Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 Meeting #92	                                     R1-1801829
Athens, Greece, February 26th –March 2nd, 2018

Source:	ZTE, Sanechips
Title:	Discussion on the channel model for NTN
Agenda Item:	7.3.1
Document for: 	 Discussion and Decision
1 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)
Our views on channel models and evaluation assumption for airborne/space borne system are provided in this contribution.
2 Discussion on the large scale channel modelling
For the deployment of commercial satellite network, the frequency band from 1~40 GHz (including the L, S, C and Ka) are frequently considered. In order to evaluate the performance of realistic NTN, the channel characteristics should be investigated at least in the aforementioned frequency range.
Additionally, comparing with the propagation channel designed for existing terrestrial network, the transmitted signal will experience more server attenuation/distortion due to significant influence from atmospheric, e.g., gaseous attenuation caused by absorption rain/water pour attenuation and faraday rotation due to the ionospheric effect. 
Meanwhile, for the small scale properties, the number of multiple will be mainly determined by the scatter around the receiver since no local scatter exist at BS side. The Doppler shift and variation, which are time-varying, should be calculated based on joint consideration of the movement of both BS and UE. More specific, since the influence of atmospheric and movement of BS mainly rely on the elevation angle of airborne/spaceborne node, the corresponding effects should be considered in channel model establishment. 
Based on the above consideration, the methodology for constructing NTN channel model in both large and small scale are provided in this section.
Proposal 1: NTN channel model(s) shall supports the frequency bands over 1~40GHz.
· Pathloss model
In the typical scenario as shown in Figure 1, the experienced channel of transmitted signal can be general divided into two parts, i.e., free space and terrestrial-alike transmission considering the distribution of scatter in the real environment and mechanism which has impacts on the signal fading.
[image: ]
[bookmark: _Ref506237282]Figure 1 Illustration of typical transmission from spaceborne node
It’s obvious that in the first part transmission, the experienced channel can be modelled as free space by considering the additional influence of atmosphere mentioned above. In the second part, the contribution of local scatter, namely the objects around the UE play an important roles, which may lead to the fluctuation of signal strength with different slope and Shadow Fading. Moreover, from geometric perspective, the transmission in the second part highly depends on elevation angle of ray. For example, if the elevation angle of incident ray is zero, there will be not reflected ray can be observed from the ground.  
Then, the large scale channel model for the airborne/spaceborne transmission can be modelled as:
, 
Here,  refers to propagation loss calculated and  is the additional attenuation due to the atmospheric effect. 

More specially, the can be calculated as: 
 ,
Here, (X, Y, Z) refers to coefficients fitted based on the data obtained via simulation or measurement for different scenarios and  is the 3D-distance between the BS and reference point illustrated in Figure 1. Furthermore, considering the influence of elevation angle () mentioned before, the slope of PL in terrestrial-alike transmission can be modeled as function of elevation angle in different scenarios as well as , where hue is the height of UT relative to ground.

Besides, according to the results shown in [4], the  can be approximated 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 band and latitude/longitude of UE position as well as p.


Proposal 2: For modeling the large scale fading, the influence of atmosphere should be considered, which can be calculated as.
Proposal 3: The following methodology to calculating the PL should be considered:
 ,
Proposal 4: The following methodology to calculate the SF should be considered:
.
3 [bookmark: _Ref506276040]Discussion on the small scale channel modelling
As mentioned above, the small scale characteristics mainly depends on the local scatter around BS/UE. For investigating the detailed distribution of each parameters, the simulation based on ray tracing platform has been conducted in the scenario shown in Figure 2. Six satellites are located around the suburban zone as shown in Figure 3 for each elevation angle chosen from [10°, 20°, 30°, 40°, 50°, 60°, 70°, 80°] operating at the frequency with 2 and 20 GHz, respectively.

  [image: ]
[bookmark: _Ref506241527]Figure 2 3D-veiw of simulated area in sub-urban
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[bookmark: _Ref506241617]Figure 3 Distribution of satellites around the suburban zone for each elevation angle
Based on the obtained results, the characteristic LoS probability, delay and angular spreads are studied.
· LOS/NLOS state
As the results listed in Table 1, it can be observed that LoS probability is varying along the changes of elevation angle of the BS. It’s reasonable since in the real propagation, the LoS probability is related geometric relationship between the BS/UE and the layout of around environment, which is varying due to mobility of BS in NTN. More specially, since the LoS probability is purely geometric-determined, which is applicable for all the frequency.
[bookmark: _Ref506242063]Table 1 LoS probability in suburban
	Elevation(degree)
	LOS PROB.

