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[bookmark: DocumentFor]Introduction
In RAN1#88bis, the applicability of the current channel model (e.g., LoS probability, path loss and fast fading in TR 38.901) for aerial vehicles is well discussed with the following agreement [1]:
· For channel modelling of Aerial UEs, at least the following can be different from the terrestrial UEs
· Pathloss, shadowing, LOS probability and fast fading
Moreover, according to the following conclusion [1], four optional approaches are provided for enhancing the existing model for aerial vehicles with various heights. 
Companies are encouraged to provide measurement/simulation/evaluation results for deciding the channel modelling of Aerial UEs in RAN1#89 meeting by considering the options below
In this contribution, the UE height-dependent phenomena of the propagation characteristics are presented based on the results from RT-based simulation. Additionally, the updated channel model w.r.t the number of cluster, composite channel spread are proposed for RMA, UMA and UMI scenarios.
Scenarios and configurations of simulation
For establishing the channel that can present the typical properties in each interested cases, as shown from Figure 1 to 3, these layouts, which are obtained from realistic environment, are adopted for the simulation in this contribution  for RMA, UMA and UMI scenarios, respectively.
[image: ]
[bookmark: _Ref481419073]Figure 1 Illustration of the layout for RMA

[image: ][image: ]
[bookmark: _Ref481439360][bookmark: _Ref481419076]Figure 2 Illustration of the layout for UMA                  Figure 3 Illustration of the layout for UMI
The antennas with ideal radiation pattern are used at both BS and UE sides for capturing the pure channel realizations. Moreover, the UT with different heights are also investigated according to the following configurations as listed in Table 1.
[bookmark: _Ref481420272][bookmark: _Ref481420269]Table 1 Simulation configurations 
	Scenario
	Frequency [GHz]
	BS Height [m]
	UT height [m]

	RMA
	2.1
	35
	[1.5 10 20 30 40 50 60 80 90 100 120 140 150 200 ]

	UMA
	2
	33.5 35.5 40
(Above surrounding Building)
	[30 35 40 50 80]

	UMI
	
	20 
(Above surrounding Building)
	[1.5 15 30 50 75 100 125 150]


Small channel model for aerial UEs
Based on the simulation results with the configurations mentioned in section 2, the UT height dependent channel characteristics are analyzed for three scenarios. The number of cluster in propagation channel and the corresponding spread in all domains (e.g., delay, AoA, AoD) are derived according to the simulated paths within the dynamic range equalling to 30 dB. And the height-dependent behaviour of each parameter is also represented by the formula from best-fit based on MMSE principle.
Number of Cluster
It’s well known that the propagation paths in the real field are originated from the direct LoS, reflection, diffraction as well diffusing scatter. The existing of all these paths, expect for the LoS path, should be dependent on the scatter around both BS and UT in the propagation environment. However, since fewer local scatter will appear when the height of UT increases, as examples shown in Figure 4, it will lead to the decreased number of valid paths as well as cluster received by UT. 
[image: ]
[bookmark: _Ref481437942]Figure 4 Illustration of the average number of cluster in RMA and UMI cases

Moreover, the height-dependency of the average cluster number is modelled with the results shown in Table 2 below. It can be found the average numbers of all case are decreased with the increasing of. For the NLoS in UMA, it can be observed from Figure 2, a lot of buildings with large height are located around BS, which will lead to more paths even when the UT located at higher altitude.
[bookmark: _Ref481438182]Table 2 Average number of cluster 
	Scenario
	Number of Cluster [average]

	RMA
	LoS
	
　

	
	NLoS
	
　

	UMA
	LoS
	
　

	
	NLoS
	
　

	UMI
	LoS
	
　

	
	NLoS
	
　



Observation 1: The height-dependent behaviour can be observed for number of cluster in propagation channel.
Proposal 1: Adopt the proposed height-dependent average number of cluster, which is listed in Table 2, for aerial UT. 
Composite channel spread
The composite channel spread is usually used to demonstrate the dispersive phenomenon of propagation channel in each scenario, and which is easily influenced by the changing of number of cluster in channel. Moreover, the geometric layout of the environment also has impacts on the value of spread, especially in the case with lower number of cluster.




As examples shown Figures 5 and 6, the DS and ZSA can be well fitted as the function of .  It can be found that these spread, especially the mean value are decreased when the  is enlarged. The general results can be found in Table 3. Moreover, considering the backward compatibility with the legacy UE located at lower altitude. The value of these parameters will be kept unchanged within the valid range in current models ( for RMA and  for both UMA and UMI), e.g., TR38.901 [2].

[image: ]
[bookmark: _Ref481441523]Figure 5 Illustration of the delay spread (DS) for both LoS and NLoS in RMA case
[image: ]
[bookmark: _Ref481441524]Figure 6 Illustration of the ZSA for both LoS and NLoS in UMI case
[bookmark: _Ref481444763][bookmark: _Ref481444759]Table 3 Channel spreads in LoS
	Para\Scenario
	RMA
	UMA
	UMI

	DS
	LoS
	

	

	

	


	
	
	

	

	

	


	
	NLoS
	

	

	

	


	
	
	

	

	

	


	ASA
	LoS
	

	

	

	


	
	
	

	

	

	


	
	NLoS
	

	

	

	


	
	
	

	

	

	


	ASD
	LoS
	

	

	

	


	
	
	

	

	

	


	
	NLoS
	

	

	

	


	
	
	

	

	

	


	ZSA
	LoS
	

	

	

	


	
	
	

	

	

	


	
	NLoS
	

	

	

	


	
	
	

	

	

	


	ZSD
	LoS
	

	

	

	


	
	
	

	

	

	


	
	NLoS
	

	

	

	


	
	
	

	

	

	





Moreover, it can be found that the ZSA decrease along with the increasing of height of UT, but the opposite trend is observed from ZSD, especially for LoS case. The reason is that, as shown in Figure 7, with the increasing of , the difference of ZoD between LoS and one-bounce reflected path is enlarged, which will lead to the larger ZSD as well. But, at the UT side, the ZoAs between these two paths gets closer in such condition, and the corresponding spread will also be smaller.



[bookmark: _Ref481445730]Figure 7 Illustration of the change of angle in elevation domain along with the increase of 
Observation 2: The height-dependent behaviour can be observed for the channel spread in all domains.
Proposal 2: Adopt the proposed height-dependent model w.r.t channel spreads, which is listed Table 3, for aerial UT. 
Conclusions
In this contribution, the small scale channel properties, e.g., number of cluster and channel spreads, are analyzed UT with different heights based on RT simulation in RMA,UMA and UMI scenarios. The height-dependent phenomena can be observed for these properties and corresponding model are also proposed for the aerial vehicles. The following observations and proposals are introduced:

Observation 1: The height-dependent behaviour can be observed for number of cluster in propagation channel.
Observation 2: The height-dependent behaviour can be observed for the channel spread in all domains.
Proposal 1: Adopt the proposed height-dependent average number of cluster, which is listed in Table 2, for aerial UT. 
Proposal 2: Adopt the proposed height-dependent model w.r.t channel spreads, which is listed Table 3, for aerial UT. 
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