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1 [bookmark: _Ref510730755]Introduction
According to the approved SI in RAN#76 meeting [1], the study on channel model for Non-Terrestrial Networks is initialized in RAN1 with following objectives:
· Channel model: Study the feasibility of adapting the 3GPP channel model for non-terrestrial networks. If needed, identify and study new channel models. (RAN1)
In last RAN1#92 meeting, preliminary discussion on channel model was conducted. In this contribution, more details on large scale channel model based on the results from ray-tracing is provided.
2 Simulation assumption for NTN
A Suburban with height of buildings <=20m is considered as the typical scenarios for simulation as shown in Figure 1. There are 7 layers with different UE heights relative to the ground as shown in Table 2-1-1. Satellite/HAPS in with elevation angles () and 6 different azimuths are considered in simulation. Details for each case are described in Figure 2 and Table 2
[image: ]
[bookmark: _Ref510729861]Figure 1 Suburban scenario for simulation
[image: ][image: ]
 LEO                                 HAPS
[bookmark: _Ref510730339]Figure 2 Distribution of HAPS/Satellite
Table 1 UE distribution
	Layer Number
	1
	2
	3
	4
	5
	6
	7

	UE height(m)
	1.5
	3
	6
	9
	12
	15
	18



[bookmark: _Ref510730348]Table 2 Distribution of Satellite/HAPS with different elevation angles
	LEO: altitude-600km, fc = 2GHz
HAPS: altitude-20km, fc = 2GHz

	Elevation angle  (°)
	Tx Group
	Tx No.

	10
	1
	1   9  17  25  33  41

	20
	2
	2  10  18  26  34  42

	30
	3
	3  11  19  27  35  43

	40
	3
	4  12  20  28  36  44

	50
	4
	5  13  21  29  37  45

	60
	5
	6  14  22  30  38  46

	70
	7
	7  15  23  31  39  47

	80
	8
	8  16  24  32  40  48


3 Large scale channel model
LoS probability model
According to the preliminary results shown in [2], it can be observed that the LoS probability increases along the elevation angle of Tx, i.e., satellite/HAPS. With considering more simulation results as shown in Figure 3, it’s clear that all UE will be in LoS state once the height of UE exceed certain threshold, e.g.,  in aforementioned assumption. More specifically, the following piece-wise function is proposed for describing the LoS probability model for both satellite and HAPS:

Where, the h and  refers to the UE height and elevation angle of Tx, respectively. The detailed parameters of A(h), B(h) and C(h) are listed in Table 3.
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[bookmark: _Ref510731339]Figure 3 LoS probability of UE with different height
[bookmark: _Ref510731849]Table 3 Parameters for LoS probability in case of satellite/HAPS
	Parameters
	Satellite
	HAPS

	
	Aa/Ba/Ca
	Ab/Bb/Cb
	Ac/Bc/Cc
	Aa/Ba/Ca
	Ab/Bb/Cb
	Ac/Bc/Cc

	
	-7.45e-06
	0.000261
	-0.00233
	-8.00e-06
	0.000276
	-0.0024

	
	0.00101
	-0.0364
	0.333
	0.0011
	-0.0378
	0.338

	
	-0.0347
	1.56
	82.5
	-0.0372
	1.61
	82.5



Pathloss model
According to the simulation results, for all the UE in LoS state, due to the limited effects from surrounding scatters around UE, the PL can be well modelled by free space equation. For NLoS UE, the additional PL except for the component calculated based free space equation is illustrated in Figure 4. Generally, this remaining part can be represented by the function of UE height and elevation angle of Tx. The following model is proposed for PL in case both Satellite and HAPS:

Where d is the 3D-distance between Tx and UE, and h is the height of UE.
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[bookmark: _Ref510733173]Figure 4 Remaining PL component in NLoS
Table 4 Parameters for PL model
	Parameters
	Satellite
	HAPS

	
	Aa/Ba/Ca
	Ab/Bb/Cb
	Aa/Ba/Ca
	Ab/Bb/Cb

	
	-0.000267
	0.00956
	-0.000038
	0.0083

	
	0.0275
	-1.005
	0.0031
	-0.926

	
	-1.064
	-27.485
	-0.523
	-22.65



Shadow fading
As shown in Figure 5, in LoS, for the UE served by both Satellite and HAPS, the value of SF varies within the limited range since the effects of building is very sparse in sub-urban case. For simplification, the constant value can be considered for these two case, i.e., SF= 0.12 and 0.17dB for satellite and HAPS, respectively.
For NLoS scenario, the obtained results is illustrated in Figure 6, it can be observed that the SF decreases linearly along with the increasing of elevation angle of Tx. Meanwhile, since the number of valid building is also reduced when the height of UE is enlarged, the decreasing of SF can also be observed.
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[bookmark: _Ref510733707]Figure 5 Statistic results of SF for both Satellite and HAPS in LoS
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[bookmark: _Ref510734127]Figure 6 Statistic results of SF for both Satellite and HAPS in NLoS
According to the above analysis, the following model is proposed for SF: 
,
The detailed parameters can be found in table below:
Table 5 Parameters for SF
	Parameters
	Satellite
	HAPS

