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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new SI: Study on NR to support Non-Terrestrial Networks, was approved at RAN plenary #75 meeting [1]. One of the objectives is as following
· Channel model: Study the feasibility of adapting the 3GPP channel model for non-terrestrial networks. If needed, identify and study new channel models 

[bookmark: _Ref129681832]In this contribution (revised from [7] and [9]), we discuss some aspects that need to be considered for High Altitude UAS Platform Station (HAPS) channel models.
RAN1#92 agreed that the baseline channel model for HAPS should be based on TR38.901 [8].
Necessity for new channel model for HAPS
In this study item, HAPS is located at the altitude between 8 km and 50 km, and the radius of coverage may be about 20-50 km, or even larger. The approximate elevation angle will varies from 10°to 90°. For the users with large elevation angle, the transmission is LOS dominated; meanwhile, for the users with small elevation, the received signal is composed of LOS and NLOS components due to reflection, refraction, diffraction and scattering by buildings, trees, hills, billboards, street-light posts and so on. Therefore, the LOS probability, shadow fading and multipath propagation are different for users with different elevation angles.
HAPS can be deployed in multiple scenarios, such as urban, suburban and rural. The environmental differences for different scenarios are large, e.g. the height of buildings, the density of buildings, which will lead to large differences of the LOS probability, shadow fading and multipath propagation under different scenarios. 



Figure 1. Transmission for HAPS 
Observation 1: The LOS probability, shadow fading and multipath propagation are related to deployment scenario and user elevation angle for HAPS. 
However, the LOS probability, shadow fading and multipath propagation for HAPS will be different from that in terrestrial network due to the difference of altitude of the base station. These factors will influence the system design as described in the following. 
LOS probability and Path Loss models
In a terrestrial network, MIMO has been widely used while LOS probability is one of the key factors in the usage of MIMO. Different path loss models are used for LOS and NLOS transmission in a terrestrial network, so LOS probability is one of the factors which influence the strength of received signal. 
The LOS probability under different scenarios and elevation angles was agreed during the Sanya meeting as follows [10]. 
	Elevation
	Dense Urban
	Urban
	Suburban
	Rural

	10°
	28.2%
	24.6%
	78.2%
	

	20°
	33.1%
	38.6%
	86.9%
	

	30°
	39.8%
	49.3%
	91.9%
	

	40°
	46.8%
	61.3%
	92.9%
	

	50°
	53.7%
	72.6%
	93.5%
	

	60°
	
	80.5%
	94.0%
	

	70°
	73.8%
	91.9%
	94.9%
	

	80°
	
	96.8%
	95.2%
	

	90°
	98.1%
	99.2%
	99.8%
	



Observation 2: The values for 60°and 80°elevations in Dense Urban and all values for Rural environment are missing.
Proposal 1: The values for 60°and 80°elevations in Dense Urban and all values for Rural environment need to be modeled. 
Proposal 2: Consider whether elevation dependent path loss modeling for LOS and NLOS component for HAPS is needed.

Shadow fading
Shadow fading needs to be modeled for the system-level simulation, and also needs to be considered when we calculate the link budget. Similar to LOS probability, the value of shadow fading for HAPs is also related to deployment scenario and elevation angle. 
Proposal 3: Shadow fading under different scenarios and elevations need to be modeled. 

Multipath propagation
Multipath propagation is an important influence factor for the system design, which influences:
· Numerology/CP
For the OFDM based system, CP is used to mitigate the ISI, and the length of CP determines the amount of multipath captured, if the multipath exceeds the length of CP, inter symbol interference will occur. 
There are multiple numerologies defined in NR, and there also exist multiple corresponding CP lengths. Which numerologies can be used for HAPS depends on the maximum delay of multipath. So the multipath propagation needs to be exactly modeled.
· Reference signal pattern
In a multipath propagation environment, the phases and amplitudes of the signal will vary across the channel, which will lead to frequency selective fading. The power delay profile determines the size of coherent bandwidth. For the communication system design, the density of reference signal in frequency domain should be smaller than the coherence bandwidth.
In addition to the frequency density of reference signal, the density in the time domain also needs to be considered. The Doppler shift and Doppler spread caused by relative movement determine the size of coherence time, which will influence the density of reference signal in the time domain.
In our company’s other contribution [2], ray tracing simulation results for HAPS channel have been provided. We observe that multipath propagation for HAPS is existed and is different from that in terrestrial network.
Proposal 4: Multipath propagation for HAPS needs to be exactly modeled. 
Antenna modeling
In terrestrial network, the height of antenna is about 30m, and the radius of coverage can be hundreds of meters to tens of kilometers. To satisfy this coverage requirement, there are big differences between vertical and horizontal in the 3dB beam width. 
However, in [3]-[6], another antenna pattern is advised to be used for HAPS. The antenna beam is pointing to the area just below the HAPS, and the projection on the ground is a circular area. 
The antenna gain in [3]-[6] can be described as follow:

where  is the angle with respect to antenna boresight,  is chosen to define the rate of roll-off of the pattern,  is the gain of side lobe, and  is the peak gain for main lobe. Peak directivity is often approximated by 

where  and  are the 3-dB beamwidths in two orthogonal planes.
Linear polarization antenna is used in terrestrial network; however, circularly polarized antenna are advised to be used for HAPS in the discussion on HAPS in ITU recently. There will be 3dB polarization mismatch loss due to different polarization antennas used in transmitter and receiver, i.e. circular polarization antennas in one side and linear polarization antennas in another side. If circular polarization antenna is used for HAPs, polarization mismatch loss needs to be considered when we calculate the link budget, and how to model the circular polarization antenna also needs to be discussed.
Observation 3: Antenna modeling for HAPS may needs to be redefined.
To better complete the corresponding system design, we need to achieve the knowledge on channel models for HAPS as precisely as possible, so a new channel model for HAPS needs to be studied.

Fast fading
Proposal 5: The fast fading parameters for HAPS should be based on the table below.
	Urban Scenarios
	HAP with 8km and 20km---LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.12
	-8.29
	-8.29
	-8.38
	-8.4
	-8.40
	-8.38
	-8.35
	-8.34

	
	lgDS
	0.98
	0.84
	0.66
	0.46
	0.34
	0.23
	0.16
	0.11
	0.06

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-3.08
	-3.47
	-3.83
	-4.32
	-4.18
	-4.3
	-4.12
	-4.03
	-2.71

	
	lgASD
	1.46
	2.86
	3.59
	3.97
	3.71
	3.74
	3.54
	3.69
	2.79

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.26
	-0.63
	-1.05
	-1.73
	-1.41
	-1.69
	-1.71
	-1.81
	-1.18

	
	lgASA
	2.07
	3.74
	4.52
	5.07
	4.52
	4.55
	4.27
	4.14
	3.29

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-2.00
	0.18
	1.03
	1.41
	1.54
	1.66
	1.77
	1.84
	1.90

	
	lgZSA
	1.62
	1.21
	0.77
	0.45
	0.43
	0.38
	0.28
	0.23
	0.12

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1)
	lgZSD
	-3.32
	-2.77
	-2.48
	-2.45
	-2.45
	-2.53
	-2.67
	-2.93
	-3.51

	
	lgZSD
	1.02
	0.70
	0.65
	0.53
	0.47
	0.36
	0.31
	0.33
	1.7

	Urban Scenarios
	HAP with 8km and 20km---NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.46
	-7.82
	-7.83
	-8.05
	-8.06
	-8.10
	-8.13
	-8.05
	-8.29

	
	lgDS
	1.36
	1.04
	0.84
	0.82
	0.75
	0.74
	0.73
	0.79
	0.74

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-2.67
	-3.06
	-2.45
	-2.61
	-2.36
	-2.27
	-2.20
	-1.99
	-2.03

	
	lgASD
	3.54
	3.94
	2.84
	2.63
	2.06
	1.67
	1.52
	1.26
	1.48

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.11
	0.01
	0.51
	0.47
	0.66
	0.60
	0.62
	0.58
	0.24

	
	lgASA
	3.59
	3.63
	2.73
	2.58
	2.01
	1.68
	1.32
	1.16
	1.44

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.66
	0.74
	1.07
	1.23
	1.31
	1.32
	1.37
	1.40
	1.42

	
	lgZSA
	1.37
	0.97
	1.05
	0.90
	0.77
	0.77
	0.66
	0.67
	0.62

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1)
	lgZSD
	-2.54
	-2.40
	-2.38
	-2.33
	-2.42
	-2.51
	-2.67
	-3.51
	-4.72

	
	lgZSD
	1.42
	1.66
	2.08
	1.73
	2.11
	2.31
	2.51
	3.89
	4.72



	Rural Scenarios
	HAP with 8km and 20km---LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.57
	-8.80
	-8.52
	-8.40
	-8.32
	-8.27
	-8.23
	-8.21
	-8.20