	10.00
	0.86

	20.00
	0.92

	30.00
	0.93

	40.00
	0.93

	50.00
	0.94

	60.00
	0.95

	70.00
	0.95

	80.00
	0.95



Observation 1: LOS probability increase along with the increase of elevation angle.
· Distribution of number of rays and delay spread
For investigating the frequency-selective channel for NTN, the average number ray observed from the simulation results and corresponding delay spreads are shown in Figure 4 and Table 2. It can be observed in most of cases, more than one rays can be detected in the propagation, and the range of coherent bandwidth in LoS case, which can be calculated by , is can be less than 3.5 MHz and 6 MHz for the system operation at 2GHz and 20 GHz, respectively. It means that the frequency selectivity can still be observed even for the system with limited bandwidth. The two-stage model by assuming the flat channel in frequency domain may not be over simplified in this case. And the Ray-tracing based deterministic model or WINNER-structure based statistic model [5] should be considered. For example, the detailed statistics, e.g., angular spread and K-factor are listed in Table A-1 and Table A-2 in Appendix A. It can be observed that the angular spread of departure including ASD and ZSD is very small, which is reasonable since no local scatter exists around airborne/spaceborne BS. For simplification, all the rays generated in channel realization can share the same AoD and ZoD, which corresponds to angle of direct linkage between BS and UE.
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[bookmark: _Ref506243069]Figure 4 Average Ray number
[bookmark: _Ref506243077][bookmark: _Ref506243074]Table 2 RMS Delay spread in suburban
	Freq
(GHz)
	Elevation
(degree)
	LoS
	NLoS

	
	
	μ:lg(DS)
	σ: lg(DS)
	μ: lg(DS)
	σ: lg(DS)

	2.00
	10.00
	-8.33
	1.14
	-8.54
	1.98

	2.00
	20.00
	-8.64
	0.98
	-9.11
	2.03

	2.00
	30.00
	-8.97
	1.33
	-9.15
	1.77

	2.00
	40.00
	-8.95
	1.54
	-9.44
	1.84

	2.00
	50.00
	-8.73
	0.96
	-9.36
	1.72

	2.00
	60.00
	-8.57
	0.95
	-9.56
	1.67

	2.00
	70.00
	-8.50
	1.00
	-9.46
	1.61

	2.00
	80.00
	-8.26
	0.39
	-8.98
	1.37

	20.00
	10.00
	-8.60
	1.01
	-8.60
	1.94

	20.00
	20.00
	-8.90
	0.80
	-9.15
	1.97

	20.00
	30.00
	-9.33
	1.20
	-9.20
	1.70

	20.00
	40.00
	-9.32
	1.44
	-9.51
	1.77

	20.00
	50.00
	-9.09
	0.84
	-9.38
	1.67

	20.00
	60.00
	-8.89
	0.87
	-9.56
	1.62

	20.00
	70.00
	-8.80
	0.95
	-9.47
	1.58

	20.00
	80.00
	-8.49
	0.29
	-8.95
	1.32



Observation 2: The frequency selectivity can be still observed for the NTN channel with limited rays.
Proposal 5: The channel model in both deterministic way and statistic way with WINNER structure should be considered for characterizing the small scale properties.
· Additional consideration on NTN channel model
As the results shown in Figure 5, it’s can be found that for the transmission based on spaceborne/airborne node, especially LEO satellites moving with high velocity and pre-defined trajectory, the channel characteristics, e.g., Doppler shift, is changed in a time-varying way, which should be captured in the channel model for evaluation. Moreover, as mentioned above, the depolarization effects due to the ionosphere has significant impacts on the received signal strength for each polarization, which cannot be sufficiently reflected by traditional XPR since only the depolarization phenomenon caused by e.g., scattering, diffraction are modelled in statistical way. 
According to the analysis above, the following additional components should be considered in NTN channel mode.
[image: ]
[bookmark: _Ref506273749]Figure 5 Doppler shift/Doppler shift variance, absolute delay and elevation angle
· Time varying Doppler shift
The Doppler shift generally depends on the time evolution of the channel as the joint results due to the movement of Tx and Rx, or scatterer movement. As mentioned above, the movement of BS and UE are time-varying, especially in the spaceborne case. Then, the more general form to describe the phase rotation due to the Doppler can be calculated as:

	.










