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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 our view on possible solutions for DL interference mitigation for LTE networks serving aerial vehicles like drones. 
Discussion	
Directional UE antenna
	Specific properties of radio propagation to aerial vehicles such as increased LoS probability leads to extensive interference issues for LTE networks serving aerial UEs. In the UL, an aerial UE increases interference level to many neighbouring cells’ UL transmissions. While in the DL case, an aerial UE suffers from significant interference from many neighbouring cells’ signals. 
	Many possible solutions for interference mitigation are under consideration in RAN1. Among them, directional UE antennas may provide certain unique and clear benefits. With optimized directional antenna pattern, directional antennas enhance the power along certain direction while minimizing in other directions. Yet there are certain potential issues need to be carefully studied such as its implication on control channel, beam tracking, and particular constraints related to aerial UE types. 
Benefits of applying directional antennas 
	Directional antenna has the capability to emphasize TX and RX signals along certain narrow directions, while suppresses signals in the remaining directions. This helps support aerial UE’s in LTE in many ways. 
	In UL when a drone transmits towards BS, it can steer the boresight of the antenna towards its serving cell. Signal power within the angular domain not aligned with the main lobe is significantly suppressed. As shown in the following figure, interference power will be consequently reduced in unwanted direction. 
[image: ]
Figure 1: Illustration for applying directional antenna.
In DL when a drone is receiving, it can also utilize directional antenna to suppress unwanted signal from neighboring cells. 
By actively tracking and steering the antenna in wanted direction, interference in both UL and DL will be mitigated naturally. 
Note that the directional antenna can be implemented as a concrete piece of hardware or formed as a virtual one from multiple physical antennas. 
Potential issues with directional antennas
There are several issues need to be studied carefully for the application of directional antennas on a cellular network. 
Considering the typical LTE bands, directional antenna with good pattern design may mean large form factor. The solution may be applicable to certain drones but may not be the case for all drone types. On the other hand, one should notice that antenna miniaturization is an active research direction.
Under directional TX and RX, the antenna needs to carefully track and steer its beam direction. There are different solutions for this depending on what information is available. Study on transparent solutions and whether new signaling from LTE could help are needed. Furthermore, directional RX has implications on control channel and handover in terms of reliability.
Depending on implementations, the antenna patterns may have certain variations. Nevertheless, beam steering may introduce error in terms of how accurately one can track the serving cell. Reasonable modeling assumptions and sensitivity need to be considered.
	Proposal: Study the performance of LTE networks serving aerial vehicles with directional antennas at the aerial UEs.
	Another potential issue of directional UE-side antenna is related to interference detection. One of the possible solutions for the increased interference detection is based on measurements from DL reference signals (e.g. RSRP measurements, CSI measurements). Since different transmit and receive antenna configurations can be implemented at the UE side, in order to avoid inconsistencies between the evaluated level of interference caused by an aerial UE in UL and actual level of interference, solutions to consider different transmit and receive antenna configurations should be further studied. For example, one possible solution assumes signalling of transmit and receive antenna directivity (e.g. ratio of directivities).
FD-MIMO
[bookmark: _GoBack]	Employing multiple antennas at the BS transmitter can sufficiently improve the interference conditions of cellular networks due to use of beamforming technique. Beamforming allows spatial filtering of useful signal by amplification of useful signal for given direction and suppression of interference signals for other directions. 
	According to the SID [1], study of LTE networks serving aerial vehicles should consider Release 14 functionality (i.e. including active antennas and FD-MIMO). The initial evaluation results considering FD-MIMO technology are provided below. The evaluation assumptions follows baseline UMa AV scenario, except antenna configuration at the eNB. BS antenna with (M, N, P) = (8, 4, 2) according to TR36.873 with 16 Tx is assumed for the evaluations. 
Table 1. Evaluation results of UE packet throughput for DL with FD-MIMO technology
	Traffic load (λ)
	0.085
	0.12

	Aerial UE ratio
	Case 1
	Case 5
	Case 1
	Case 5

	UE average packet throughput, Mbps
	Average
	30.24 (0%)
	27.05 (-11%)
	24.29 (0%)
	17.79 (-27%)

	
	5% of CDF
	5.69 (0%)
	6.12 (8%)
	3.64 (0%)
	2.63 (-28%)

	
	50% of CDF
	30.19 (0%)
	24.61 (-18%)
	22.54 (0%)
	13.5 (-40%)

	
	95% of CDF
	55.48 (0%)
	55.41 (0%)
	51.19 (0%)
	46.04 (-10%)

	RU %
	26.04
	26.22
	40.5
	51.64


   
In our company contribution [2], evaluation results for the baseline system without FD-MIMO are provided. Comparing the results with and without FD-MIMO technology, it can be concluded that the degradation of the performance due to support of aerial vehicles is not so critical for systems with FD-MIMO comparing to the systems with two transmit antennas at the eNB.
	Observation: FD-MIMO technology allows to avoid critical performance degradation of LTE networks serving aerial vehicles for DL.
Summary 
The following proposals and observations were made:
	Proposal: Study the performance of LTE networks serving aerial vehicles with directional antennas at the aerial UEs.
	Observation: FD-MIMO technology allows to avoid critical performance degradation of LTE networks serving aerial vehicles for DL.
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Appendix
	Parameter
	Value

	Scenario
	UMa AV

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

	Fast fading model for aerial vehicles
	Fast fading model defined in TR38.901 for outdoor UEs in UMa scenario with modified K-factor (15 dB)

	UE distribution
	Total number of UEs
•	15 UEs per sector
Number of aerial UEs
•	Case 1: 0 aerial UE per sector 
•	Case 5: 5 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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