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1. Introduction
A new Study Item (SI) on “Study on Enhanced Support for Aerial Vehicles” was approved at RAN#75 meeting [1] with the following objectives.
1. Investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to:
0. Verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. 
0. Identify the heights, speeds and densities of lower altitude of aerial vehicles that could be catered for, taking into account the regulation viewpoints [RAN1, RAN2]
0. Channel models:  Select appropriate models applicable to Air-to-ground (ATG) channels. Reusing an existing channel model, if applicable, should be prioritized [RAN1] 
0. In terms of LTE enhancements, the study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]
· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]
· Identification of an air-borne UE that does not have proper certification for connecting to the cellular network while air-borne [RAN2]
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]
In this contribution, we share our views regarding the evaluation scenarios and the related channel modelling for drones.
2. Evaluation scenarios
The objective of this new SI on “Study on Enhanced Support for Aerial Vehicles” is based on the ability investigation of aerial vehicles for LTE to be served by using LTE network with base station antennas targeting terrestrial coverage supporting Rel-14 functionality including active antennas and FD-MIMO as mentioned in [1]. Therefore, in our understanding, the specified evaluation scenarios in this SI can be built on top of the existing evaluation scenarios and simulation assumptions used in 3GPP RAN1 for ‘ground’ users, and must capture in addition aspects specific to the drones (aerial UEs).
Proposal 1: Define the evaluation scenarios which appropriately capture the typical characteristics of typical LTE networks deployments in terms of radio propagation and UE mobility.
Proposal 2: Reuse of the existing evaluation scenarios and corresponding simulation assumptions is to be prioritized.
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Fig. 1 Example for rural network layout (deployment) with typical large 1.8 to 2.8km ISD. The red circles indicate the locations where drone channel measurements have been performed (see Annex A for details).