Here,  is the normalized vector that points into the direction of the incoming wave as seen from the Rx at time .  denotes the velocity vector of the Rx at time . is the normalized vector that points into the direction of the outgoing wave as seen from the Tx at time . denotes the velocity vector of the Tx at time . While  denotes a reference point in time that defines the initial phase, e.g. .
Proposal 6: The time varying Doppler with the consideration on movement of both BS and UE should be supported.
· Faraday rotation


As discussed above, the rotation of the polarization due to the interaction of the electromagnetic wave with the ionized medium in the Earth’s magnetic field along the path should be considered. According to the analysis in [2], a simplified approach to model it can be as , where  is the faraday rotation in degree and f is the carrier frequency in GHz over 1GHz to 51.4GHz.

Proposal 7: The depolarization caused by the ionosphere should be considered by simplified solution as:.
Proposal 8: Capturing the proposed TP in Appendix B for generalizing the channel realization based on WINNER-structure.
4 Discussion on the channel model for link level simulation
As a simplified way for performance evaluation, the link level channel model, e.g., TDL and CDL, is frequently used with the pre-defined channel characteristics, e.g., number of path with fixed delay and Doppler spectrum. Comparing with the propagation model for terrestrial NTN, as discussed above, the channel characteristics are varying with elevation angle of airborne/spaceborne BS. For enabling the simulation with different elevation angle, more set of simplified model should be provided. Meanwhile, since various antenna pattern and UE orientation should be considered in the simulation, the link level model within angular information is more suitable. Furthermore, the approach to convert the CDL to TDL model via introducing the so-called spatial filter can be easily applied [5].  
[bookmark: _GoBack]Additional, since it’s difficult to obtain the channel samples from measurement, the results based on ray-tracing simulation in the typical scenarios for NTN, i.e., suburban shown in Figure 2, can be used to derive the CDL/TDL model as the examples with assuming the dynamic range equating 30 dB listed in Table 3 and Table 4. It can be observed that number of ray changing along the increasing of elevation.
[bookmark: _Ref506369414]Table 3 CDL model for NTN within different elevation at 2 GHz
	[bookmark: _Ref506369415]Elevation
	PathID
	Delay (ns)
	Normalized Power (dB) 
	AoD (°)
	AoA(°)
	ZoA(°)
	ZoD(°)

