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[bookmark: DocumentFor]Introduction
There will be great benefit and promising business opportunity when the aerial vehicles are connected to cellular networks. An SID on enhanced LTE support for aerial vehicles has been approved in RAN#75 [1]. The main objective is to evaluate whether the current LTE network deployment, with BS antennas targeting terrestrial coverage and possibly with certain enhancement, is suitable for serving the aerial vehicles, especially for the low altitude aerial vehicles such as drones.
In this contribution, we will present some preliminary results of the coverage analysis and general considerations on the channel model for aerial vehicles.
Coverage analysis of aerial vehicles served by LTE network deployment
The current LTE network is mainly designed for terrestrial coverage including high-rise buildings. In order to evaluate the ability of LTE network support for aerial vehicles, we need to first investigate the coverage of LTE network at different UE height. 
System-level simulation is used to evaluate the coverage of aerial vehicles at different height levels. The simulation assumptions are listed in Table A.1, for 3D-UMi and 3D-UMa, respectively. Most of the attributes are referred to TS 36.873 [2], i.e. taking into account the scenarios for UE specific elevation beamforming and FD-MIMO. We focus on downlink in the preliminary coverage evaluations. It should be noticed that, in order to represent the characteristics of aerial vehicles, all the UE are assigned as outdoor UEs. And the links between BS and UEs are assumed to be Line-of-Sight (LoS) only with the following reasons:
· It can be imagined that most of the propagation links will be in LoS or quasi-LoS condition when both BS and UE antennas are located higher than most of the buildings; 
· There are some limitations on the UE height when calculating the path loss based on the 3D channel model in TR36.873, especially for the NLoS cases, which will be discussed in detail in Section 3. 
Figure 1 shows the CDF of the coupling loss when the UE is located at different altitude levels. It can be found that for the 20m UE height, the coupling loss is quite similar as that of 1.5m height both for UMa and UMi cases. As the height increases, the coupling loss increases accordingly, due to the longer propagation distance and side-lobe radiation pattern, as shown in Figure 3. The main differences between two scenarios are the inter-site distance and the height of BS. Since all the links are set as LoS, the received power will be considerably over the noise figure, and the SNR from the served cell is still acceptable even when the UE’s height is 200m.
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(a) 3D-Uma 					   (b) 3D-UMi
[bookmark: _Ref477508324]Figure 1 CDF of coupling loss at different UE height for (a) 3D-Uma and (b) 3D-UMi scenario.
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(a) 3D-Uma 					   (b) 3D-UMi
[bookmark: _Ref477509562]Figure 2 CDF of SIR at different UE height for (a) 3D-Uma and (b) 3D-Umi scenario.

Figure 2 represents the SIR distribution for different UE heights, it is clearly observed that all of the UEs beyond 100m altitude have the SIR lower than 0 dB for UMa and -5 dB for UMi. This is due to the fact that the sector topology of LTE network is mainly optimized towards the terrestrial coverage. The interference in the air however is not controllable, since in such case the propagation links from the serving cell and interfering cell to UE are usually not within the main-lobe of the radiation pattern of BS antenna/antenna array. As show in Figure 3, the difference on LoS path loss is around 6 dB if the travelling distance from the neighbouring cell () is as twice as that from the serving cell (), which may be easily compensated by the difference of radiation gain since the elevation angles of interference signals are closer to the main-lobe of the antenna pattern, i.e. antenna gain of interference signal  is usually larger than that of desired signal . Therefore the received signal power and the interference power can be comparable, i.e..


[bookmark: _Ref477531167]Figure 3 Illustration of signal vs. interference for the LTE supported aerial vehicles
Observation 1: Although the DL coverage may not be a problem for the aerial vehicles supported by LTE network, most of the UEs are in poor SIR due to significant inter-cell interferences.
Considerations on the channel model for aerial vehicles
Path loss model
The path loss (PL) model used for the evaluation of UE specific elevation beamforming and FD-MIMO are listed in Table 1. Following problem can be identified if this channel model is going to be used for the evaluation of aerial vehicles.
1) The supported UE height of the PL formulae is up to 22.5m, which is apparently not suitable for the aerial vehicles.
2) For the NLoS cases, the higher the UE is, the lower the PL achieves. This may always be true for the UEs placed lower than the BS and the surrounding buildings, since the local scatterers of higher UEs are usually less than those of lower UEs. However for the aerial vehicles around which there are few local scatterers, the PL may not decrease monotonously when the height of UE increases.
3) The standard deviation of shadowing fading may not be applicable for the scenario targeting aerial vehicles, due to the fact that, there are few local scatterers at the UE side and less variation of buildings/obstacles between the BS and UE.
It should be noticed that the same problems also exist in the NR new channel model TR 38.901 [3]. 
[bookmark: _Ref477951014][bookmark: _Ref477514133]Table 1 Path loss model for 3D-UMa and 3D-UMi
	Scenario
	Pathloss [dB], fc is in GHz and distance is in meters
	Shadow 
fading 
std [dB]7)
	Applicability range, 
antenna height 
default values 

