[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN1 Meeting #92	R1-1802801
Athens, Greece, 26th – 2nd March 2018

Source: 	Thales
Title:	NR-NTN: DM-RS time position versus frequency drift in NTN deployment scenarios
TDOC Type:	Discussion
Agenda Item:	7.3.2
Document for:	Discussion
Release:	Rel-15
Specification: 	38.811 (SID = sFS_NR_nonterr_nw)

Abstract
5G demodulation is based on channel estimation done through pilot symbols (called demodulation reference signals, i.e. DM-RS) inserted in frequency domain and time domain within the data stream.
The way pilot symbols are multiplexed into the data stream affects the system performance for time-varying channels. For 5G eMBB, DM-RS positioning has been fixed in Release 15. The goal of this paper is to look at time density of DM-RS as defined in 3GPP Release 15 specifications, and evaluate if this positioning is sufficient to track the time modification of the channel in the various deployment scenarios.


Proposed text for Approval
It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.


* * * Start of changes * * * * (new text)
7.3.5.3.3 Demodulation: coherence in time 
If for geostationary and HAPS deployment scenarios, it is not expected to have radio channel characteristics with a time coherence higher than the one obtained with terrestrial deployments, for LEO deployments, due to the speed of the satellite on its orbit, a high Doppler variation rate in time is foreseen.
The basic DMRS pattern is front loaded, as the DMRS design takes into account the early decoding requirement to support low-latency applications. Front loaded does not mean beginning of the slot, as DM-RS is positioned after the PDCCH OFDM symbols, meaning that DM-RS is located in 3rd or 4th OFDM symbols in a slot. 
For this analysis, what matters is the occurrence in time of the DM-RS, and in the basic DM-RS pattern, there is only one DM-RS per slot.
[image: http://www.sharetechnote.com/html/5G/image/NR_Numerology_SlotLength_38_211_v2_0_0_01.png]
Figure 1: slot duration depending on µ configuration
The DM-RS occurrence in time changes with numerology used. 
As there will be at least one DM-RS per slot, and given the Nyquist’s sampling theorem, the frequency error that could be handled is:

Where Tmin is the slot duration (corresponding also to the duration between two DM-RS symbols).
SCS chosen will have an impact on the maximum frequency drift that can be tracked:
Table 1: Minimum frequency drift tracking per second
	SCS (kHz)
	Tmin (millisecond)
	Fmax

	15
	1
	500 Hz

	30
	0.5
	1 kHz

	60
	0.25
	2 kHz

	120
	0.125
	4 kHz



For each band we should use the highest SCS available to fight Doppler and phase noise issue.
So for S band, SCS chosen will be 30 or 60 KHz (60 KHz has not been yet validated for below 6 GHz bands), and for Ka band, we should use 120 KHz SCS.
[bookmark: _GoBack]In connected mode, the Doppler variation rate for LEO is up to:
· 500 Hz/s in S band
· 5.44 kHz/s in DL and 8.16 kHz/s in UL in Ka band
For S band, looking at table above, 1 kHz frequency drift can be tracked with minimal DM-RS occurrence (one per slot).
For Ka band, with SCS of 120 kHz, 4 kHz frequency drift can be tracked, whereas the requirement is set at 5.44 kHz. 
However in 5G, for high-speed scenarios, the time density of DMRS can be increased to track fast changes in the radio channel. For Ka band, to match the 5.44 kHz requirements, 2 DM-RS need to be distributed in one slot (e.g. in 3rd OFDM symbol and 12th OFDM symbol, where the slot contains 14 OFDM symbols). In that case, the maximum time distance between 2 DM-RS is 9 OFDM symbols.
 In that case, in Ka band with 120 kHz SCS, Tmin is equal to 0.08 ms, and so 6.2 kHz can be tracked and should be sufficient to handle the requirement of 5.44 kHz.
As a conclusion, no modification of the standard is needed for DM-RS positioning in time in NTN deployment scenarios. 
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