	
	Aa/Ba
	Ab/Bb
	Aa/Ba
	Ab/Bb

	NLoS
	
	-0.00983
	-0.0571
	-0.0109
	-0.0550

	
	,0)
	-0.235
	34.715
	-0.0832
	34.419

	LoS
	C
	0.12
	0.17



Proposal 1: Considering following model for LoS probability in NTN simulation:

With the parameter below: 
	Parameters
	Satellite
	HAPS

	
	Aa/Ba/Ca
	Ab/Bb/Cb
	Ac/Bc/Cc
	Aa/Ba/Ca
	Ab/Bb/Cb
	Ac/Bc/Cc

	
	-7.45e-06
	0.000261
	-0.00233
	-8.00e-06
	0.000276
	-0.0024

	
	0.00101
	-0.0364
	0.333
	0.0011
	-0.0378
	0.338

	
	-0.0347
	1.56
	82.5
	-0.0372
	1.61
	82.5



Proposal 2: Considering following model for PL in NTN simulation:

With the parameter below: 
	Parameters
	Satellite
	HAPS

	
	Aa/Ba/Ca
	Ab/Bb/Cb
	Aa/Ba/Ca
	Ab/Bb/Cb

	
	-0.000267
	0.00956
	-0.000038
	0.0083

	
	0.0275
	-1.005
	0.0031
	-0.926

	
	-1.064
	-27.485
	-0.523
	-22.65


Proposal 3: Considering following model for SF in NTN simulation:
,
With the parameter below: 
	Parameters
	Satellite
	HAPS

	
	Aa/Ba
	Ab/Bb
	Aa/Ba
	Ab/Bb

	NLoS
	
	-0.00983
	-0.0571
	-0.0109
	-0.0550

	
	,0)
	-0.235
	34.715
	-0.0832
	34.419

	LoS
	C
	0.12
	0.17


4 Conclusions
In this contribution, the NTN channel modeling in large scale level has been established based on the ray-tracing simulation in suburban. The following models are proposed according to the analysis of simulation results.
Proposal 1: Considering following model for LoS probability in NTN simulation:

With the parameter below: 
	Parameters
	Satellite
	HAPS

	
	Aa/Ba/Ca
	Ab/Bb/Cb
	Ac/Bc/Cc
	Aa/Ba/Ca
	Ab/Bb/Cb
	Ac/Bc/Cc

	
	-7.45e-06
	0.000261
	-0.00233
	-8.00e-06
	0.000276
	-0.0024

	
	0.00101
	-0.0364
	0.333
	0.0011
	-0.0378
	0.338

	
	-0.0347
	1.56
	82.5
	-0.0372
	1.61
	82.5



Proposal 2: Considering following model for PL in NTN simulation:

With the parameter below: 
	Parameters
	Satellite
	HAPS

	
	Aa/Ba/Ca
	Ab/Bb/Cb
	Aa/Ba/Ca
	Ab/Bb/Cb

	
	-0.000267
	0.00956
	-0.000038
	0.0083

	
	0.0275
	-1.005
	0.0031
	-0.926

	
	-1.064
	-27.485
	-0.523
	-22.65


Proposal 3: Considering following model for SF in NTN simulation:
,
With the parameter below: 
	Parameters
	Satellite
	HAPS

	
	Aa/Ba
	Ab/Bb
	Aa/Ba
	Ab/Bb

	NLoS
	
	-0.00983
	-0.0571
	-0.0109
	-0.0550

	
	,0)
	-0.235
	34.715
	-0.0832
	34.419

	LoS
	C
	0.12
	0.17


5 References
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6 Text proposal for large scale fading
It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.
* * * Start of changes * * * *

The large scale channel model for the airborne/spaceborne transmission can be modelled as:
 
Where  refers to propagation loss calculated and  is the additional attenuation due to the atmospheric loss. 
x.x.1 Pathloss -
The parameters for pathloss models for suburban are summarized in Table *.*.1-1 with following equation. The variable d is the 3D distance between satellite/HAPS and UT. h is the height of UT relative to the ground and  is the elevation angle.