The use cases of the commercial drones include wildlife conservation, mining planning and exploration, environment protection, search-and-rescue, agriculture application, infrastructure monitoring, package delivery, flying cameras, surveillance, entertainment and so on [11]. Therefore, at least the rural and dense urban scenarios need to be considered in this SI. For example, in a typical rural scenario (from Denmark) as shown in Figure 1, where larger inter-site distances, up to 2.8km are observed, and the number of relevant cells (detectable or interfered by the drone) is higher than the typical 7x3=21 considered in current 3GPP studies. In this scenario, we have identified the drones might suffer stronger DL interference and result in stronger UL interference than the ‘ground’ UEs in the rural scenario [9]. Since the rural scenario is an important scenario for drone applications (for example agriculture monitoring, wildlife conservation, environment protection and so on), this scenario should be considered for performance enhancement of drones in this SI. Naturally, the typical dense urban scenarios should also be part of the evaluation scenarios due to the massive application cases in infrastructure monitoring, entertainment, package delivery and so on.
Proposal 3: Consider rural and dense urban scenarios as the evaluation scenarios for drone communications.
Currently the main requirement is that the UAV should always be controllable by the human operator and within a certain maximum distance and/or visibility geographical range. However, in the near future, UAVs, may become fully or partly autonomous, enabling for instance rescue services, goods delivery, monitoring, etc as analyzed in [8]. Therefore, it is proposed to consider UE speeds up to 300 km/h in rural scenarios for the drones.
Proposal 4:  Consider UE speeds up to 300 km/h in rural scenarios for the drones. 
In the case of dense urban scenarios, it is important to note that UEs in drones and in ‘ground’ UEs inside high-rise buildings might be at the same heights from the ground (and relative to eNB heights), therefore the UE mobility and UE distribution for these two types of UEs would be the differentiator factors. Moreover, the allowed maximal UE speed in the dense urban scenarios might be lower than the allowed maximal UE speed in the rural scenarios with the consideration of the flight safety.
Proposal 5: Reuse the existing simulation assumptions in dense urban scenarios with the additional considerations specific to the drones:  UE speed of 50 km/h and uniform spatial UE distribution. 
A common observation for both rural and dense urban scenarios, is that the antenna radiation characteristics in terms of azimuth and elevation radiation patterns and orientation angles - including beamforming and FD-MIMO capabilities [6] - play crucial role in the radio signal coverage/availability at the possible aerial UE locations. This is because e.g. a typical rural cellular network deployment is highly optimised for ‘ground’ coverage thus, the radio coverage in the air is less controlled. In the dense urban deployments, the cell coverage is typically planned for the higher UE locations, but only for indoor and stationary UEs in high-rise buildings. This situation can change in future network deployments where aerial vehicles and drones are explicitly considered when optimising the network coverage and capacity.
Observation 1: Antenna radiation characteristics in terms of azimuth and elevation radiation patterns and orientation angles - including beamforming and FD-MIMO capabilities - play crucial role in the radio signal coverage/availability at the possible aerial UE locations.
3. Channel modelling 
The propagation models for drones need to be specified for rural macro, urban macro and urban micro cell deployments, similar to TR 36.873 [4] and based on TR 36.814 [5]. The base station and UE antenna modelling specified in TR 36.873 [4] shall be reused.
The 3D channel models specified in TR 36.873 [4] for outdoor UEs shall be reused, but the validity range for the UE heights needs to be extended to cover drone locations. E.g., in the current UMa models UE heights up to 22.5m are specified only. This is clearly insufficient for drone channel modelling purposes.  Earlier studies reported in [2] did not actually disclose any significant height dependency of the path loss model towards the serving cell. This is, however, due to the small-scale nature of the experiments and the relatively small number of cells detected by the measurement setup (LTE smartphone with custom measurement firmware). In more recent experiments (see Annex A) performed with more appropriate measurement equipment setup (radio scanner) the height dependency of the channel model was clearly identified. Based on these discussions and observation in Section 2, it is evident that a 3D UE height dependent channel model will be required for drones, at least in terms of path loss and slow fading (shadowing). 
Proposal 6: The channel model for drones should include a UE height dependent components at least for modelling the path loss. Fast fading and slow fading (shadowing) can also be considered as height dependent.
We exemplify this aspect with path loss measurements at 800 MHz performed in the area shown in Figure 1, as shown in Figure 2. The Figure 2 shows two sets of measurement points (circles) and the corresponding estimated median path loss models vs. distance: one at typical ‘ground’ UE height of 1.5m (blue), and a second at drone height of 120m (red). The median path loss models presented are the classical AB-model: alpha-beta model (beta + 10*alpha*log10(d) [dB] ) [10]. Based on this results the path loss exponent, alpha has to be modelled as a UE height (Hue) dependent function i.e. alpha = fnc(Hue), where the dependency fnc() need to be determined based on experimental data.
It has been reported in several studies that an airborne UE was determined to detect a larger number of eNBs compared to typical ‘ground’ UEs [2][3]. Further, the signal strengths from several the detected cells was determined to be follow almost free space propagation (LOS or almost-LOS) [2].
Proposal 7: The channel model for both rural and urban scenarios should include a UE height dependent statistical LOS probability model (similar to current 3GPP RAN WG1 model) to be applied for serving cell and all interfering cells.
While the statistical modelling of LOS probability is nothing new and existing 3GPP and ITU-R models capture this [4], in case of drones it becomes even more important due the extended set of possible locations of UE with respect to the eNB transmission point. This observation is valid for both rural and urban scenarios. As an example, for this observation, we show in Figure 3 the measured terrain profile, an eNB antenna location and two UAV height locations [2].
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Fig. 2 Measured mean path loss and estimated path loss model for UE heights of 1.5m (“ground” UE) and 120m (drone UE). See Annex A for details.




Fig. 3 Example LOS conditions for a cell and two drone locations determined by the terrain profile [2].


4. Conclusions
In this contribution, we give our views on evaluation scenarios and channel modelling aspects for drones:
Table 1 summarizes our main proposals.
Proposal 1: Define the evaluation scenarios which appropriately capture the typical characteristics of typical LTE networks deployments in terms of radio propagation and UE mobility.
Proposal 2: Reuse of the existing evaluation scenarios and corresponding simulation assumptions is to be prioritized.
Proposal 3: Consider rural and dense urban scenarios as the evaluation scenarios for drone communications.
Proposal 4:  Consider UE speeds up to 300 km/h in rural scenarios for the drones. 
Proposal 5: Reuse the existing simulation assumptions in dense urban scenarios with the additional considerations specific to the drones:  UE speed of 50 km/h and uniform spatial UE distribution. 
Observation 1: Antenna radiation characteristics in terms of azimuth and elevation radiation patterns and orientation angles - including beamforming and FD-MIMO capabilities - play crucial role in the radio signal coverage/availability at the possible aerial UE locations.
Proposal 6: The channel model for drones should include a UE height dependent components at least for modelling the path loss. Fast fading and slow fading (shadowing) can also be considered as height dependent.
[bookmark: _GoBack]Proposal 7: The channel model for both rural and urban scenarios should include a UE height dependent statistical LOS probability model (similar to current 3GPP RAN WG1 model) to be applied for serving cell and all interfering cells.
Table 1 - Summary the main proposals on evaluation scenarios and channel models for drones.
	
