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1. Introduction
In RAN1#88bis meeting, the following agreements on channel modelling for aerial vehicles were achieved.
Agreement:
· For channel modelling of Aerial UEs, at least the following can be different from the terrestrial UEs
· Pathloss, shadowing, LOS probability and fast fading
[bookmark: _GoBack]A high-level guidance on determining the channel models for aerial vehicles was also provided including three identified approaches. In this contribution, we further discuss the channel models for considerations in aerial vehicles study.
2. Discussion
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 field 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 1-2 below shows these path loss samples as a function of distance from the drone to cell. Bands 2 (PCS, 1900MHz) and 17 (700MHz) are plotted separately. The left plot corresponds to samples from the serving cell, and the right 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. The data were collected from the field measurement on an urban environment. Note that due to measuring the pathloss using commercial base stations and antennas there may be some calibration errors in the figures below (for example, many points showing less pathloss than free-space)

[image: ]		[image: ]
[bookmark: _Ref473556262]Figure 1 Path loss as a function of distance (Band 2 / PCS, 1900MHz)
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Figure 2 Path loss as a function of distance (Band 17 / 700MHz)
From the above results we could have the following observations.
Observation 1: At least for airborne UEs above 30m the pathloss is not dependent on the height.
Observation 2: For airborne UEs at high altitude, the pathloss can be approximated by a free-space propagation model (exponent value of 2.0).
Therefore, based on the above results it can be concluded that the free space model (exponent 2.0) is a viable model to use for airborne vehicles in simulations. Here the free space model is,

				
 (2)
with d being distance in meters, f frequency in Hz, and c speed of light in m/s. 
There were some proposals to reuse or update the existing channel models in [2] for supporting aerial UEs at high altitude. The pathloss for LoS in UMa and RMa in [2] is computed by two equations, one for the 2D distance lower than the breakpoint distance and another otherwise. The details of the spec are copied in the appendix. For UMa, the breakpoint distance is determined by dBP = 4 (hBS – hE) (hUT – hE) fc/c where hE is the effective environment height with a probability chosen from {1, 12, 15, 18, 21} and the breakpoint distance for RMa is not dependent on the environment height and defined by dBP = 2π hBS hUT fc/c.
In Figure 3 we plot the pathloss as a function of the distance to the cell by using different equations for UE height of 30m and 150m in UMa where PL1 indicates the pathloss using the first equation and PL2 is based on the second equation with a specific breakpoint. It can be seen the pathloss for the distance lower than the breaking point distance is very close to that using the free space model. The maximum difference is only about 2-3 dB. For the pathloss using the second equation, for large breakpoint distance the calculated pathloss is even lower than that of the free space model. When the effective environment height is increased to 24m, the breakpoint distance is reduced to 160m and the pathloss is almost 30dB higher than that using the free space model for UE height of 30m. Therefore, it seems that the pathloss using the second equation is highly dependent on the selection of the breakpoint distance and may underestimate or overestimate the pathloss.
The similar comparison for RMa is shown in Figure 4. It can be seen the pathloss based on the second equation can be up to 180dB for UE height of 150m much higher than that of UMa. This is contradictory since there are less obstacles in RMa and it is expected that the pathloss shall be no larger than the UMa. 
[image: ] [image: ]
Figure 3 Path loss comparison (UMa, LoS, 2GHz)
[image: ] [image: ]
Figure 4 Path loss comparison (RMa, LoS, 700MHz)
Based on the field measurement data and simulation analysis, we propose to consider to use the free space model for aerial UEs at high altitude. For aerial UE flying at low altitude, such as below eNB antenna the existing pathloss model can be used, which may imply the potential NLoS link from eNB to the aerial UE.
Proposal 1: Consider a free-space propagation model (exponent value of 2.0) for the path loss calculation for aerial UEs with at least an altitude of X meter AGL (above ground level). X is in the range of [10-30] meters and may be dependent on the scenario.
Since the aerial 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 a channel with strong LOS component and no shadowing.
Proposal 2: Consider no shadowing for performance evaluation of aerial UEs.
3. 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 aerial UEs with at least an altitude of X meter AGL (above ground level). X is in the range of [10-30] meters and may be dependent on the scenario.
Proposal 2: Consider no shadowing for performance evaluation of aerial UEs.
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Appendix
Table 7.4.1-1: Pathloss models in TR 38.901
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	RMa
	LOS
	
, see note 5





	








	







h = avg. building height
W = avg. street width
The applicability ranges: 
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	LOS
	
, see note 1
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Explanations: see note 3
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