	
	lgDS
	0.65
	0.35
	0.23
	0.16
	0.12
	0.14
	0.09
	0.06
	0.04

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-8.95
	-8.12
	-5.94
	-4.74
	-3.97
	-3.94
	-3.58
	-3.12
	-2.07

	
	lgASD
	6.33
	6.38
	5.43
	4.44
	3.48
	3.49
	3.06
	2.78
	2.06

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-5.77
	-5.21
	-3.18
	-2.23
	-1.54
	-1.50
	-1.27
	-1.17
	-1.06

	
	lgASA
	6.66
	6.61
	5.69
	4.83
	3.83
	3.54
	2.98
	2.59
	2.16

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.07
	0.96
	1.30
	1.49
	1.62
	1.71
	1.79
	1.86
	1.90

	
	lgZSA
	0.64
	0.28
	0.27
	0.26
	0.23
	0.21
	0.16
	0.11
	0.073

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1)
	lgZSD
	-3.61
	-2.83
	-2.54
	-2.43
	-2.40
	-2.44
	-2.54
	-2.74
	-3.10

	
	lgZSD
	0.41
	0.30
	0.26
	0.25
	0.25
	0.24
	0.25
	0.32
	1.15

	Rural Scenarios
	HAP with 8km and 20km---NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.16
	-8.46
	-8.22
	-8.09
	-8.09
	-8.10
	-8.09
	-8.12
	-7.83

	
	lgDS
	1.79
	1.19
	1.31
	1.08
	1.08
	0.90
	0.87
	1.50
	0.85

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-6.87
	-4.37
	-3.36
	-2.61
	-2.23
	-2.35
	-2.09
	-1.90
	-1.76

	
	lgASD
	6.21
	4.66
	3.71
	2.40
	1.31
	2.00
	1.26
	1.38
	2.54

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-2.23
	-0.47
	0.003
	0.31
	0.60
	0.51
	0.61
	0.38
	0.60

	
	lgASA
	5.19
	3.83
	3.16
	2.36
	1.44
	1.52
	1.29
	1.95
	1.09

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.25
	0.605
	0.91
	0.84
	1.02
	1.07
	1.13
	0.96
	1.35

	
	lgZSA
	1.50
	1.26
	0.81
	1.10
	0.77
	0.75
	0.70
	1.58
	0.67

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1)
	lgZSD
	-4.07
	-3.31
	-2.65
	-2.35
	-2.46
	-2.57
	-2.60
	-3.16
	-2.62

	
	lgZSD
	2.71
	2.98
	2.26
	1.83
	2.11
	2.29
	2.27
	3.46
	2.84



Conclusions
In this contribution, we have discussed some aspects need to be considered for the channel model of HAPs. The following are the observations and proposals that we have identified:
Observation 1: The LOS probability, shadow fading and multipath propagation are related to deployment scenario and user elevation angle for HAPS. 
Observation 2: The values for 60°and 80°elevations in Dense Urban and all values for Rural environment are missing.
Observation 3: Antenna modeling for HAPS may needs to be redefined.
Proposal 1: The values for 60°and 80°elevations in Dense Urban and all values for Rural environment need to be modeled. 
Proposal 2: Consider whether elevation dependent path loss modeling for LOS and NLOS component for HAPS is needed.
Proposal 3: Shadow fading under different scenarios and elevations need to be modeled. 
Proposal 4: Multipath propagation for HAPS needs to be exactly modeled. 
Proposal 5: The fast fading parameters for HAPS should be based on the table below.
	Urban Scenarios
	HAP with 8km and 20km---LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-8.12
	-8.29
	-8.29
	-8.38
	-8.4
	-8.40
	-8.38
	-8.35
	-8.34

	
	lgDS
	0.98
	0.84
	0.66
	0.46
	0.34
	0.23
	0.16
	0.11
	0.06

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-3.08
	-3.47
	-3.83
	-4.32
	-4.18
	-4.3
	-4.12
	-4.03
	-2.71

	
	lgASD
	1.46
	2.86
	3.59
	3.97
	3.71
	3.74
	3.54
	3.69
	2.79

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.26
	-0.63
	-1.05
	-1.73
	-1.41
	-1.69
	-1.71
	-1.81
	-1.18

	
	lgASA
	2.07
	3.74
	4.52
	5.07
	4.52
	4.55
	4.27
	4.14
	3.29

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-2.00
	0.18
	1.03
	1.41
	1.54
	1.66
	1.77
	1.84
	1.90

	
	lgZSA
	1.62
	1.21
	0.77
	0.45
	0.43
	0.38
	0.28
	0.23
	0.12

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1)
	lgZSD
	-3.32
	-2.77
	-2.48
	-2.45
	-2.45
	-2.53
	-2.67
	-2.93
	-3.51

