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1. Abstract
The objective of this document is to propose a text for the 6th clause of the TR 38.811 “Study on NR to support Non-Terrestrial Networks” to be drafted as part of the study item NR-NTN. The input of this document is based on an ITU-R recommendation for 2 GHz, presenting a tap delay line based wideband model for frequency selective fading.

1. Proposed text for approval
It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.
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* * * Start of changes * * * * 
6.5.4 Link-level evaluations
For link level evaluations of New Radio performance in satellite applications, it is required to define impulse response models for frequency selective fading (wideband channel model). 
ITU-R recommendation [5] defines for the 2 GHz band three parameter sets of wideband models, including LOS and NLOS cases, applicable for an elevation range from 15 to 55° and for urban, suburban and rural environments. 
The model as presented as follows is based on [5] with adaptations for 3GPP. 
Tap delay line model:
This model corresponds to a tapped-delay line structure with a fixed number M of taps with a direct path and M – 1 echoes with tap delays τi and randomly time varying tap amplitudes. Each tap is described by its:
· Complex time varying amplitude √Pi  . gi (t) with variance Pi relative to free space propagation;
· Delay τi relative to the first path;
· Rayleigh amplitude distribution of √Pi . gi (t) (with i > 1);
· Doppler spectrum. 
Doppler spectra:
With respect to the LOS and NLOS situations of the direct component and the Rayleigh amplitude distribution of the delayed components two types of Doppler spectra were chosen. The power spectrum of gi(t) with i > 0 is called the Doppler spectrum and is modelled by:
· Classic Doppler power density spectrum:
· 
· Vmax is related to the speed V of the mobile terminal: vmax = V / λ, where V is the velocity of the mobile and λ is the wavelength at the carrier frequency. 
· Different values of V according to UE mobility should be targeted.
· In the satellite environment, there is a gross shift νsat in the carrier frequency due to the relative motion of the satellite relative to the Earth’s surface and the mobile terminal. This gross Doppler shift in the carrier is a function of the satellite orbital velocity Vorbital and its position relative to the mobile and λ is the wave length of the carrier frequency: 
νsat = Vorbital / λ
· The satellite orbital velocity is a function of the orbital elevation. Some satellite radio transmission technologies can compensate for gross Doppler shift. If there is any residual Doppler shift experienced by the receiver, this must be included in the link level simulation. 
· Rice: classical Doppler power density spectrum plus discrete spectral line:
· 
K is the Rice factor in linear value.
[bookmark: _GoBack]Replacement of the classical Doppler spectrum with Jakes spectrum as described above by more appropriate ones for satellite LMS channel like rectangular type of spectrum is to be considered.

Wideband model parameters:
Both LOS and NLOS cases are included in these tables. LOS cases of channel models A, B and C correspond to the cases of Rician factor 10, 7 and 3 dB of the narrow band model, respectively, and the NLOS cases correspond to the case of Rician factor –∞.
The impact of these additional taps may be insignificant depending on the bandwidth of the Radio Transmission Technology and the available carrier-to-noise ratio over the satellite link.
Table 1: Channel model A (10% delay spread values)
	Tap number
	Relative tap delay value [ns]
	Tap amplitude distribution
	Average amplitude with respect to free space propagation [dB]
	Rice factor [dB]
	Doppler spectrum

	1
	0
	LOS: Rice
NLOS: Rayleigh
	0.0
-7.3
	10
-
	Rice
classic

	2
	100
	Rayleigh
	-23.6
	-
	Classic

	3
	180
	Rayleigh
	-28.1
	-
	Classic



Table 2: Channel model B (50% delay spread values)
	Tap number
	Relative tap delay value [ns]
	Tap amplitude distribution
	Average amplitude with respect to free space propagation [dB]
	Rice factor [dB]
	Doppler spectrum

	1
	0
	LOS: Rice
NLOS: Rayleigh
	0.0
-9.5
	7
-
	Rice
classic

	2
	100
	Rayleigh
	-24.1
	-
	Classic

	3
	250
	Rayleigh
	-25.1
	-
	Classic



Table 3: Channel model C (90% delay spread values)
	Tap number
	Relative tap delay value [ns]
	Tap amplitude distribution
	Average amplitude with respect to free space propagation [dB]
	Rice factor [dB]
	Doppler spectrum

	1
	0
	LOS: Rice
NLOS: Rayleigh
	0.0
-12.1
	3
-
	Rice
classic

	2
	60
	Rayleigh
	-17.0
	-
	Classic

	3
	100
	Rayleigh
	-18.3
	-
	Classic

	4
	130
	Rayleigh
	-19.1
	-
	Classic

	5
	250
	Rayleigh
	-22.1
	-
	Classic



For higher elevations than 55°, we assume that the delay spread of the satellite channel will be in general  be lower than stated in the tables 1 to 3 for the respective share of delay spread values. Reason for this  is the shorter traveling distances of the echoes arriving at a receiver.
The ITU-R recommendation [5] does not provide any information about the angle of arrival for the taps. 
In the text proposal for section 6.5.3 “Fast fading model”, the coherence bandwidth is reported to be between 7 and 11 MHz. For link level evaluations of NR in S-Band and for higher bandwidth than the mentioned coherence bandwidth, it is proposed to use channel model C, because it is covering most of the delay spread values. Too optimistic assumptions should be avoided for NR evaluations over satellite, so the parameters of model type C with higher delay spread (250 ns), the lower Rician factor of 3 dB with higher fluctuations of the signal power, and the higher relative power of 2nd to 5th taps are preferred against model A and B. 
For Ka-Band, no TDL channel model is proposed, but only flat fading is assumed below a maximum RF bandwidth, which is in most cases above 100 MHz (see text proposals for chapter 6.5.3 for fast fading) for motorway, railway and rural environments.  

* * * End of Changes * * * *
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