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[bookmark: _Ref298777854]Introduction
The objective of this document is to propose a modification of §6.5.4 “System-level evaluations” for the document TR 38.811 “Study on New Radio (NR) to support Non Terrestrial Networks”.
Discussion
Recall of the Study item objectives
The intent is to study the channel models (propagation conditions, mobility); define the deployment scenarios as well as the related system parameters, and identify any key impact areas that may need further evaluations.
The objectives for this study item are the following:
· Channel model: Study the feasibility of adapting the 3GPP channel model for non-terrestrial networks. If needed, identify and study new channel models (RAN1)
· Provide detailed description of deployment scenarios for non-terrestrial networks and the related system parameters such as architecture, altitude, orbit etc… (RAN Plenary)
· For the described deployment scenarios, identity potential key impact areas on the NR (RAN Plenary)

Abbreviations
	ITU
	International Telecommunication Union

	LMS
	Land Mobile Satellite

	LOS  
	Line Of Sight

	NLOS
	Non Line Of Sight

	UE

	User Equipment
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Proposed text for approval
We propose to add the following text to the chapter §6.5.4 “System-level evaluations”.
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System-level evaluations
Description of environments 
In general, typical environments encountered by UEs may be divided into five classes:
· Rural wooded environment: the propagation is mainly affected by the vegetation and natural obstacles such as mountains. 
· Urban environment: the propagation is mostly affected by dense buildings or other human made constructions with height of 4 floors or more. 
· Suburban environment: representing an intermediate case with medium density of buildings, lower structures (2 to 3 floors) and roads which are wider than in an urban environment. 
· Residential environment: Areas with low density population, in a quite open environment.
· Indoor environment: radiowave propagation is mostly affected by high building penetration losses and dense multipath conditions. The coverage is typically provided by indoor cells and satellite is left apart as having lower link margin compared to terrestrial systems.

[bookmark: _GoBack]Distribution of Ricean K-factors and powers for UEs in S band
Using the ITU two states LMS channel model described in [1], for different elevations (20, 30, 45, 60 and 70°) and environments (residential, suburban, urban, rural wooded), we obtained the following figures in S band for the distribution of Ricean K-factors and power: 
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Figure 1 : Residential environment – S band
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Figure 2 : Suburban environment – S band
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Figure 3 : Wooded environment – S band
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Figure 4 : Urban environment – S band

Table 1: Mean Ricean K-factor (dB) for S band
	Environment/Elevation
	20°
	30°
	45°
	60°
	70°

	Residential
	11.11
	13.58
	16.69
	19.05
	21.22

	Suburban
	6.91
	12.36
	16.88
	17.73
	18.07

	Wooded
	8.71
	10.17
	14.20
	14.43
	16.65

	Urban
	4.89
	8.52
	11.55
	14.72
	18.07



We can first note that higher is the elevation, higher is the mean Ricean K-factor. Highest is the Ricean K-factor, more the channel has a strong LOS component.
The Residential environment seems to be the more favourable environment, with a mean Ricean K-factor between 11 and 21dB. The Urban environment seems to be the less favourable environment, with a mean Ricean K-factor between 5 and 18dB. Suburban and wooded environments have intermediate values for mean Ricean K-factor.
Table 2: Mean power (dB) for S band
	Environment/Elevation
	20°
	30°
	45°
	60°
	70°

	Residential
	-0.74
	-1.53
	-0.85
	-0.98
	-0.56

	Suburban
	-4.81
	-1.71
	-1.08
	-0.88
	-1.34

	Wooded
	-2.40
	-2.58
	-1.93
	-1.49
	-0.97

	Urban
	-7.02
	-4.65
	-2.90
	-1.88
	-1.34



We can first note that, most of the time, higher is the elevation, higher is the mean power. Highest is the power, better is the link budget.
We can confirm that the Residential environment is the more favourable environment, with a mean power between -1.5 and -0.5dB. We can also confirm that the Urban environment is the less favourable environment, with a mean power between -7 and -1.3dB. Suburban and wooded environments have intermediate values for mean power.

Distribution of Ricean K-factors and powers for UEs in Ka band
Using the ITU two states LMS channel model described in [1], for a given elevation (34°) and two environments, we obtained the following figures in Ka band for the distribution of Ricean K-factors :
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Figure 5 : Suburban and rural environments – Ka band

Table 3: Mean Ricean K-factor (dB) for Ka band
	Environment/Elevation
	34°

	Suburban
	33.8

	Rural (wooded)
	34



Table 4: Mean power (dB) for Ka band
	Environment/Elevation
	34°

	Suburban
	-1.5

	Rural (wooded)
	-3.8



We can note that the mean Ricean K-factor is very high for suburban and rural environments in Ka band, because of the directive antennas of UEs.

Nevertheless, looking at the time series generated according to [1], the instantaneous power can be very low, until -40dB. Indeed, the Ka band channel is characterized by an alternation between a nearly AWGN channel and deep fading, as we can observe in Figure 6.
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Figure 6: Overview of rural environment in Ka band

1. Conclusion
We present, for different elevations and environments, in S and Ka bands, the distributions of Ricean K-factors and powers obtained using the ITU two states LMS channel model [1].
We can note that the distributions presented in this document may be used to have a better knowledge of the differences between the environments for a given band and a given elevation, and also to validate an implementation of the ITU two states LMS channel model.
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cumulative distribution function of suburban environment rice factor, f = 2 GHz
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cumulative distribution function of suburban environment channel power, f = 2 GHz
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cumulative distribution function of wooded environment rice factor,
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cumulative distribution function of wooded environment channel power, f = 2 GHz
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cumulative distribution function of urban environment rice factor, f = 2 GHz
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cumulative distribution function of suburban and rural environment rice factor, f = 20 GHz
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cumulative distribution function of suburban and rural environment channel power, f = 20 GHz
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overview of rural environment channel power according to travelled distance, f = 20 GHz
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