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Introduction
At RAN#75 meeting, it was agreed to start a SI on Enhanced Support for Aerial Vehicles [1]. Channel modeling is one of the main objectives, and it is aimed to select appropriate models applicable to Air-to-ground (ATG) channels. Reusing an existing channel model, if applicable, should be prioritized.
In the chairman’s notes of RAN1#88bis, it’s agreed that four options are considered for channel modeling of aerial UEs in three deployment scenarios should be considered, which is UMi, UMa and RMa, and the aerial UT height is between 1.5m and 150m. 
 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
 Conclusion:
· Companies are encouraged to provide measurement/simulation/evaluation results for deciding the channel modelling of Aerial UEs in RAN1#89 meeting by considering the options below.

[bookmark: OLE_LINK7]In this contribution, we discuss general aspects on ATG channels and scenarios, and propose field measurements and simulation results for deciding channel modeling of pathloss and fast fading.
Scenarios 
During RAN1#88bis meeting in Spokane, the following scenarios were agreed [3], and channel model related items are highlighted as yellow.

[bookmark: _Ref481693983]Table 1. Channel model related items in AV Scenarios.
	Parameters
	UMi AV
	UMa  AV
	RMa AV

	BS antenna height 
	10m
	25m
	35m

	Carrier frequency
	2GHz
	2 GHz
	700 MHz; optionally 800 MHz

	UT location
	LOS/NLOS (aerial)
	FFS
	FFS
	FFS

	
	Height  (aerial)
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m
	Uniformly distributed between 1.5 m and [150]m;
Optionally: fixed height values in the range between 1.5m and [150]m



The key question is how the flying device will affect the channel model, and how much the existing channel models can be reused. We discuss it briefly here.
Urban macro-cell
Traditional urban macro-cell is defined as a base station above rooftop and UE below rooftop (Figure 1). In the case of aerial vehicles, the UE may be either below rooftop (Figure 2) or above rooftop (Figure 3). This coarse breakdown is obviously a simplification since in real-world the building height may be inhomogeneous. However, it follows the simplifications done in 3GPP many times earlier (e.g. macro- vs. micro-cell, LOS vs. NLOS). Therefore, we think this breakdown is sufficient for categorization of channel models. If the UE is below rooftop (Figure 2), we can use the existing 3D-UMa channel model from TR36.873. If the UE is above rooftop (Figure 3), we can assume LOS channel with a few ground reflections and rooftop reflections.
[image: ]
[bookmark: _Ref481494136]Figure 1. Traditional urban macro-cell.

[image: ]
[bookmark: _Ref481494413]Figure 2. Urban macro-cell for aerial vehicle, UE below rooftop.
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[bookmark: _Ref481494414]Figure 3. Urban macro-cell for aerial vehicle, UE above rooftop.

Urban micro-cell
Traditional urban micro-cell is depicted in Figure 4. The upper part is a side view, and the lower part a top view. In the NLOS case, the UE is behind an obstacle (e.g. building), and the main propagation mechanisms are reflection, scattering and diffraction. In the case of an aerial device, the user can be either below rooftop (Figure 5) or above rooftop (Figure 6). The latter case is quite similar to the traditional macro-cell (Figure 1), but the BTS and UE are swapped. It gives us an opportunity to reuse the existing 3D-UMa model.
For LOS probability calculation in the case of aerial user being above rooftop, it is also similar to the traditional macro-cell case with BTS and UE swapped. In this case, the “BS in UMi AV scenario” can be viewed as “UT in 3D UMa channel model”, and “Aerial UT in UMi AV scenario” can be viewed as “BTS in 3D UMa channel model”. So LOS probability can be calculated by employing 3D UMa LOS probability formula by setting “hUT” equal to 10m, which is BS height in UMi AV scenario (see Table 1). It is noted that in this case, 3D UMa LOS probability equals to 3D UMi LOS probability. Therefore 3D UMi LOS probability could be re-used.
[image: ]
[bookmark: _Ref481494982]Figure 4. Traditional urban micro-cell.
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[bookmark: _Ref481495305]Figure 5. Urban micro-cell for aerial vehicle, UE below rooftop.
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[bookmark: _Ref481495375]Figure 6. Urban micro-cell for aerial vehicle, UE above rooftop.

Rural macro-cell
Traditional rural macro-cell scenario is depicted in Figure 7. For aerial device below rooftop, we can use the same model as with the terrestrial UE since the average rooftop is low, and there is no big difference between these two situations. For the case where UE is above rooftop, the channel is LOS, see Figure 8 for UE below the BTS height and Figure 9 for the UE above the BTS height.

