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1. Introduction
A new Study Item on “Study on NR to support Non-Terrestrial Networks” was approved in RAN#76 meeting [1] with following objective for NR impact.
· For the described deployment scenarios, identity potential key impact areas on the NR. (RAN Plenary)
In this contribution, we shared our views about new radio (NR) impact on time density of demodulation reference signal (DMRS) for NR supporting non-terrestrial network (NTN).
2. Maximum Doppler Shift 
Doppler Shift is the frequency shift of the signal due to the relative motion of the receiver and the transmitter. Its value depends on the relative speed of the receiver and the transmitter as well as the carrier frequency. Doppler Variation corresponds to the variation of Doppler Shift over time. 
Table 1 Maximum Doppler Variation in field test of TR 38.811 [2]
	Field Test Scenarios
	Maximum Doppler Variation (Hz/s)

	Satellite/HAPS
	Terminal
	Carrier Frequency (GHz)
	

	Type
	Altitude (km)
	Type
	Speed (km/h)
	
	

	GEO
	35786
	Terminal on a high-speed train (from Equator to north)
	500
	2
	(DL/UL)
	~ -0.023

	
	
	Terminal on an aircraft (from Equator to north)
	1000
	2
	(DL/UL)
	~ -0.090

	MEO
	10000
	Terminal on an aircraft
	1000
	2
	(DL/UL)
	- 6

	
	
	
	
	20
	(DL)
	-60

	
	
	
	
	30
	(UL)
	-90

	LEO
	1500
	
	
	2
	(DL/UL)
	-180

	
	
	
	
	20
	(DL)
	-1800

	
	
	
	
	30
	(UL)
	-2700

	
	600
	
	
	2
	(DL/UL)
	- 544

	
	
	
	
	20
	(DL)
	-5440

	
	
	
	
	30
	(UL)
	-8160

	HAPS
	20
	A moving car
	100
	2
	(DL/UL)
	~ -0.0025



As shown in Table 1, the maximum Doppler Variation during the field tests appeared in the scenarios of LEO at the altitude of 600 km, and is -544 Hz/s with carrier frequency of 2 GHz, -5.44 kHz/s with carrier frequency of 20Ghz and -8.16 kHz/s with carrier frequency of 30 GHz, where maximum Doppler Variation is the maximum slope (maximum derivative) of the Doppler Shift curves.
Observation 1: The maximum Doppler Variation during the field tests in TR 38.811 appeared in the scenarios of LEO at the altitude of 600 km, and is -544 Hz/s with 2 GHz, -5.44 kHz/s with 20Ghz and -8.16 kHz/s with 30 GHz. 
In NR network, the duration of one slot can be configured to 1ms, 0.5ms, 0.25ms, 0.125ms or 0.0625ms, which correspond to the subcarrier spacing of 15kHz, 30kHz, 60kHz, 120kHz and 240kHz respectively. The potential maximum Doppler Shift in one slot in NTN is provided in Table 2 based on Observation 1.
Table 2 Potential maximum Doppler Shift in one slot in NTN
	Carrier Frequency when the altitude of LEO satellite is 600km
	Maximum Doppler Variation (Hz/s)
	Duration of one slot (ms)
	Potential maximum Doppler Shift in one slot (Hz)

	2 GHz
(DL/UL)
	- 544
	1
	0.544

	
	
	0.5
	0.272

	
	
	0.25
	0.136

	
	
	0.125
	0.068

	
	
	0.0625
	0.034

	20 GHz 
(DL)
	-5440
	1
	5.44

	
	
	0.5
	2.72

	
	
	0.25
	1.36

	
	
	0.125
	0.68

	
	
	0.0625
	0.34

	30 GHz 
(UL)
	-8160
	1
	8.16

	
	
	0.5
	4.08

	
	
	0.25
	2.04

	
	
	0.125
	1.02

	
	
	0.0625
	0.51


 
In the existing LTE network, the frequency error at the UE side shall be within ±0.1 PPM observed over a period of 0.5 ms [5]. In NR network, the frequency error at the UE side shall be within ±0.1 PPM observed over a period of 1 ms for carrier frequency over 6 GHz, and over a period of [TBD] for carrier frequency blow 6 GHz [6]. The frequency error corresponding to 0.1 PPM is 200 Hz with carrier frequency of 2 GHz, 2 kHz with carrier frequency of 20 GHz and 3 kHz with carrier frequency of 30 GHz. Compared to the requested frequency error at the UE side, the maximum Doppler Shift in one slot in LEO scenarios during field test is negligible. This result is also valid for other configuration with higher DMRS density per time slot. Similar conclusion could be observed at the eNB side too [7][8]. So, no specification impact on time density of DMRS for NR supporting NTN. 
Observation 2: Existing DMRS in NR can support Doppler Shift tracking of NTN. 
Proposal: No specification impact on time density of DMRS for NR supporting NTN. 
3. Conclusion
In this contribution, we give our views about specification impact on the time density of DMRS for NR supporting NTN with following observations and proposal.
Observation 1: The maximum Doppler Variation during the field tests in TR 38.811 appeared in the scenarios of LEO at the altitude of 600 km, and is -544 Hz/s with 2 GHz, -5.44 kHz/s with 20Ghz and -8.16 kHz/s with 30 GHz. 
Observation 2: Existing DMRS in NR can support Doppler Shift tracking of NTN. 
Proposal: No specification impact on time density of DMRS for NR supporting NTN.
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