	10
	1
	0.0 
	0.0 
	180.0 
	-0.5 
	9.6 
	-10.0 

	
	2
	1.7 
	-7.4 
	180.0 
	-0.5 
	-9.7 
	-10.0 

	
	3
	4.6 
	-32.5 
	180.0 
	-2.0 
	4.1 
	-10.0 

	
	4
	185.7 
	-25.2 
	180.0 
	46.4 
	2.5 
	-10.0 

	
	5
	372.3 
	-25.1 
	180.0 
	171.4 
	9.4 
	-10.0 

	
	6
	376.1 
	-30.7 
	180.0 
	166.9 
	9.4 
	-10.0 

	
	7
	420.4 
	-20.6 
	180.0 
	-174.1 
	3.1 
	-10.0 

	20
	1
	0.0 
	0.0 
	180.0 
	-0.2 
	19.7 
	-20.0 

	
	2
	3.4 
	-19.0 
	180.0 
	-0.2 
	-19.7 
	-20.0 

	
	3
	409.1 
	-29.1 
	180.0 
	-174.4 
	3.1 
	-20.0 

	
	4
	34.0 
	-52.3 
	180.0 
	-6.4 
	3.7 
	-20.0 

	30
	1
	0.0 
	0.0 
	180.0 
	-0.1 
	29.8 
	-30.0 

	
	2
	5.0 
	-33.1 
	180.0 
	-0.1 
	-29.8 
	-30.0 

	
	3
	391.7 
	-33.5 
	180.0 
	-174.7 
	3.1 
	-30.0 

	40
	1
	0.0 
	0.0 
	180.0 
	-0.1 
	39.8 
	-40.0 

	
	2
	6.4 
	-31.3 
	180.0 
	-0.1 
	-39.9 
	-40.0 

	
	3
	368.8 
	-34.1 
	180.0 
	-175.1 
	3.1 
	-40.0 

	50
	1
	0.0 
	0.0 
	180.0 
	0.0 
	49.9 
	-50.0 

	
	2
	7.6 
	-28.4 
	180.0 
	0.0 
	-49.9 
	-50.0 

	
	3
	276.8 
	-31.0 
	180.0 
	-161.7 
	1.6 
	-50.0 

	60
	1
	0.0 
	0.0 
	180.0 
	0.0 
	60.0 
	-60.0 

	70
	1
	0.0 
	0.0 
	180.0 
	0.0 
	70.0 
	-70.0 

	
	2
	9.5 
	-12.8 
	180.0 
	0.0 
	-70.0 
	-70.0 

	80
	1
	0.0 
	0.0 
	180.0 
	0.0 
	80.0 
	-80.0 

	
	2
	10.2 
	-10.6 
	180.0 
	0.0 
	-80.5 
	-80.0 


[bookmark: _Ref506378243]Table 4 CDL model for NTN within different elevation at 20 GHz
	Elevation
	PathID
	Delay (ns)
	Normalized Power (dB) 
	AoD (°)
	AoA(°)
	ZoA(°)
	ZoD(°)

	10
	1
	0.0 
	0.0 
	180.0 
	-0.5 
	9.6 
	-10.0 

	
	2
	1.7 
	-7.4 
	180.0 
	-0.5 
	-9.7 
	-10.0 

	
	3
	420.4 
	-30.5 
	180.0 
	-174.1 
	3.1 
	-10.0 

	20
	1
	0.0 
	0.0 
	180.0 
	-0.2 
	19.7 
	-20.0 

	
	2
	3.4 
	-19.0 
	180.0 
	-0.2 
	-19.7 
	-20.0 

	30
	1
	0.0 
	0.0 
	180.0 
	-0.1 
	29.8 
	-30.0 

	
	2
	5.0 
	-34.7 
	180.0 
	-0.1 
	-29.8 
	-30.0 

	40
	1
	0.0 
	0.0 
	180.0 
	-0.1 
	39.8 
	-40.0 

	
	2
	6.4 
	-31.5 
	180.0 
	-0.1 
	-39.9 
	-40.0 

	50
	1
	0.0 
	0.0 
	180.0 
	0.0 
	49.9 
	-50.0 

	
	2
	7.6 
	-28.4 
	180.0 
	0.0 
	-49.9 
	-50.0 

	60
	1
	0.0 
	0.0 
	180.0 
	0.0 
	60.0 
	-60.0 

	70
	1
	0.0 
	0.0 
	180.0 
	0.0 
	70.0 
	-70.0 

	
	2
	9.5 
	-12.8 
	180.0 
	0.0 
	-70.0 
	-70.0 

	80
	1
	0.0 
	0.0 
	180.0 
	0.0 
	80.0 
	-80.0 

	
	2
	10.2 
	-10.6 
	180.0 
	0.0 
	-80.5 
	-80.0 



The classical Doppler spectrum (Suzuki or Jakes) is mainly used for terrestrial simulation with the assumption that the scatter is uniformly distributed around the UE. However, as proved in [6][7], the Gaussian Doppler spectrum is more accurate for the aeronautical channel which is defined as:

 
Where fc is 3dB cut-off frequency.
Based on the analysis on small scale channel model, the corresponding procedures for generating the channel realization based on current channel [5] is proposed in Appendix B with some updates.
Proposal 9: The approach with introducing the spatial filter can be used to construct the TDL model from CDL model with angular information.
Proposal 10: The simulation results based on Ray-Tracing as listed in Table 3 and Table 4 can be as the baseline for constructing the CDL/TDL mode. 
Proposal 11: The Gaussian Doppler spectrum should be considered in the link level simulation for NTN.