	3D-UMi LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc)

PL = 40log10(d3D)+28.0+20log10(fc) –9log10((d'BP)2+(hBS - hUT)2)
	σSF=3

 σSF =3
	10m < d2D < d'BP

d'BP < d2D < 5000m
hBS = 10m, 1.5m ≦ hUT≦ 22.5m

	3D-UMi NLOS
	For hexagonal cell layout:
PL = max(PL3D-UMi-NLOS, PL3D-UMi-LOS),
PL3D-UMi-NLOS = 36.7log10(d3D) + 22.7 + 26log10(fc) – 0.3(hUT - 1.5)
	σSF =4
	10 m < d2D < 2000m
hBS = 10m
1.5m ≦ hUT≦ 22.5m

	3D-UMa LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc)

PL = 40log10(d3D)+28.0+20log10(fc) –9log10((d'BP)2+(hBS - hUT)2)
	σSF =4

σSF =4
	10m < d2D < d'BP
d'BP < d2D < 5000m
hBS = 25m, 1.5m ≦ hUT ≦ 22.5m 

	3D-UMa NLOS
	PL = max(PL3D-UMa-NLOS, PL3D-UMa-LOS),
PL3D-UMa-NLOS = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) + (43.42 – 3.1 log10 (hBS)) (log10 (d3D)-3) + 20 log10(fc) – (3.2 (log10 (17.625)) 2 - 4.97) – 0.6(hUT - 1.5)
	σSF =6
	10 m < d2D < 5 000 m
h = avg. building height, W = street width
hBS = 25 m, 1.5m ≦ hUT≦ 22.5m, W = 20m, h = 20 m
The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1.5 m ≦ hUT ≦ 22.5 m



In order to derive a realistic channel model for the aerial vehicles, conventional measurement campaign for the propagation links between BS and measurement equipment in the air can be conducted. Appropriate antennas or antenna arrays should be adopted to extract accurate large-scale and small-scale power-angular characteristics, and various scenarios including propagation environment and antenna height should be taken into account. Otherwise the measurement errors have significantly impact on the established channel model. On the other hand, ray-tracing based channel simulation can be adopted to generate massive channel data, especially when the measurement is hard to carry out and when the wave propagation is similar to optics. The ray-tracing based modelling concept has been involved in 3GPP. For example in TR 38.901 [3], a lot of channel realization data based on ray-tracing simulation is utilized to derive the high-frequency modelling parameters in the mandatory stochastic model, and also the ray-tracing tool is used for generating the dominant component in the alternative map-based hybrid model.
[bookmark: _GoBack]Figure 4 shows some examples of path loss curves simulated by ray-tracing. The input of digital map can be found in Figure A.1, where the scenario can be regarded as dense urban. The BS is either located on the rooftop of a high building (about 45m height, emulating macro cell) or amounted on the external wall of a building (15m height, emulating micro cell). Omni-directional antennas are assumed at both BS and UE sides, in order to derive the path loss caused by propagation-only. The UE is assumed as a drone flying over the whole urban area (i.e. 300*300m2), with a fixed altitude of 100m or 50m. From the results, it can be found that for the case of antennas above most of the buildings, LoS propagation is dominant and the path loss is close to free-space loss, while for the case that antennas are shadowed by some buildings, the NLoS probability will be relatively higher and the path loss characteristics can be modelled by a different log-log regression line plus some deviations caused by shadowing. The slope of path loss and standard deviation of shadow fading depend on the propagation environment and the heights of BS and UE.
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(a) UE height = 100m                                                            (b)  UE height = 50m
Figure 4 Path loss distribution with different BS and UE heights simulated by ray-tracing.
Observation 2: The path loss and shadowing in the current 3GPP 3D channel model is not suitable for the evaluation of LTE supported aerial vehicles.
Observation 3: The slope of path loss and standard deviation of shadow fading depend on the propagation environment and the heights of BS and UE.
LoS probability
The LoS probability model for the UMa and UMa cases are listed in Table 2. It could be noticed than for the UMi case, non-dependence of the UE height is introduced and in UMa case, the application range of this model for UE height is only up to 23m. Since in the real-filed implementation, the LoS probability is mainly determined by the layout of the environment. In this section, the preliminary simulations have been conducted in the typical UMa cases in the deterministic way. A simplified METIS TC2 layout is adopted for the evaluation of LoS probability, as shown in Figure A.2 in the appendix. Two base stations and the UE with height equalling to 1.5, 45 and 95m are considered.
The obtained results is shown in Figure 4, and it can be observed that the when the height of the UE is larger than 23 m, incorrect results (>1) will be obtained based on the current model for LoS probability. The ray-tracing results are intuitively more appropriate, which show the trends that all of the links are LoS when the 2D-distance is less than a certain value and the LoS probability has an exponential decaying distribution when the 2D-distance is beyond the breaking point. The breaking point and exponential decaying factor depend on the antenna/UE height.
Table 2 LoS probability model for UMi and UMa [3]
	Umi – Street canyon
	Outdoor users:


Indoor users:
Use d2D-out in the formula above instead of d2D

	Uma
	Outdoor users:


where


Indoor users:
Use d2D-out in the formula above instead of d2D
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[bookmark: _Ref478026949][bookmark: _Ref477951506][bookmark: _Ref477951503]Figure 5 Comparison of the LoS probability for UMa.
Observation 4: The LoS probability in the current 3GPP 3D channel model is not suitable for the evaluation of LTE supported aerial vehicles.
Fast fading parameters
The fast fading is mainly caused by multi-path propagation. Therefore, different kinds of scenarios usually have quite distinct parameters such as delay spreading, angular spreading, and number of clusters. For example, in TS 36.873 [2], we have different model parameters for 3D-UMi and 3D-UMa. In TR 38.901 [3], more scenarios have been included, i.e. indoor-office, UMi-street canyon, UMa, and RMa, also with different fast fading model parameters. 
Considering that the channel modeling for LTE supported aerial vehicles should include both the air-to-ground characteristics and the local environment around BS (e.g. urban macro, urban micro or rural macro). The fast fading model parameters should be derived based on realistic measurement campaigns, or verified ray-tracing tools.
Moreover, since the LTE should also support the duration of lifting up and down of aerial vehicles, the established channel model should be consistent for various UE heights.
Observation 5: The fast fading parameters in the current 3GPP 3D channel model may not be suitable for the evaluation of LTE supported aerial vehicles.
Proposal 1: Revise at least the path loss (including shadowing), LoS probability and necessary fast fading parameters in the existing channel model (e.g. TR 36.873) before reusing the existing channel model in this SI. 
Proposal 2: The modification of existing channel model should be based on the channel data generated by either verified ray tracing or field data measured specifically for aerial vehicle.
Proposal 3: Strive to derive a single consistent channel model that is applicable to a large range of UE heights determined for this SI.
Conclusions
In this contribution, we analyze the coverage of the aerial vehicles supported by LTE network, and discuss the potential issues of the channel modeling. Based on the theoretical analysis and simulation results, we make the following observations and proposal:
Observation 1: Although the DL coverage may not be a problem for the aerial vehicles supported by LTE network, most of the UEs are in poor SIR due to significant inter-cell interferences.
Observation 2: The path loss and shadowing in the current 3GPP 3D channel model is not suitable for the evaluation of LTE supported aerial vehicles.
Observation 3: The slope of path loss and standard deviation of shadow fading depend on the propagation environment and the heights of BS and UE.
Observation 4: The LoS probability in the current 3GPP 3D channel model is not suitable for the evaluation of LTE supported aerial vehicles.
Observation 5: The fast fading parameters in the current 3GPP 3D channel model may not be suitable for the evaluation of LTE supported aerial vehicles.
Proposal 1: Revise at least the path loss (including shadowing), LoS probability and necessary fast fading parameters in the existing channel model (e.g. TR 36.873) before reusing the existing channel model in this SI. 
Proposal 2: The modification of existing channel model should be based on the channel data generated by either ray tracing or field data measured specifically for aerial vehicle.
Proposal 3: Strive to derive a single consistent channel model that is applicable to a large range of UE heights determined for this SI.
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Appendix
Table A.1  Path loss simulation assumptions of LTE support for aerial vehicles
	
	Urban Micro cell  (3D-UMi)
	Urban Macro cell (3D-UMa)

	Layout
	Hexagonal grid, 19 micro sites,3 sectors per site
	Hexagonal grid, 19 macro sites,3 sectors per site

	UE mobility (movement in horizontal plane)
	3km/h
	3km/h

	BS antenna height
	10m
	25m

	Total BS Tx Power
	41 dBm
	46 dBm 

	Carrier frequency
	2 GHz
	2 GHz

	Min. UE-eNB 2D distance 
	10m 
	35m

	Number of UE
	20 per cell 
	20 per cell

	UE height in meters
	Fixed, 1.5~200
	Fixed, 1.5~200

	UE distribution (in x-y plane)
	uniform in cell
	uniform in cell

	UE condition
	LoS, outdoor
	LoS, outdoor

	BS antenna array
	4 elements, 10 degree down tilt
	4 elements, , 10 degree down tilt

	BS radiation pattern
	See Table 7.1-1 in [2]
	See Table 7.1-1 in [2]

	UE antenna
	1, omnidirectional
	1, omnidirectional

	ISD
	200m
	500m 



[image: ]
Figure A.1 Input digital map for the simulation example of path loss.
[image: ]
[bookmark: _Ref477946324]Figure A.2 Illustration of METIS TC2 layout for the simulation example of LoS probability
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