	
	lgZSD
	1.02
	0.70
	0.65
	0.53
	0.47
	0.36
	0.31
	0.33
	1.7

	Urban Scenarios
	HAP with 8km and 20km---NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.46
	-7.82
	-7.83
	-8.05
	-8.06
	-8.10
	-8.13
	-8.05
	-8.29

	
	lgDS
	1.36
	1.04
	0.84
	0.82
	0.75
	0.74
	0.73
	0.79
	0.74

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-2.67
	-3.06
	-2.45
	-2.61
	-2.36
	-2.27
	-2.20
	-1.99
	-2.03

	
	lgASD
	3.54
	3.94
	2.84
	2.63
	2.06
	1.67
	1.52
	1.26
	1.48

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.11
	0.01
	0.51
	0.47
	0.66
	0.60
	0.62
	0.58
	0.24

	
	lgASA
	3.59
	3.63
	2.73
	2.58
	2.01
	1.68
	1.32
	1.16
	1.44

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.66
	0.74
	1.07
	1.23
	1.31
	1.32
	1.37
	1.40
	1.42

	
	lgZSA
	1.37
	0.97
	1.05
	0.90
	0.77
	0.77
	0.66
	0.67
	0.62

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1)
	lgZSD
	-2.54
	-2.40
	-2.38
	-2.33
	-2.42
	-2.51
	-2.67
	-3.51
	-4.72

	
	lgZSD
	1.42
	1.66
	2.08
	1.73
	2.11
	2.31
	2.51
	3.89
	4.72



	Rural Scenarios
	HAP with 8km and 20km---LOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.57
	-8.80
	-8.52
	-8.40
	-8.32
	-8.27
	-8.23
	-8.21
	-8.20

	
	lgDS
	0.65
	0.35
	0.23
	0.16
	0.12
	0.14
	0.09
	0.06
	0.04

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-8.95
	-8.12
	-5.94
	-4.74
	-3.97
	-3.94
	-3.58
	-3.12
	-2.07

	
	lgASD
	6.33
	6.38
	5.43
	4.44
	3.48
	3.49
	3.06
	2.78
	2.06

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-5.77
	-5.21
	-3.18
	-2.23
	-1.54
	-1.50
	-1.27
	-1.17
	-1.06

	
	lgASA
	6.66
	6.61
	5.69
	4.83
	3.83
	3.54
	2.98
	2.59
	2.16

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.07
	0.96
	1.30
	1.49
	1.62
	1.71
	1.79
	1.86
	1.90

	
	lgZSA
	0.64
	0.28
	0.27
	0.26
	0.23
	0.21
	0.16
	0.11
	0.073

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1)
	lgZSD
	-3.61
	-2.83
	-2.54
	-2.43
	-2.40
	-2.44
	-2.54
	-2.74
	-3.10

	
	lgZSD
	0.41
	0.30
	0.26
	0.25
	0.25
	0.24
	0.25
	0.32
	1.15

	Rural Scenarios
	HAP with 8km and 20km---NLOS

	
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-9.16
	-8.46
	-8.22
	-8.09
	-8.09
	-8.10
	-8.09
	-8.12
	-7.83

	
	lgDS
	1.79
	1.19
	1.31
	1.08
	1.08
	0.90
	0.87
	1.50
	0.85

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-6.87
	-4.37
	-3.36
	-2.61
	-2.23
	-2.35
	-2.09
	-1.90
	-1.76

	
	lgASD
	6.21
	4.66
	3.71
	2.40
	1.31
	2.00
	1.26
	1.38
	2.54

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-2.23
	-0.47
	0.003
	0.31
	0.60
	0.51
	0.61
	0.38
	0.60

	
	lgASA
	5.19
	3.83
	3.16
	2.36
	1.44
	1.52
	1.29
	1.95
	1.09

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.25
	0.605
	0.91
	0.84
	1.02
	1.07
	1.13
	0.96
	1.35

	
	lgZSA
	1.50
	1.26
	0.81
	1.10
	0.77
	0.75
	0.70
	1.58
	0.67

	ZOD spread (ZSD)
lgZSA=log10(ZSD/1)
	lgZSD
	-4.07
	-3.31
	-2.65
	-2.35
	-2.46
	-2.57
	-2.60
	-3.16
	-2.62

	
	lgZSD
	2.71
	2.98
	2.26
	1.83
	2.11
	2.29
	2.27
	3.46
	2.84
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