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In RAN#85, a new SI called Enhanced Support for Aerial Vehicles was approved [1]. The purpose of this SI is to provide connectivity to aerial vehicles by terrestrial LTE networks, and to study necessary optimizations and enhancements for LTE to fulfill the requirement brought by aerial vehicles. One kind of attractive aerial vehicle is a drone, the utilization of which has grown rapidly during recent years.
Air-to-ground (ATG) communications technology is expected to be characterized by very different deployment scenarios and channel propagation models than traditional cellular communications. For example, in the latter case the UE is usually located below the base station and the channel consists of abundant multi-paths, while the aerial vehicles are located at higher and rapidly changing locations, creating a more challenging communication environment. 
In this contribution, we provide some considerations on the deployment scenarios and channel models for ATG communications.
Discussion
As mentioned in section 1, the deployment scenarios and channel models for air-to-ground communications are expected to be very different to those assumed in traditional cellular communications. In order to evaluate the ATG communications performance in LTE networks with or without any enhancements for Aerials, it is thus necessary to first identify the evaluation scenarios and the channel models covering all relevant use cases (see our companion paper in [3]). Note that the communication distance, the operating altitude, flying speed, and connectivity densities are important factors for the aerial vehicle uses case. 
Deployment scenario
The “Urban macro-cell” and “Rural macro-cell” scenarios defined in TR 36.814 [2] can be used as a starting point for the definition of deployment scenarios, with necessary modifications to adapt to ATG communications.
· ATG scenario 1: Urban macro-aerial. This is based on the “Urban macro-cell” scenario in TR 36.814, and corresponds to an urban scenario supporting high capacity for real-time data transmission, such as flying cameras, surveillance, search, monitoring of critical infrastructure, etc. 
· ATG scenario 2: Rural macro-aerial. This is based on the “Rural macro-cell” scenario in TR 36.814, and corresponds to a rural or low density suburban scenario supporting remote control in a large coverage area, such as package delivery, automatic agriculture, search, etc. Due to the character of ATG communications, some simulation assumption should be modified. Table 2 summarizes some detailed parameters of the two scenarios.
[bookmark: _Ref345594276]Table 2. Deployment scenarios for aerial vehicle communication
	Parameters
	Urban macro-aerial
	Rural macro-aerial

	Operating altitude 
	0~500m
	0~500m

	Flying speed
	0~60km/h
	0~100km/h

	Aerial UE Density
	10+~100+
	10+

	Inter site distance
	0.5~1km
	1.732~10km



Proposal 1: Two ATG deployment scenarios, Urban macro-aerial and Rural macro-aerial, are defined, respectively based on the “Urban macro-cell” and “Rural macro-cell” scenarios defined in TR 36.814, with necessary adjustment of parameters.
Proposal 2: In both “Urban macro-aerial” and “Rural macro-aerial” scenarios, consider co-existence of eMBB UEs and aerial UEs.
Channel model
The drone can fly below or above the eNB, and the propagation environment can change with the altitude. Figure [1] demonstrates the signal strength RSRP and SINR variations at different altitudes. The left picture in figure [1] shows that RSRP first increases with the drone’s height, and then decreases. This is because the distance between the drone and base station first decreases when the drone height increases, and then increases when the drone is flying to higher altitude.  The right picture in figure [1] demonstrates that SINR decreases when the drone’s height increases. The reason for this phenomenon is that as the height increases the channel between base station and drones becomes LOS dominated, which increases the inter-cell interference and hence deteriorates SINR. 

Figure 1 Downlink RSRP and SINR versus altitude for Drones 
In case the drone flies below the eNB, the propagation environment between the eNB and the drone is similar to traditional terrestrial communications, i.e. with a lot of multi-path components, and the existing multi-path channel models (e.g. SCM, ITU-UMa, ITU-UMi, ITU-RMa, 3D UMa, 3D UMi, 3D RMa) can be reused as a baseline. 
When the drone is flying above the eNB, the transmission link is Line-Of-Sight due to there being no obstacles between the drone and the eNB. In this case, there are very few reflection paths, so the existing multi-path models containing a lot of propagation paths is not properly apply any more. For this scenario, the free-space path loss model can be used as a baseline, which is just related to the energy loss in the air.
For the small scale fading model, even though the LOS components are dominant, some reflection paths may exist probably caused by high buildings. The model can be adapted from the existing multi-path channel models (e.g. SCM, ITU-UMa, ITU-UMi, ITU RMa, 3D UMa, 3D UMi, 3D RMa)  by taking the ATG specific multi-path conditions into account (e.g. number of paths, delay spread, angle spread, and power spread). The LOS component power weight is also an important factor for the channel model.  In addition, blockage due to high buildings and mountains may also need to be taken into account.
In the above three cases, the channel model parameters need to be identified by real measurements.
 Proposal 3: For “Urban macro-aerial” scenario,
· One path loss model is defined for aerials below an altitude of X m.
· The model can be based on an existing 3GPP/ITU model.
· One path loss model is defined for aerials above an altitude of X m.
· The model is based on free-space model.
· LOS probability for aerials above X m is 100%. 
· Further study on shadow fading etc.
· One fast fading model is defined.
· The model can be based on an existing 3GPP/ITU model.
· Two sets of parameters for aerials below and above an altitude of X m, respectively.
Proposal 4: For “Rural macro-aerial” scenario,
· One path loss model is defined for aerials below an altitude of Y m.
· The model can be based on an existing 3GPP/ITU model.
· One path loss model is defined for aerials above an altitude of Y m.
· The model is based on free-space model.
· LOS probability for aerials above Y m is 100%. 
· Further study on shadow fading etc.
· One fast fading model is defined.
· The model can be based on an existing 3GPP/ITU model.
· Two sets of parameters for aerials below and above an altitude of Y m, respectively.
Proposal 5: Parameters for all channel models for ATG communications should be updated when real measurements are available.
[bookmark: _Ref129681832]Conclusion
The aerial vehicle communication deployment scenario and channel model were proposed. It is recommended to study two scenarios, covering most of the aerial vehicle services. 
Proposal 1: Two ATG deployment scenarios, Urban macro-aerial and Rural macro-aerial, are defined, respectively based on the “Urban macro-cell” and “Rural macro-cell” scenarios defined in TR 36.814, with necessary adjustment of parameters.
Proposal 2: In both “Urban macro-aerial” and “Rural macro-aerial” scenarios, consider co-existence of eMBB UEs and aerial UEs.
Proposal 3: For “Urban macro-aerial” scenario,
· One path loss model is defined for aerials below an altitude of X m.
· The model can be based on an existing 3GPP/ITU model.
· One path loss model is defined for aerials above an altitude of X m.
· The model is based on free-space model.
· LOS probability for aerials above X m is 100%. 
· Further study on shadow fading etc.
· One fast fading model is defined.
· The model can be based on an existing 3GPP/ITU model.
· Two sets of parameters for aerials below and above an altitude of X m, respectively.
Proposal 4: For “Rural macro-aerial” scenario,
· One path loss model is defined for aerials below an altitude of Y m.
· The model can be based on an existing 3GPP/ITU model.
· One path loss model is defined for aerials above an altitude of Y m.
· The model is based on free-space model.
· LOS probability for aerials above Y m is 100%. 
· Further study on shadow fading etc.
· One fast fading model is defined.
· The model can be based on an existing 3GPP/ITU model.
· Two sets of parameters for aerials below and above an altitude of Y m, respectively.
Proposal 5: Parameters for all channel models for ATG communications should be updated when real measurements are available.
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