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Introduction
The new study item on enhanced support for aerial vehicles was approved at 3GPPRAN#75 meeting [1]. This study item is aiming to identify and study possible enhancement to LTE Rel-14 networks to efficiently serve aerial vehicles like drones. In present contribution we provide preliminary results of interference distribution for air-borne UEs at different altitudes, geographical distribution of aerial UEs serving by given site and SINR distribution with interference coordination technique enabled.
Discussion	
	There are several issues that arises for cellular network serving aerial vehicles, such as increased level of UL and DL interference. This is caused by the fact that, above a certain altitude, the propagation link between eNB and aerial vehicle becomes line-of-sight with weak dependence on 2D distance. In particular, in [2] dependence of number of cells seen by the air-borne UE on its altitude is provided based on the realistic measurements. According to this results, the aerial vehicles with altitude around 100 m can receive signals from more than 7 cells. Considering that, the expected SINR values for high altitude air-borne UEs becomes substantially lower comparing to ground and indoor UEs. 
	In this paper we provide evaluation results of wideband SINR distribution for aerial vehicles with different altitudes. In the evaluations, 3D-UMa scenario was assumed [3] with 8 vertical physical antenna elements virtualized to one port antenna at the BS by using vertical beamforming with tilt of 1000 targeting terrestrial coverage. In order to see SINR dependence from altitude of the aerial vehicle, evaluations were conducted for the altitudes of {50 m, 100 m, 200 m, 400 m}. To approximate radio propagation environment between eNB and aerial vehicle, LOS probability was set to one for all UEs. The other simulation assumptions can be found in the Appendix.
	The evaluated SINR distributions are shown in Figure 1. The CDF of SINR for ground and indoor UEs with UE distribution specified in [3] is also provided for reference. 
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[bookmark: _Ref458412312]Figure 1: CDF of wideband SINR for different UE distributions  
	 Based on the above simulation results, it can be seen that SINR of air-borne UEs is typically lower comparing to ground and indoor UEs considered in the conventional deployments. It can be also seen that with increasing altitude of air-borne UEs, SINR becomes lower. In particular, for the UEs with 400 m altitude, geometry SINR value is lower than 0 dB with probability of 85% and lower than -6 dB with probability of 18%.
	Observation: SINR for air-borne UEs is typically lower comparing to SINR of ground and indoor UEs, SINR is typically decreased with increasing of altitude.
	To identify and analyze possible issues with cell selection and handover for high altitude aerial vehicles, the geographical distribution of the air-borne UEs served by the given site are drown on Figure 2 for aerial vehicles altitudes of 200m and 400m. Similar distribution is provided for ground and indoor UEs.
 [image: ]
Figure 2: Geographical distribution of UEs served by given BS  
[bookmark: _GoBack]	It can be seen that the serving eNB can frequently change within the 2D geographical area of the cell, which is different from the conventional UE distribution on the ground and indoor. It can be explained by selective antenna radiation pattern in elevation domain that could provide different antenna gains depending on the elevation direction to the UE. In addition, for the high altitude UEs, the path loss value slowly depends on the distance to the UE and cell association is mainly determined by the eNB antenna radiation pattern to the UE.
	Observation: Cell selection and handover operations can be not robust for high altitude air-borne UEs, especially for deployments with selective antenna pattern in elevation.
	From the above discussion it can be concluded that due to particular properties of radio propagation to high altitude aerial vehicle, significant part of aerial UEs experiencing similar interference conditions as ground and indoor UEs at the cell-edge. We can conclude that inter site distance is too low for aerial UEs at least for UMa AV scenario, effective cell areas are substantially overlapping. This problem is similar to the problem of heterogeneous networks, where cell areas are overlapping. Considering that we can expect significant improvement of interference conditions enabling interference coordination techniques. 
	In order to see how the interference conditions for aerial UEs change with enabling of interference coordination, evaluations of wideband SINR for aerial UEs with different number of active eNBs was conducted in UMa AV scenario with 2 tiers hexagonal deployment. Altitude of aerial vehicles was fixed at 100 m, other evaluation assumptions follows previous evaluations. Limited number of active sites in the network for aerial UEs can be achieved by using technique similar to eICIC, where aerial UEs are forced to be served by certain eNBs, in certain subframe assigned for transmission to aerial UEs, other BS have low transmission activity (e.g. Almost Blank Subframe).
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Figure 3: CDF of wideband SINR of aerial UEs for different number of active sites  
	It can be seen from the above simulation results that lower number of active sites in the deployment positively influences on SINR statistics for aerial vehicles. Similar approach do not provide any benefits for ground and indoor UEs in homogeneous deployment (see Appendix). Evaluated configurations of active sites can be found in the Appendix.
	Observation: Lower number of active eNBs in the deployment positively influences on SINR statistics for aerial vehicles
	Proposal: Consider interference coordination techniques to improve SINR of the aerial UE
Summary 
 	In this contribution we provided preliminary evaluation results for LTE network serving air-borne UE with different altitudes. Based on the evaluation results the following observations were made:
	Observation: SINR for air-borne UEs is typically lower comparing to SINR of ground and indoor UEs, SINR is typically decreased with increasing of altitude of air-borne UEs.
	Observation: Cell selection and handover operations can be not robust for high altitude air-borne UEs, especially for deployments with selective antenna pattern in elevation
	Observation: Lower number of active eNBs in the deployment positively influences on SINR statistics for aerial vehicles
	Based on the above observations following proposal was made:
	Proposal: Consider interference coordination techniques to improve SINR of the aerial UE
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Appendix
	Parameter
	Value

	Scenario
	3D-UMa

	Layout
	Single layer: Macro layer: Hex. Grid
3 or 2 Tiers

	Channel model
	3D UMa, ISD = 500 m
LOS probability = 1 for air-borne UEs

	Carrier frequency
	2 GHz

	Simulation bandwidth
	10 MHz

	UE distribution
	Uniform 20% outdoor (30 km/h), 80% indoor (3 km/h) for indoor and ground UEs
Uniform 100% outdoor (30 km/h), fixed altitude for air-borne UEs

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	TRP association
	RSRP based
Handover margin = 3dB

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees
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Figure 4: CDF of wideband SINR of ground and indoor UEs for different number of active sites  


Figure 5: Configurations of active sites used for evaluations
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