	Rural scenario
	Dense Urban scenario

	Network layout
	Hexagonal (macro 3-sector per site and wrap-around) [TR36.814]
	Hexagonal (macro 3-sector per site, small-cell 1-sector omni and wrap-around) [TR.36.814] [TR36.872]

	Inter-site distance
	[3000] m
	Macro cell: [200] m 
Small cell: Random 

	Number of cells
	57 macro cells 
	21 macro cells 

	eNB antenna
	3GPP 3-sector (3-D) [TR36.873] [TR36.897]
	3GPP 3-sector and 1-sector omni (3-D) [TR36.873] [TR36.897] [TR36.872]

	UE antenna
	Min. 2RX- 2TX
	Min. 2RX- 2TX

	Drone UE speed
	Up to [300] km/h
	[50] km/h

	Drone UE distribution
	[20m to 500m] Uniform 3-D between minimum and maximum heights
	[20m to 500m] Uniform 3-D between minimum and maximum heights

	Carrier frequency
	[800, 1800] MHz
(below 6 GHz)
	[800, 2600] MHz 
(below 6 GHz)

	Carrier bandwidth
	[10] MHz
	[10] MHz

	Path-loss model
	UE height dependent path loss exponent e.g., see Annex A.
	FFS

	LOS probability
	UE height dependent e.g., see Annex A.
	FFS


References
1. RP-170779, “Study on Enhanced Support for Aerial Vehicles”, Dubrovnik, Croatia, March 6 - 9, 2017.
1. R. Amorim, P. Mogensen, T. B. Sørensen, I. Z. Kovács, J. Wigard. , “Pathloss Measurements and Modeling for UAVs Connected to Cellular Networks”, accepted for publication in IEEE VTC Spring 2017.
1. Qualcomm Technologies Inc., “Leading the World to 5G: Evolving Cellular Technologies for Safer Drone Operation”, Presentation material, September 2016.
1. 3GPP TR 36.873, “Study on 3D Channel Model for LTE”, December 2016. 
1. 3GPP TR 36.814, “Further Advancements for E-UTRA Physical Layer Aspects”, December 2016. 
1. 3GPP TR 36.897, “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, July 2015.
1. 3GPP TR 36.872, “Small Cell Enhancements for E-UTRA and E-UTRAN - Physical Layer Aspects”, December 2013.
1. R1-1704429, “Requirements of Connectivity Services for Drones”, 3GPP TSG RAN WG1 Meeting #88bis, Spokane, USA, April 3rd – 7th 2017.
1. R1-1704431, “Interference Mitigation Aspects for Drone Connectivity”, 3GPP TSG RAN WG1 Meeting #88bis, Spokane, USA, April 3rd – 7th 2017.
1. S. Sun, T. A. Thomas, T. S. Rappaport, H. Nguyen, I. Z. Kovács, and I. Rodriguez, “Path Loss, Shadow Fading, and Line-of-Sight Probability Models for 5G Urban Macro-Cellular Scenarios,” in 2015 IEEE Globecom Workshops, December 2015, pp. 1–7.
1. Price Water Coopers, “Clarity from Above: PwC Global Report on The Commercial Applications of Drone Technology”, May 2016.
1. Rohde & Schwarz, Mobile Network Testing, “R&S TSMA Autonomous Mobile Network Scanner”, June 2016.
Annex A
This section describes the recent rural radio propagation measurements performed by using a drone and an existing LTE network operating at 800MHz carrier frequency. The measurement setup is summarized in Table A.1 with the measurement scenario described in Figure 1. Figure 2 shows an example of the collected data and the extracted path loss model, and Figure A. 1 shows the estimated height dependencies for the path loss exponent parameter in the AB-model.

Table A.1  Drone radio channel measurement setup.
	Setup information
	Value

	Radio scanner equipment
	R&S TSMA [12]

	Technology
	LTE

	Frequency Band (MHz)
	800

	Drone Height (m)
	1.3
	15
	30
	60
	120

	Sampling Rate (Hz)
	8.9
	9.3
	6.1
	6.1
	3.7

	RSRP Sensitivity (dBm)
	-137
	-110
	-102.7
	-100.2
	-98.1

	Avg. Detected Cells
	5
	7
	9
	13
	20
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Fig. A.1 Estimated drone UE height dependencies for the path loss exponent parameter of the AB-model.
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