[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN1 Meeting #92	R1-1802802
Athens, Greece, 26th – 2nd March 2018


Source: 	Thales
Title:	NR-NTN: DM-RS positioning in frequency within PDSCH versus coherence bandwidth in GEO and LEO 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
The goal of this paper is to look at frequency density of pilot symbols (called demodulation reference signals, i.e. DM-RS)  as defined in 3GPP Release 15 specifications for PDSCH channel, and compare the radio channel coherence bandwidth needed by this positioning with the frequency selectivity of satellite channels in S and Ka band.

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 * * * *

x. Demodulation: coherence bandwidth
x.1 PBCH
x.2 PDCCH
x.3 PDSCH
From the formula of chapter 7.4.1.3.2 in 38.211 V2.0 shown below, there is one DM-RS symbol in a slot (or 2 in consecutive OFDM symbols of a slot), and resource elements of this DM-RS are scattered over different subcarriers.


 corresponds to the OFDM symbol index in a slot, and  corresponds to the subcarrier index in one OFDM symbol. 
DM-RS could be inserted every four subcarriers in PDSCH (Configuration type 1):[image: ]
Depending on the SCS chosen this will correspond to a different minimum coherence bandwidth:
Table 2: Minimum coherence bandwidth necessary for PDSCH
	SCS (kHz)
	Minimum coherence bandwidth necessary in kHz

	15
	60

	30
	120

	60
	240

	120
	480



In [2], the frequency selectivity of LMS channels for satellite deployments for L band (1.5 GHz)have been studied. This study concludes that the frequency response of the channel is rather flat in open environments. However, it is not the case in constrained environments, especially in the urban case (NLOS conditions) where he evaluates a spectral correlation of about 5MHz.
For the S band (2GHz) which is very close to L band (1.5GHz), the frequency selectivity of the channel is considered similar to the L band. Thus, in LOS conditions, the response of the channel is flat. In NLOS conditions and for the worst conditions (urban environment), the channel is frequency selective and the coherence bandwidth is between 5 and 11MHz in function of the environment.
[image: ]
Figure 1 : CTF for different environments extracted from [2]
Note that this measurements have been done assuming Right-Hand Circularly Polarized (RHCP) antenna on the receiver side.
3 studies have been done by ONERA to characterize the frequency selectivity of the LMS channel in Ka band ([3],[4],[5]). Those studies have been only done for receiver antenna with an efficiency of 65% and a diameter of 48 cm. No pointing error of the reception antenna was taken into account in simulations. In a situation of visibility, the coherence bandwidth has a value higher than calculation limit of 256 MHz of the simulator used. In non-visibility situations, the coherence bandwidth is not important since the attenuation is such (at least 40 dB in the most favorable cases) that it is it which constrains the communication system. Even though, the minimal coherence bandwidth for NLoS simulated is 84MHz.
As a conclusion, for 5G satellite considered scenarios, LMS channels in Ka Band are non-frequency selective (demonstrated for a processed bandwidth of 256MHz).

As a conclusion, for S band and with RHCP antenna on receiver side, the minimal coherence bandwidth (5MHz) is higher than the one that can be handled through DMRS symbols, whatever the SCS chosen. 
And for Ka band, with terminals with dish antenna pointing at the satellite, the minimal coherence bandwidth (>256MHz) is even higher. Satellite channels are flat in frequency compared to terrestrial one, so the repartition of DMRS symbols in frequency defined in 5G eMBB should be sufficient to estimate frequency selectivity of the channel.
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Fig. 6 Channel Transfer Function for different environments
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