5 Discussion on the evaluation for the NTN
· Evaluation Scenarios for NTN
Considering the characteristic of airborne or spaceborne system, e.g., large coverage, comparing with the typical scenarios for terrestrial network, more use cases as shown in Figure 6 can be supported by airborne or spaceborne system due to the large coverage, which should also be considered in the evaluation case. 
[image: ]
[bookmark: _Ref506232911]Figure 6 Typical scenarios of NTN
Proposal 12: The additional scenario, i.e., high speed, airplane and Cargo ship should be considered for the evaluation.
· Coordinate system
For easily modelling the relative moment among airborne/spaceborne BS and UE, the coordinate system camped on earth shall be used for NTN simulation. More specially, as a non-inertial system, the location of UE or a satellite is described by Cartesian coordinates. The coordinates’ origin O lies in the center of the earth, x-y plane locates in the equator plane with x-axis pointing to 0 degree longitude, y axis pointing to 90 degree longitude, and z-axis pointing to geographical north pole from the origin O.
It is should be noticed that the coordinated defined above is not inertial system, the additional transform of orbit or velocity of satellite which is calculated based on the Kepler laws should be considered within the coordination system mentioned above. Meanwhile, the information longitude and latitude is required for calculating atmosphere loss. 
Proposal 13: The non-inertial coordination system should be considered for simulation.
· Antenna model
For the airborne/spaceborne BS, the following two antenna types can be considered:
1. dish reflector
2. Multi-beam satellites with normalized field pattern with the pattern defined as: 


where J1(x) is the Bessel function of the first kind and first order with argument x,  is the radius of the antenna’s circular aperture, k = 2f/c is the wave number, f is the carrier frequency, c is the speed of light in  vacuum and  is the angle from the bore sight of the antenna’s main beam. If the antenna boresight (power) gain is G(0) dBi, the antenna gain can be written as: dBi.
At the UE side, considering the difference on unitization and frequency-band, the antenna pattern should be specified for each case, e.g., antenna mounted on airplane/ships, antenna of earth station and antenna of mobile user. More specially, the typical antenna pattern defined for terrestrial UE can still be used for mobile user in NTN system. 
Proposal 14: The typical antenna pattern, e.g., dish reflector and multiple-beam satellite for BS and case-specific UE antenna should be considered in simulation.
6 Conclusions
In this contribution, the NTN channel modeling in large/small scale level and preliminary assumption on the simulation have been discussed with following observations and proposals.
Observation 1: Los probability increase along with the increase of elevation angle.
Observation 2: The frequency selectivity can be still observed for the NTN channel with limited rays.
Proposal 1: the NTN channel model(s) shall supports the frequency bands over 1~40GHz.

Proposal 2: For modeling the large scale fading, the influence of atmosphere should be considered, which can be calculated as.
Proposal 3: The following methodology to calculating the PL should be considered:

Proposal 4: The following methodology to calculate the SF should be considered:
.

Proposal 5: The channel model in both deterministic way and statistic way with WINNER structure should be considered for characterizing the small scale properties.
Proposal 6: The time varying Doppler with the consideration on movement of both BS and UE should be supported.

Proposal 7: The depolarization caused by the ionosphere should be considered by simplified solution as:.
Proposal 8: Capturing the proposed TP in Appendix B for generalizing the channel realization based on WINNER-structure.
[bookmark: _In-sequence_SDU_delivery]Proposal 9: The approach with introducing the spatial filter can be used to construct the TDL model from CDL model with angular information.
Proposal 10: The simulation results based on Ray-Tracing as listed in Table 3 and Table 4 can be as the baseline for constructing the CDL/TDL mode. 
Proposal 11: The Gaussian Doppler spectrum should be considered in the link level simulation for NTN.
Proposal 12: The additional scenario, i.e., high speed, airplane and Cargo ship should be considered for the evaluation.
Proposal 13: The non-inertial coordination system should be considered for simulation.
Proposal 14: The typical antenna pattern, e.g., dish reflector and multiple-beam satellite for BS and case-specific UE antenna should be considered in simulation.
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Appendix A
The angular spread and K-factor are listed in Table 3 and Table 4, respectively.

