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Introduction
According to the SID [1], one objective of the SI on enhanced support for aerial vehicles implies that in terms of LTE enhancements RAN1 should consider interference mitigation solutions for improving system-level performance in both UL and DL.
In this contribution, we provide general views on possible schemes for interference coordination and mitigation for LTE networks serving aerial vehicles like drones. 
Discussion	
[bookmark: _GoBack]	At an altitude much higher than ground UEs, drones are expected to cause more interference to eNBs in uplink than ground UEs do. At the same time, drones may suffer from more interference in their downlink due to the fact that more eNBs can be observed in the air than on the ground. To illustrate the issue of increased interference of aerial UEs, evaluation results of the wideband SINR distribution for aerial vehicles in the UMa-AV scenario are provided below for different number of aerial UEs per sector with fixed total number of UEs. The SINR distribution for the case when all UEs are aerial vehicles (no terrestrial UEs) is provided for reference as a special case. The details of the evaluation assumptions can be found in the Appendix of this contribution.
[image: ]
Figure 1: CDF of DL wideband SINR for different UE distributions  
From the above figure it can be seen that increasing the number of aerial UEs per cell results in lower SINR values. This phenomenon can be explained by the fact that LTE deployments are not optimized to serve aerial vehicles: the inter-site distances are relatively low, and thus aerial vehicles in most cases experience even worse interference conditions than cell-edge terrestrial UEs. 
To improve the interference conditions of aerial UEs, interference coordination or mitigation can be considered. Since inter-cell interference coordination and mitigation is not a new item for LTE, RAN1 should study the possibility of applying existing interference coordination and mitigation solutions to improve the interference conditions for LTE networks serving aerial vehicles. For that purpose inter-cell interference coordination (ICIC and eICIC) and coordinated multi-point (CoMP) solutions can be considered.
Proposal 1: Study the possibility of applying Inter-Cell Interference Coordination (ICIC and eICIC) and Coordinated Multi-Point (CoMP) solutions to improve the interference conditions of LTE networks serving aerial vehicles.
Uplink interference coordination solutions
	To mitigate impact of strong interference generated by aerial UEs in the uplink, joint scheduling across multiple cells should be investigated first. The impacted cells may jointly schedule UL transmissions to minimize the negative impact of aerial vehicles to uplink transmission of other UEs. For that purpose ICIC or CoMP coordinated scheduling can be considered. Furthermore, in the case of FD-MIMO with an antenna array at the eNB, coordinated beamforming and nulling should also be considered in combination with joint scheduling to facilitate separation in spatial domain. Given that most wireless channels from drones to eNBs are expected to be LoS, scheduling of multiple drones within the same set of time-frequency resources, applying MU-MIMO spatial multiplexing with or without cross-cell joint reception, could possibly provide sufficient performance improvement, minimizing the impact on terrestrial UE transmission. Thus, the impact of spatial multiplexing of the transmission from multiple aerial UEs with interference coordination should be further investigated. 
	One important feature of the LTE uplink that can be considered to improve the interference conditions is power control. Optimization of power control related parameters in order to minimize interference from aerial vehicles to the uplink transmission of terrestrial UEs can possibly avoid the degradation of the network performance. 
Proposal 2: Study ICIC and CoMP CS/CB in combination with MU-MIMO and/or CoMP joint reception to improve UL interference conditions of LTE networks serving aerial vehicles. Optimization of power control for aerial vehicles to minimize the impact on terrestrial UE UL transmission should be considered. 
Downlink interference coordination solutions
	From the above discussion it can be concluded that due to the particular properties of radio propagation of aerial vehicles, a significant portion of aerial UEs experience similar or even lower SINR values than terrestrial outdoor and indoor UEs at the cell-edge. One of the major reasons may be that the inter-site distance is not optimized for serving aerial UEs, and thus the effective cell areas substantially overlap. This problem is similar to the problem of heterogeneous networks where the cell areas of micro and macro cells overlap. In order to solve such issue for heterogeneous networks, time domain ICIC (eICIC) was introduced. In order to improve the SINR statistics for aerial UEs, a similar approach can be applied for macro cells. 
	In addition to eICIC, LTE supports such features as CoMP CS/CB and DPB in order to coordinate the transmission of multiple cells. Especially for the case of FD-MIMO antennas at the eNB, CS/CB CoMP can achieve superior gains comparing to the case of beamforming without coordination since transmission to aerial and terrestrial UEs use different beams in the elevation domain.
Proposal 3: Study eICIC, CoMP CS/CB and DPB in combination with FD-MIMO technology to improve interference conditions for DL transmission to aerial UEs.
Summary 
 	In this contribution we discuss interference mitigation solutions for improving the system-level performance in both UL and DL. Based on the above discussion the following proposals were made:
Proposal 1: Study the possibility of applying Inter-Cell Interference Coordination (ICIC and eICIC) and Coordinated Multi-Point (CoMP) solutions to improve the interference conditions of LTE networks serving aerial vehicles.
Proposal 2: Study ICIC and CoMP CS/CB in combination with MU-MIMO and/or joint reception to improve UL interference conditions of LTE networks serving aerial vehicles. Optimization of power control for aerial vehicles to minimize the impact on terrestrial UE UL transmission should be considered. 
Proposal 3: Study eICIC and CoMP CS/CB and DPB in combination with FD-MIMO technology to improve interference conditions for DL transmission to aerial UEs.
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Appendix
	Parameter
	Value

	Scenario
	UMa-AV

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

	Channel model
	According to UMa-AV [2] without fast-fading

	Carrier frequency
	2 GHz

	Simulation bandwidth
	10 MHz

	UE distribution
	According to [2].
Total number of UEs
•	15 UEs per sector
Number of aerial UEs
•	Case 1: 0 aerial UE per sector for reference
•	Case 2: 1 aerial UE per 10 sectors
•	Case 3: 1 aerial UE per sector
•	Case 4: 3 aerial UEs per sector
•	Case 5: 5 aerial UEs per sector
•	No terrestrial UEs: 15 aerial UEs per sector

	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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