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1 Introduction
At RAN#75 an SI on Enhanced Support for Aerial Vehicles was approved [1].  It is very important and necessary to investigate the ability for existing LTE networks to serve aerial vehicles, such as verification of coverage hole as well as uplink and downlink aerial interferences. Some field measurements are needed to dimension the current cellular network for supporting drones. In [2] an experimental drone trial in an airfield near a marine port of Japan is implemented, and the drone can fly up to 100m. The number of handover failures and the number of detected neighbor cells are studied.
In the chairman’s notes of RAN1#88bis, it was agreed that three deployment scenarios should be considered, which is UMi, UMa and RMa, and the aerial UT height is between 1.5m and 150m.  In this contribution, we present our field measurement results to further identify problems in using LTE cellular network for drones.
2 Methods of field measurement
A normal LTE UE with a test program is set in a drone, and we controlled the drone through Wi-Fi link to fly in different places and at different altitudes. The data associated with the testing parameters were transmitted to a server, and the data was analyzed afterwards offline.
Three drone trial scenarios in a Chinese city were selected to meet the requirements of UMi, UMa and RMa, and there are listed as follows. The carrier frequency of the LTE network is 2.6GHz.
Table 1. Drone trial scenarios
	Scenario

characteristics     
	stadium
	Office area
	rural

	BS deployment
	ISD 180m, densely distributed
	ISD 400m,  less densely distributed
	ISD 2000m,  sparsely distributed


	Surrounding environments
	Dense buildings
	Low and less  dense buildings 
	Wide area, and in between with sea and a hill


Several horizontal, vertical and circle flight routes are implemented, and the vertical height in some scenarios are up to 200m.
3 Results of field measurement

3.1 Impacts of Drone height on coverage

When the drones fly below or above the eNB, the propagation environment can change with the altitude. With the drones’ height increasing, the channels between the base stations (both the serving and neighbor BSs) and drones become LOS dominant. Meanwhile, since today’s cellular networks are optimized for terrestrial communications, the antennas are usually down tilted, and there may exist weak coverage at high altitude. In practice, due to the difference in surrounding environments and BS heights, the coverage (as a function of drone altitude) is different in different scenarios. 
For the UMi scenario, see Fig. 1, both the SINR and the RSRP first increase with drone’s height, and reaches the maximum at 15m, which is more or less the BS height. The SINR then decreases all through and reaches 0dB at 120m, while the RSRP decreases until the drone height is 60m, and then keeps stationary.  

For the UMa scenario, see Fig. 2, the SINR decreases all through with drone’s height, while the RSRP varies around -72dBm. The reason for this phenomenon is that the inter-cell interference increases as the height increases.
For the RMa scenario, see Fig.3, both the SINR and the RSRP seem good and stable, because the surrounding BSs are set on top of hills. The vertical variation of 200m shows no big difference, but we can see more glitches, resulting from trees shadowing.
Observation 1: Current LTE incurs weak coverage at high altitude, resulting from both weak aerial signal and deteriorative interference.
Proposal 1: Possible coverage enhancement at high altitude should be introduced considering the impacts of both weak aerial signal and deteriorative interference.
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Figure 1 UMi--Impacts of Drone height on coverage
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Figure 2 UMa--Impacts of Drone height on coverage
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Figure 3 RMa--Impacts of Drone height on coverage
3.2 Number of detected neighbor cells

It was expected that the number of detected neighbor cells should increase with the drones’ height since there are no or few obstacles at high altitude, and this could be verified at most cases in vertical flight.
 Moreover, we analyzed the number of neighbor cells at different 3D locations, and found that it varied violently with the vertical altitude. Meanwhile, the number of neighbor cells seems not always much more at higher altitude, because that the horizontal positions have an impact.
Observation 2: The number of detected neighbor cells is varying violently with the vertical altitude and seems not always to increase at higher altitude if the drone also flies at horizontal plane.
Proposal 2: Possible interference mitigation and handover enhancement schemes may consider the varying number of detected neighbor cells.
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Figure 4(a) UMi--Number of detected neighbor cells from a fixed position at ground
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Figure 4(b) UMi--Number of detected neighbor cells during the flight measurement
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Figure 5(a) UMa--Number of detected neighbor cells from a fixed position at ground
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Figure 5(b) UMa--Number of detected neighbor cells during the flight measurement
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Figure 6(a) RMa-- Number of detected neighbor cells from a fixed position at ground
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Figure 6(b) RMa-- Number of detected neighbor cells during the flight measurement
3.3 Low altitude three-dimensional coverage

Here we show the 3D coverage based on SINR and RSRP at low altitude. We can see that even at the same altitude, the coverage is different with respect to different horizontal location, which means there do exist some coverage holes. The difference between performance of SINR and RSRP in each scenario shows that the interference is different at different location, especially at high altitude. The current cellular network can hardly support drones at high altitude, and the SINR is usually around or below 0dB. 
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Figure 7 UMi--Low altitude three-dimensional coverage
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Figure 8 UMa--Low altitude three-dimensional coverage
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Figure 9 RMa--Low altitude three-dimensional coverage
Observation 3: There may exist some coverage holes in the current cellular network, and the SINR is usually around or below 0dB at high altitude.
Proposal 3: Potential schemes should be considered to address the coverage holes and enhance the performance at high altitude.
4 Conclusion
In this contribution, we present our field measurements to further identify problems for using LTE cellular network for drones, and make the following observations and proposals.

Observation 1: Current LTE incurs weak coverage at high altitude, resulting from both weak aerial signal and deteriorative interference.
Observation 2: The number of detected neighbor cells is varying violently with the vertical altitude and seems not always to increase at higher altitude if the drone also flies at horizontal plane.
Observation 3: There may exist some coverage holes in the current cellular network, and the SINR is usually around or below 0dB at high altitude.
Proposal 1: Possible coverage enhancement at high altitude should be introduced considering the impacts of both weak aerial signal and deteriorative interference.
Proposal 2: Possible interference mitigation and handover enhancement schemes may consider the varying number of detected neighbor cells.
Proposal 3: Potential schemes should be considered to address the coverage holes and enhance the performance at high altitude.
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