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1. Introduction
Cellular connectivity will be key for coordinated operation and control of Unmanned Aerial Vehicles, more commonly referred to as drones, enabling a growing set of use cases within and beyond the operator’s visual line of sight. In this contribution, we discuss the channel and antenna models for considerations in aerial vehicles study.
2. Path loss Modelling
One of the principal contributors to the different performance of the network for drones is the propagation differences at altitude relative to ground. To understand this, we took some measurements using airborne drone UE’s. Since line-of-sight is assured in such deployments, path loss is understood to be only due to the over-the-air contribution without the effect of cell and drone antenna gain patterns. TPL or total path loss is the term used here when antenna effects are included. We use RS transmit power minus RSRP as the TPL (including antenna effects). Thus, to study the over-the-air portion, it is necessary to estimate the antenna gain at both the transmitter and receiver and eliminate these from the total path loss measured.

		
 (1)
where
	 = total DL maximum transmit power for the cell
	 = transmission bandwidth for the cell in RBs (eg. 50 for 10 MHz)
	 = the measured RSRP at the device from this cell
	 = antenna gain at the drone
	 = antenna gain at the cell
and
	 corresponds to the fraction of transmit power loaded on reference signals

Antenna gains are obtained assuming a line-of-sight path from the cell antenna to the drone. This requires the relative positions of the cell and the drone to be known always, and the orientation (or attitude) of both the drone and the cell antennas are known in the global frame. Drone position and orientation (pitch, roll, and heading) are measured from the onboard flight controller, and cell antenna location and orientation (azimuth and down tilt) are known from a cell site database.
The drone antenna pattern for each band was measured in an antenna chamber using the fully integrated drone package, and the base station cell antenna gain patterns are obtained from manufacturer published patterns. We used unique patterns for each antenna type, frequency band, and electrical down tilt values in our studies.
Results obtained using this technique are by nature approximate. We are using cell antenna patterns obtained during manufacturer testing in controlled environments, while the field measurements are obtained using antennas mounted in many different configurations and on different types of structures. The installed antenna patterns will be impacted by each installation. Further, direct line-of-sight is used for looking up the antenna gains, however reflected signals can have an important contribution to total power detected, especially for ground tests. Nevertheless, the analysis making these significant approximations is presented here as it still gives insight into the differences between propagation at different altitudes.
Figure 2 shows these path loss samples as a function of distance from the drone to cell, for studies undertaken at Band 2 (PCS). The first plot corresponds to samples from the serving cell, and the second plot adds neighbouring cell samples. In addition to the sample point, analytical path loss models with exponent 2.0 and 4.0 are shown for reference given that those slopes are commonly used for free space and ground models respectively.
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[bookmark: _Ref473556262]Figure 2 Path loss as a function of distance (Band 2 / PCS)

One use of this type of analysis is guiding the path loss models for simulations. These results indicate the free space model (exponent 2.0) is a viable model to use for airborne vehicles in simulations. Here the free space model is,

				
 (3)
with d being distance in meters, f frequency in Hz, and c speed of light in m/s. Note that due to measuring the pathloss using commercial base stations and antennas there may be some calibration errors in the figures above (for example, many points showing less pathloss than free-space)
Proposal 1: Consider a free-space propagation model (exponent value of 2.0) for the path loss calculation for airborne UEs.
Since the airborne UEs are going to experience a strong line of sight component (especially for heights that are large with respect to the terrain and the base station antenna height), the natural modelling of this propagation scenario is by resorting to an AWGN channel (or a similar channel with strong LOS component) and no shadowing.
Proposal 2: Consider AWGN channel + no shadowing + free space propagation for performance evaluation of airborne UEs.
3. Process of Generating 3D Antenna Pattern
In this section, we give a brief description to generating 3D antenna gain (attenuation) patterns for the eNBs by performing interpolations from the corresponding horizontal and a vertical polar gain tables as follows,
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The first step in the interpolation process involves specifying the antenna model, and the desired electrical tilts. The data sheet from the manufacturer will typically provide the corresponding 2-D antenna patters against these requirements. A corresponding 3-D pattern can then be obtained by following a given interpolation pattern.
We explain this process using illustrations in interpolating a 3-D antenna pattern for an omni antenna in the Appendix. Since drone UEs are much more likely to be served by sidelobes of the main antenna (due to the antennas pointing downwards), the correct modelling of the 3D antenna pattern is important to assess the performance of drone UEs.
Proposal 3: Adopt a 3-D antenna pattern based on realistic antennas in the study of UAV system performance.



4. Conclusion
In this contribution, we made the following proposals.
Proposal 1: Consider a free-space propagation model (exponent value of 2.0) for the path loss calculation for airborne UEs.
Proposal 2: Consider AWGN channel + no shadowing + free space propagation for performance evaluation of airborne UEs.
Proposal 3: Adopt a 3-D antenna pattern based on realistic antennas in the study of UAV system performance.
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Appendix
In this appendix, we explain the stages involved in the creation of a 3-D antenna pattern from the corresponding horizontal and vertical patterns. The initial part illustrates how the 3D pattern of a typical omni antenna can be constructed. At the end, we also give the final 3-D pattern of a typical sectored antenna.
Omni Antenna

Figures 4 and 5 correspond to the horizontal and vertical pattern provided by the antenna manufacturer.
	Figure 4. Original Horizontal Pattern
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	Figure 5. Original Vertical Pattern
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Figures 6, 7 and 8 correspond to the interpolated patterns.
Figure 6. 3D Interpolated
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Figure 7. 3D Side View
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Figure 8. 3D Top View
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Sectored Antenna

Using the above procedure, we characterized the 3-D structure of a sectored antenna. The final structure is given for reference.


Figure 9. 3D Interpolated sectored antenna
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