[image: ]
[bookmark: _Ref481495990]Figure 7. Traditional rural macro-cell.
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[bookmark: _Ref481496076]Figure 8. Rural macro-cell for aerial vehicle, UE below BTS, but above rooftop.
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[bookmark: _Ref481496078]Figure 9. Rural macro-cell for aerial vehicle, UE above BTS.

Summary on scenarios and sub-scenarios
Table 2 summarizes the propagation scenarios for aerial devices. Based on the observation of the propagation characteristics in each of the scenario, it is seen that some of the existing models can be re-used (at least as starting point) for AV UTs below rooftop, and these models can be extrapolated to cover higher altitudes, although the existing models have some limitations on the UE height range. The proposed use of channel model is shown in Table 2.

[bookmark: _Ref481497557]Table 2. Proposed model for Propagation scenarios for Aerial device
	Scenario
	Sub-scenario
	LOS/NLOS
	Proposed  models (Pathloss, Shadowing, LOS probability, fast fading)

	UMa AV
	UE below rooftop (hAerial_UT<25m) 

	LOS probability
	3D-UMa, extend applicability of  hUT to 25m

	
	
	Pathloss & shadowing
	LOS: 3D-UMa LOS
NLOS: 3D-UMa NLOS

	
	
	Fast fading
	LOS: 3D-UMa NLOS
NLOS: 3D-UMa NLOS

	
	UE above rooftop (hAerial_UT>25m)

	LOS probability
	PLOS=1

	
	
	Pathloss & shadowing
	LOS: See Table 3 below

	
	
	Fast fading
	 See Table 7 below

	UMi AV
	UE below rooftop (hAerial_UT<25m)

	LOS probability
	3D-UMi

	
	
	Pathloss & shadowing
	LOS: 3D-UMi LOS
NLOS: 3D-UMi NLOS

	
	
	Fast fading
	LOS: 3D-UMi LOS
NLOS: 3D-UMi NLOS

	
	UE above rooftop (hAerial_UT>25m)

	LOS probability
	3D-UMi

	
	
	Pathloss & shadowing
	LOS: 3D-UMa LOS swapped (i.e., BS in UMi AV scenario =”UE” in 3D-UMa, AV UE in UMi AV scenario=”BS” in 3D-UMa), check fast fading.
NLOS: 3D-UMa NLOS swapped (i.e., BS in UMi AV scenario =”UE” in 3D-UMa, AV UE in UMi AV scenario =”BS” in 3D-UMa)

	
	
	Fast fading
	LOS: 3D UMi LOS
NLOS: 3D UMi NLOS

	RMa AV
	UE below rooftop (hAerial_UT<10m)

	LOS probability
	3D RMa

	
	
	Pathloss & shadowing
	LOS: 3D-RMa LOS
NLOS: 3D-RMa NLOS

	
	
	Fast fading
	LOS: 3D-RMa LOS
NLOS: 3D-RMa NLOS

	
	UE above rooftop(hAerial_UT>10m)

	LOS probability
	PLOS=1

	
	
	Pathloss & shadowing
	 See Table 4 below

	
	
	Fast fading
	 See Table 7 below



Proposed model for UMa AV above rooftop
Pathloss
 Table 3 summarizes the proposed path loss and shadow fading models for urban macro-cell.
[bookmark: _Ref481619074]Table 3. BS-to-Aerial channel – Pathloss
	Applicability range,
antenna height
default values
	LOS/
NLOS
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow
fading
std [dB]

	[bookmark: _GoBack]hAerial_UT>25 m
	LOS
	





	




Measurement of path loss 
For the UMa scenario, we have measured LTE aerial channels in typical UMa LOS cases when the AV UT height is above rooftop.
For UMa LOS case, we choose street canyon environments, and part of them are depicted as shown in the figures below. In the figure, the base station is located on the rooftop of a 5-story office building, and the height of the antenna was about 25m above the ground. 
[bookmark: OLE_LINK1]The altitudes of the user equipment included 50 m, 75 m, 100 m, 125 m, and 150 m. At each altitude, the UE traveled horizontally over the distances of 420m and 320m along the street. The flying routes are shown in the figures. The LOS channels between the transceivers were measured.
[image: F:\Alfread Files\实验室项目\西安无人机测量\实测场景图\模拟场景图\场景1.jpg]          
UMa LOS case                                        



In the UMa scenario measurement, the transmitter on the UAV was a WiFi AP working at the frequency of 2.4 GHz. An amplifier was employed such that the transmission power was 30 dBm. At the BS side, the PCTEL fast frequency scanning and protocol analysis receiver was adopted to collect the data. It could identify the WiFi channel, extract the target signal, and estimate the received power. Thus the interference in the frequency band was avoided. The receiver recorded the received power () every 500ms while the UAV was flying in the air. Two omni-directional antennas () were used on the UAV and one omni-directional antenna () on the BS, with the calibrated gains of 6 dBi at both sides. 
The pathloss can be computed by the function:







where  is the pathloss, dBm, dBi, dBi, and  is the receive signal power.
We compute the shadowing by the function:





where  is the path loss measurement and  is the path loss predicted by the model, and  is the number of the path loss measurement samples.
The PCTEL receiver instrument is depicted in Figure 10. The four-rotor UAV with the WiFi AP and two omnidirectional antennas on board are depicted in Figure 11. An illustration of the entire measurement system is depicted in Figure 12.