[bookmark: _Ref506245105]Table A-1 ASA/ZSA in suburban
	Freq
(GHz)
	Elevation
(degree)
	μ
lg(ASA)
LOS
	σ
lg(ASA)
LOS
	μ
lg(ZSA)
LOS
	σ
lg(ZSA)
LOS
	μ
lg(ASA)
NLOS
	σ
lg(ASA)
NLOS
	μ
lg(ZSA)
NLOS
	σ
lg(ZSA)
NLOS

	2.00
	10.00
	-0.82
	2.28
	1.47
	0.92
	0.73
	1.10
	0.15
	1.30

	2.00
	20.00
	-1.18
	2.06
	1.06
	0.55
	0.02
	2.09
	-0.37
	1.90

	2.00
	30.00
	-1.18
	2.05
	0.19
	0.92
	-0.03
	1.85
	-0.39
	1.85

	2.00
	40.00
	-1.19
	2.21
	0.05
	1.27
	-0.29
	1.90
	-0.50
	1.80

	2.00
	50.00
	-0.95
	1.67
	0.32
	0.67
	-0.30
	1.73
	-0.28
	1.69

	2.00
	60.00
	-0.66
	1.33
	0.60
	0.86
	-0.65
	1.71
	-0.46
	1.59

	2.00
	70.00
	-0.57
	1.25
	0.55
	0.94
	-0.39
	1.65
	-0.23
	1.42

	2.00
	80.00
	-0.30
	0.94
	0.72
	0.26
	-0.16
	1.48
	0.12
	1.12

	20.00
	10.00
	-1.16
	2.16
	1.44
	1.01
	0.67
	1.06
	0.13
	1.32

	20.00
	20.00
	-1.53
	1.92
	1.05
	0.60
	-0.02
	2.04
	-0.33
	1.84

	20.00
	30.00
	-1.57
	1.94
	0.06
	0.99
	-0.07
	1.79
	-0.38
	1.80

	20.00
	40.00
	-1.58
	2.09
	-0.04
	1.33
	-0.34
	1.79
	-0.47
	1.72

	20.00
	50.00
	-1.33
	1.52
	0.25
	0.76
	-0.35
	1.68
	-0.23
	1.64

	20.00
	60.00
	-1.06
	1.22
	0.52
	0.98
	-0.70
	1.70
	-0.42
	1.55

	20.00
	70.00
	-0.96
	1.16
	0.44
	1.07
	-0.47
	1.64
	-0.21
	1.39

	20.00
	80.00
	-0.61
	0.87
	0.70
	0.28
	-0.21
	1.48
	0.17
	1.08



[bookmark: _Ref506245106]Table A-2 K-factor in suburban
	Freq(GHz)
	Elevation(degree)
	K-factor(dB)

	2.00 
	10.00 
	10.01 

	2.00 
	20.00 
	19.29 

	2.00 
	30.00 
	32.73 

	2.00 
	40.00 
	35.55 

	2.00 
	50.00 
	29.76 

	2.00 
	60.00 
	22.35 

	2.00 
	70.00 
	20.85 

	2.00 
	80.00 
	11.08 

	20.00 
	10.00 
	10.98 

	20.00 
	20.00 
	20.19 

	20.00 
	30.00 
	36.37 

	20.00 
	40.00 
	38.22 

	20.00 
	50.00 
	31.49 

	20.00 
	60.00 
	24.06 

	20.00 
	70.00 
	23.14 

	20.00 
	80.00 
	11.26 


Appendix B
A Geometry Based Stochastic Models(GBSMs) based on TR38.901[5] section7.5 is proposed to establish NTN channel model with the following updates:

(1) Coordinate system: the “Earth Centred Longitude fixed” system in 2.2 is proposed to replace the coordinate system in [3].

In step1:
(2) Scenario selection: adding evaluation scenarios for NTN with space part and user part in 2.1 .
(3) BSs’ location: satellite constellations suggested in 2.1.1 are proposed in locating BSs.
(4) UEs’ location is FFS.
(5) Antenna pattern: antenna patterns suggested in 2.4 are proposed.
(6) BS speed should be considered as well.

In step2:
(7) LOS/NLOS state is a function of elevation angle as in 2.5.2.4
(8) Indoor state is only considered for HAPs in low frequency [2.5.3], and for other cases, outdoor Only.

In step3:
(9) Path loss model in 2.5.2 is proposed.

