate = 1/5

	Modulation
	QPSK

	DMRS
	Front-loaded DMRS

	PTRS Density
	FD : one subcarrier in every 4RB, TD: every symbol

	Channel estimation
	MMSE

	FFT size
	2048

	CP length
	144∙TS 

	Antenna Port
	1 Tx – 1 Rx

	Number of antenna element
	Tx : 16 , Rx: 4

	Subcarrier spacing
	60kHz

	Velocity
	3, 10, 30, 60, 120 km/h

	RE mapping
	Time first mapping


Appendix B
Table 2: Parameters for CDL-B channel model
	Clusters

	Cluster
	Normalized delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	
	dB
	º
	º
	º
	º

	1
	0.0000
	0
	9.3
	-173.3
	105.8
	78.9

	2
	0.1072
	-2.2
	9.3
	-173.3
	105.8
	78.9

	3
	0.2155
	-4
	9.3
	-173.3
	105.8
	78.9

	4
	0.2095
	-3.2
	-34.1
	125.5
	115.3
	63.3

	5
	0.2870
	-9.8
	-65.4
	-88.0
	119.3
	59.9

	6
	0.2986
	-1.2
	-11.4
	155.1
	103.2
	67.5

	7
	0.3752
	-3.4
	-11.4
	155.1
	103.2
	67.5

	8
	0.5055
	-5.2
	-11.4
	155.1
	103.2
	67.5

	9
	0.3681
	-7.6
	-67.2
	-89.8
	118.2
	82.6

	10
	0.3697
	-3
	52.5
	132.1
	102.0
	66.3

	11
	0.5700
	-8.9
	-72
	-83.6
	100.4
	61.6

	12
	0.5283
	-9
	74.3
	95.3
	98.3
	58.0

	13
	1.1021
	-4.8
	-52.2
	103.7
	103.4
	78.2

	14
	1.2756
	-5.7
	-50.5
	-87.8
	102.5
	82.0

	15
	1.5474
	-7.5
	61.4
	-92.5
	101.4
	62.4

	16
	1.7842
	-1.9
	30.6
	-139.1
	103.0
	78.0

	17
	2.0169
	-7.6
	-72.5
	-90.6
	100.0
	60.9

	18
	2.8294
	-12.2
	-90.6
	58.6
	115.2
	82.9

	19
	3.0219
	-9.8
	-77.6
	-79.0
	100.5
	60.8

	20
	3.6187
	-11.4
	-82.6
	65.8
	119.6
	57.3

	21
	4.1067
	-14.9
	-103.6
	52.7
	118.7
	59.9

	22
	4.2790
	-9.2
	75.6
	88.7
	117.8
	60.1

	23
	4.7834
	-11.3
	-77.6
	-60.4
	115.7
	62.3

	Per-Cluster Parameters

	Parameter
	cASD
	cASA
	cZSD
	cZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	10
	22
	3
	7
	8


Table 3: Parameters for CDL-D channel model
	Cluster
	Cluster PAS
	Normalized Delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	
	
	dB
	º
	º
	º
	º

	1
	Specular(LOS path)
	0
	-0.2
	0
	-180
	98.5
	81.5

	
	Laplacian
	0
	-13.5
	0
	-180
	98.5
	81.5

	2
	Laplacian
	0.035
	-18.8
	89.2
	89.2
	85.5
	86.9

	3
	Laplacian
	0.612
	-21
	89.2
	89.2
	85.5
	86.9

	4
	Laplacian
	1.363
	-22.8
	89.2
	89.2
	85.5
	86.9

	5
	Laplacian
	1.405
	-17.9
	13
	163
	97.5
	79.4

	6
	Laplacian
	1.804
	-20.1
	13
	163
	97.5
	79.4

	7
	Laplacian
	2.596
	-21.9
	13
	163
	97.5
	79.4

	8
	Laplacian
	1.775
	-22.9
	34.6
	-137
	98.5
	78.2

	9
	Laplacian
	4.042
	-27.8
	-64.5
	74.5
	88.4
	73.6

	10
	Laplacian
	7.937
	-23.6
	-32.9
	127.7
	91.3
	78.3

	11
	Laplacian
	9.424
	-24.8
	52.6
	-119.6
	103.8
	87

	12
	Laplacian
	9.708
	-30.0
	-132.1
	-9.1
	80.3
	70.6

	13
	Laplacian
	12.525
	-27.7
	77.2
	-83.8
	86.5
	72.9

	Per-Cluster Parameters

	Parameter
	cASD
	cASA
	cZSD
	cZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	5
	8
	3
	3
	11
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