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During the March 2017 RAN plenary meeting in Dubrovnik, a new Study Item on NR to support Non-Terrestrial Networks was approved [1]. Non-terrestrial networks (NTNs) refer to networks, or segments of networks, using an airborne or spaceborne vehicle for transmission [1].
· Spaceborne vehicles: Satellites
· LEO satellites
· MEO satellites
· GEO satellites
· HEO satellites
· Airborne vehicles: 
· High Altitude UAS Platforms (HAPS) encompassing Unmanned Aircraft Systems (UAS) including tethered UAS and Lighter than Air UAS (LTA), Heavier than Air UAS (HTA), all operating in altitude typically between 8 and 50 km, quasi-stationary.
Due to the wide variety of non-terrestrial vehicles, several investigations on different radio links are needed. The study item sets an objective for channel model as follows: “Study the feasibility of adapting the 3GPP channel model for non-terrestrial networks. If needed, identify and study new channel models” [1]. This is the study for RAN1. Several contributions on channel models have been submitted to RAN1 already, e.g. [2], [3], [4], [5], [6], [11], [12], [13], [14], [15], [16], [17], [19], but the discussion has been offline only since the actual Study Item has not been started yet. The current status of the NTN TR can be found from [18].
In several contributions, AWGN or flat fading channel is proposed. However, the real propagation channel is dispersed in delay and angular domain due to multipath propagation. This contribution discusses the multipath propagation in satellite/HAPS to UE links and refers to several published results.
This contribution is revised from [35]
General consideration
None of the existing 3GPP channel model covers satellite or airborne links. Therefore, there is a clear need for a new channel model in 3GPP. Obviously, it would be good to reuse existing standards and published results as much as possible.
Figure 1 and Figure 2 compares the macro-cellular and satellite access links in NLOS and LOS cases, respectively. The terrestrial propagation is quite similar: multipath propagation is caused by objects near the user. However, the angular spread from satellite is almost zero (due to its distant location) while it can still be several degrees from the base station. The graphics in Figure 1 and Figure 2 illustrate the difference.
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[bookmark: _Ref492326040]Figure 1. Macro-cellular vs. satellite channel, NLOS.
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[bookmark: _Ref492326042]Figure 2. Macro-cellular vs. satellite channel, LOS.
Proposal 1: The terrestrial multipath propagation caused by local scattering around the UE should be included in the channel model.
Satellite to UE and HAPS to UE propagation
As discussed above, from the UE point of view, there is not much difference in the spatial and excess delay domain between macro-cellular base station to UE and satellite to UE propagation (Figure 1 and Figure 2). The difference between HAPS to UE and satellite to UE propagation should be even smaller than the difference between cellular and satellite case. This is due to the fact that HAPS is already very far from the local scattering environment, and the wave-front can be considered as flat before it reaches the terrestrial objects such as buildings. The differences are delay and signal power, but the multipath propagation around the UE is very similar as can be understood from Figure 3.
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[bookmark: _Ref510635983]Figure 3. HAPS to UE vs. satellite to UE propagation.

Measurements have shown about 200 ns excess delay for Zeppelin (HAPS) to UE link [20]. Number of coexisting echoes during a drive through the city center of Munich with the Zeppelin at 40° elevation varied from 5 to 50. The same book [20] shows the strong dependency of delay spread on the elevation angle, starting from excess delays longer than 1000 ns (5° elevation) to around 300 ns (80° elevation).
Wideband measurements were done for 7.5, 15, 22.5 and 30 degree elevation angles in [21]. The results show 98.1, 54.9, 24.3, and 18.3 ns mean r.m.s. delay spread for the mentioned elevation angles. The 90% percentile values are higher: about 180, 95, 40, and 30 ns. The maximum excess delays were up to 1570 ns.
The review paper [28] defines the flat fading as , where B is the signal bandwidth and  is the r.m.s. delay spread. Thus . Another review paper [24] reports delay spread values from 29 to 63 ns.
Ray Tracing shows the r.m.s. curves for HAPS with 8 km altitude. 90% percentile of r.m.s. delay spread is less than 800 ns and 200 ns for 10 degrees and 30 degrees elevation angles, respectively [25]. Another report on Ray Tracing suggests 160 and 700 ns delay spread for 40 and 10 degrees elevations (LOS), and 260 and 900 ns for 40 and 10 degrees elevation (NLOS), respectively [27]. These numbers are obtained from urban environment. It is assumed that the delay spread in rural environment is shorter.
Propagation for Wideband SIMO Land Mobile Satellite system in a dense urban environment was studied in [28]. The paper suggests from 318 to 920 ns r.m.s. delay spread values for LOS, and 759 to 860 ns for NLOS. The paper shows also reduced delay spread if multiple antennas are used in the receiver.

Satellite to airplane/helicopter propagation
Measurements on the satellite to airplane/helicopter propagation shows the delay spreads of max. 10.1 ns in the case of helicopter (max. excess delay 75 ns) [29]. The delay spread is caused by the helicopter itself.
[30] reports the long excess delay due to the ground reflection in the case of satellite-to-aircraft communication. 

Satellite-to-Indoor Models
Satellite to indoor models have been discussed, e.g. in the following papers: [31], [32], [33], [34]. 
[33] suggests maximum excess delay of about 125 ns, and [31] >100 ns. Maximum excess delay of 125 ns is reported in [34] as well.
The penetration loss is 2 – 20 dB in around 1 GHz [31].

Impact of Atmospheric effects on delay spread
The signal group delay varies from 0.5 to 500 ns due to the charged particles in the ionosphere [9]. However the delay dispersion is inversely proportional to the frequency cubed. At 200 MHz, the delay dispersion is 20 ns, but at 600 MHz only 0.74 ns [9].

Summary of Delay Spread values
Table 1 summarizes the delay spread values from the literature. It also shows the calculated coherence bandwidth  and the maximum bandwidth in which the flat fading assumption is valid . (Coherence bandwidth does guarantee flat fading, there may be quite high variation of signal amplitude within the coherence bandwidth.)
[bookmark: _Ref505863609]Table 1. Summary of delay spread, coherence bandwidth and flat fading bandwidth figures.
	Ref.
	Maximum excess delay [ns]
	r.m.s. delay spread [ns]
	Calculated coherence bandwidth [MHz]
	Max. BW for flat fading assumption .
 [MHz]
	Notes

	[20]
	200 … 1000
	
	
	
	

	[21]
	256 … 1570
	18.3 … 180
	5.55 … 54.6
	0.555 … 5.46
	

	[24]
	
	29 … 63
	15.9 … 34.5
	1.59 … 3.45
	

	[25]
	
	200 … 800
	1.25 … 5.00
	0.125 … 0.500
	

	[27]
	
	160 … 900
	1.11 … 6.25
	0.111 … 0.625
	

	[28]
	
	318 … 920
	1.09 … 3.14
	0.109 … 0.314
	

	[29]
	72
	10.1
	99.0
	9.90
	helicopter self-scattering

	[33], [34]
	
	125
	8.00
	0.80
	

	[31]
	
	100
	10.0
	1.00
	



Conclusion
This contribution summarized several publications on the delay spread and excess delay measurements in satellite to UE links. The results show that the multipath propagation is significant, and the delay spread can be up to 100s of ns. Therefore, the coherence bandwidth may be less than 10 MHz, and the flat fading assumption is not always valid.

Proposal 1: The terrestrial multipath propagation caused by local scattering around the UE should be included in the channel model also in the GEO/LEO cases.
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