In step4:
(10)  Generate Large Scale Parameters(LSPs):
Since the distance between BS and UE is very large in NTN scenarios, ZSD and ASD is almost near to 0 and should be excluded from the correlation procedures:


Generate large scale parameters, e.g. delay spread (DS), angular spreads (ASA, ZSA), Ricean K factor (K) and shadow fading (SF) taking into account cross correlation according to [Table 7.5-6 in [5]-need to add parameters for other NTN scenarios] and using the procedure described in subclause 3.3.1 of [8] with the square root matrixbeing generated using the Cholesky decomposition and the following order of the large scale parameter vector: sM = [sSF, sK, sDS, sASA, sZSA]T. 
These LSPs for different BS-UT links are uncorrelated, but the LSPs for links from co-sited beams to a UT are the same. In addition, these LSPs for the links of UTs on different floors are uncorrelated. 
Limit random RMS azimuth arrival spread values to 104 degrees, i.e., ASA= min(ASA, 104). Limit random RMS zenith arrival spread values to 52 degrees, i.e., ZSA = min(ZSA, 52).

In step5~step7:
(11) 



All procedures relating to the generation of and should be omitted as well as  and . 




, and are calculated by LOS ray from satellite/HAPs to UE in global coordinates system.

Unchanged in step8.

In step9:
Generation of the XPR and the additional matrix to modeling the influence of Faraday rotation as:

                                                         (2.5-7)


Where  is the Faraday rotation in section 3 for satellite, and for HAPs.
Unchanged in step10.

In step11:
(12)  The procedures of spreading two strongest clusters into sub-clusters shall be omitted in NTN channel modelling due to narrower bandwidth in NTN than terrestrial NR.

(13)  Faraday rotation, BS station movement with large time-varying Doppler shift should be considered.

For each clusters, say n = 1, 2,…, N, the channel coefficients are given by:


															(7.5-22)
where Frx,u,θ and Frx,u,ϕ are the field patterns of receive antenna element u according to (7.1-11) and in the direction of the spherical basis vectors, [image: ] and [image: ] respectively, Ftx,s,θ and Ftx,s,ϕ are the field patterns of transmit antenna element s in the direction of the spherical basis vectors, [image: ] and [image: ] respectively. Note that the patterns are given in the GCS and therefore include transformations with respect to antenna orientation as described in Subclause 7.1. [image: ] is the spherical unit vector with azimuth arrival angle ϕn,m,AOA and elevation arrival angle θn,m,ZOA, given by 
	[image: ],	(7.5-23)
where n denotes a cluster and m denotes a ray within cluster n. [image: ] is the spherical unit vector with azimuth departure angle ϕn,m,AOD and elevation departure angle θn,m,ZOD, given by
	[image: ],	(7.5-24)
where n denotes a cluster and m denotes a ray within cluster n. Also, [image: ]is the location vector of receive antenna element u and [image: ]is the location vector of transmit antenna element s, n,m is the cross polarisation power ratio in linear scale, and 0 is the wavelength of the carrier frequency. If polarisation is not considered, the 2x2 polarisation matrix can be replaced by the scalar [image: ] and only vertically polarised field patterns are applied.
The Doppler frequency component of UT depends on the arrival angles (AOA, ZOA), and the UT velocity vector [image: ]with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 

	  	   (7.5-25)

The Doppler frequency component of BS depends on the departure angles (AOD, ZOD), and the BS velocity vector with speed vsat, travel azimuth angle ϕvsat, elevation angle θvsat and is given by 


(7.5-25a)
Then, the channel impulse response is given by:

	                                                (7.5-27)
where [image: ] is given in (7.5-22) .	
In the LOS case, determine the LOS channel coefficient by:

 
 (7.5-29)
where (.) is the Dirac's delta function and KR is the Ricean K-factor as generated in Step 4 converted to linear scale.
Then, the channel impulse response is given by adding the LOS channel coefficient to the NLOS channel impulse response and scaling both terms according to the desired K-factor [image: ] as
	[image: ].	(7.5-30)
(14)  When Doppler shift of BS is a time-varying function relative to time t due to satellite movement, additional algorithm should be consider, refer to 2.5.7.1.

Unchanged in step12.
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