Table *.*.1-1 NLOS pathloss parameters in Suburban
	Parameters
	Satellite
	HAPS

	
	Aa/Ba/Ca
	Ab/Bb/Cb
	Aa/Ba/Ca
	Ab/Bb/Cb

	
	-0.000267
	0.00956
	-0.000038
	0.0083

	
	0.0275
	-1.005
	0.0031
	-0.926

	
	-1.064
	-27.485
	-0.523
	-22.65


x.x.2 Shadow fading
The parameters of SF model for suburban is given the provided in Table *.*.2-1
,
Table *.*.2-1 Parameters of SF in Suburban
	Parameters
	Satellite
	HAPS

	
	Aa/Ba
	Ab/Bb
	Aa/Ba
	Ab/Bb

	NLoS
	
	-0.00983
	-0.0571
	-0.0109
	-0.0550

	
	,0)
	-0.235
	34.715
	-0.0832
	34.419

	LoS
	C
	0.12
	0.17



x.x.3 LOS probability
The Line-Of-Sight (LOS) probabilities for suburban are given in Table *.*.3-1


Table *.*.3-1 LOS probability parameters in Suburban
	Parameters
	Satellite
	HAPS

	
	Aa/Ba/Ca
	Ab/Bb/Cb
	Ac/Bc/Cc
	Aa/Ba/Ca
	Ab/Bb/Cb
	Ac/Bc/Cc

	
	-7.45e-06
	0.000261
	-0.00233
	-8.00e-06
	0.000276
	-0.0024

	
	0.00101
	-0.0364
	0.333
	0.0011
	-0.0378
	0.338

	
	-0.0347
	1.56
	82.5
	-0.0372
	1.61
	82.5



x.x.4 Pathloss -
 can be caculated as: 


With the detailed parameters shown below:
· AR ( p) :	attenuation due to rain for a fixed probability (dB), as estimated by Ap in equation (8) in [2]
· AC ( p) :	attenuation due to clouds for a fixed probability (dB), as estimated by [3], and for p<0.1%, AC ( p) = AC (1%)                   
· AG ( p) :	gaseous attenuation due to water vapour and oxygen for a fixed probability (dB), as estimated by [4] and for p<1.0%, AG ( p) = AG (1%).
· AS ( p) :	attenuation due to tropospheric scintillation for a fixed probability (dB), as estimated by equation (49) in [2]
· p is the probability of the attenuation being exceeded in the range 50% to 0.001%.
It should be noticed that  is a function of elevation angle, frequency and latitude/longitude of UE position as well as p.
x.x.5 O2I penetration loss

The O2I building penetration loss is characterized as:

		(*.*-2)




 is an additional loss is added to the external wall loss to account for non-perpendicular incidence; , is the penetration loss of material i, example values of which can be found in Table *.*.5-1;  is proportion of i-th materials, where ; and N is the number of materials.
[bookmark: _Ref445048671][bookmark: _Ref445048576]Table *.*.5-1: Material penetration losses
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	


	IRR glass
	


	Concrete
	


	Wood
	


	Note:	f is in GHz





Table *.*.5-2 gives ,  and σP for two O2I penetration loss models. The O2I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
[bookmark: _Ref445049023]Table *.*.5-2: O2I building penetration loss model
	 
	Path loss through external wall:

 in [dB]
	Indoor loss:

 in [dB]
	Standard deviation:
σP in [dB]

	Low-loss model
	

	
0.5 
	4.4

	High-loss model
	

	
0.5 
	6.5




 is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi-Street Canyon, and between 0 and 10 m for RMa.  shall be UT-specifically generated.
Both low-loss and high-loss models are applicable to UMa and UMi-Street Canyon. 
Only the low-loss model is applicable to RMa. 
The composition of low and high loss is a simulation parameter that should be determined by the user of the channel models, and is dependent on the use of metal-coated glass in buildings and the deployment scenarios. Such use is expected to differ in different markets and regions of the world and also may increase over years to new regulations and energy saving initiatives. Furthermore, the use of such high-loss glass currently appears to be more predominant in commercial buildings than in residential buildings in some regions of the world (see note). 
Note:	One example survey for the US market can be found in [10]. The survey does not necessarily be representative for all the scenarios. Other ratios outside of the survey should not be precluded.
For backwards compatibility with TR 36.873 [9], the following building penetration model should be used for UMa and UMi single-frequency simulations at frequencies below 6 GHz. 
Table *.*.5-3. O2I building penetration loss model for single-frequency simulations <6 GHz
	Parameter
	Value

	[image: ]
	20 dB

	[image: ]
	
0.5 

with  being a single, link-specific, uniformly distributed variable between 0 and 25 m

	[image: ]
	0 dB

	[image: ]
	7 dB (note: replacing the respective value in Table 7.4.1-1 of TR38.901[5])



* * * End of Changes * * * *
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