[image: C:\Users\Wong\Desktop\接收端1.jpg]
[bookmark: _Ref481742413]Figure 10.  The BS in the field measurement
   
    [image: C:\Users\Wong\Desktop\无人机11.jpg]
[bookmark: _Ref481742447]Figure 11. Aerial UT
[image: ]
[bookmark: _Ref481742483]Figure 12. UMa channel measurement system
Results of path loss in UMa scenario
It is found that when aerial UE fly above 25 m, the channel between the aerial UE and terrestrial BS is LOS dominated, so we propose 25 m as a threshold in vertical height.  When aerial UE fly below 25 m, LOS channel and NLOS channel both exist. 
Note that in our field measurements, the horizontal distance is limited to several hundred meters and located within break point distance, so the modified model is based on PL1 defined in TR38.901/36.873, and we extrapolate the UE height dependent adjustment parameter for PL2.
The path loss model for the LOS UMa scenario defined in 3GPP TR38.901/36.873 is (before break point)



In this measurement campaign, the measurement results of the path loss have the same tendency as the 3GPP model, for all the measured UE horizontal distances and vertical altitudes. Therefore, we propose to revise the 3GPP model by adding a UE height dependent adjustment parameter. The modified PL model is:



By fitting the measurement results and calculating the least sum of squared residuals, we get the value of adjustment parameter. The results are shown in Figure 13 below.
For UMa LOS with aerial UE’s height above 25m, it is observed that

.
[image: ]
[bookmark: _Ref481771731][bookmark: _Ref481771727]Figure 13. Adjustment depending on AV UE height
[image: F:\Alfread Files\实验室项目\西安无人机测量\大尺度测量\测量数据\20170423_UMa\转换后的数据\GPPResult\bmp\5.bmp][image: F:\Alfread Files\实验室项目\西安无人机测量\大尺度测量\测量数据\20170423_UMa\转换后的数据\GPPResult\bmp\2.bmp]
Figure 14. Pathloss modeling for UMa

The shadowing standard derivation is derived from 
[image: ]
Figure 15. Shadowing of UMa for AV UE height > 25m
Proposed model for RMa AV above rooftop
Pathloss
Table 4 summarizes the proposed path loss and shadow fading models for rural macro-cell.
[bookmark: _Ref482379066][bookmark: _Ref482379061]Table 4 Pathloss Model for RMa
	Applicability range,
antenna height
default values
	LOS/
NLOS
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow
fading
std [dB]

	





	LOS
	





	




[image: F:\Alfread Files\实验室项目\西安无人机测量\大尺度测量\测量数据\20170423_RMa\RMa_excle\RMaAll.bmp][image: F:\Alfread Files\实验室项目\西安无人机测量\大尺度测量\测量数据\20170423_RMa\RMa_excle\OurModelResult\bmp\16.bmp][image: F:\Alfread Files\实验室项目\西安无人机测量\大尺度测量\测量数据\20170423_RMa\RMa_excle\OurModelResult\bmp\17.bmp]
Figure 16. Pathloss modeling for RMa
Proposed fast fading model for UMa and RMa
We obtained small-scale channel characteristics for LTE aerial channel through ray tracing simulation. Two scenarios, UMa and RMa, were simulated. 
The UMa scenario is an urban area in Japan. The buildings in that area are 20-30 meters high. The RMa scenario is a university campus in Shanghai city, where there are lots of open areas. The base station height is 25m. The UE (aerial) are randomly scattered in the 1 square meter area. The multiple UE heights were selected ranging from 1.5 m to 150m. The omni-directional antennas were used at both sides of Tx and Rx.
[image: ]     [image: ]
UMA Scenario                              RMA Scenario
Average Number of Paths
[bookmark: _Ref482372949]Table 5. Average number of paths
	Path Num/Aerial height
	h_UT = 1.5 m
	h_UT = 5 m
	h_UT = 10 m
	h_UT = 15 m
	h_UT = 20 m
	h_UT = 50 m
	h_UT = 100 m
	h_UT = 150 m

	Average Number of Paths
	UMA
	40.15
	31.34
	19.44
	12.91
	9.73
	3.24
	1.95
	1.54

	
	RMA
	90
	80.46
	62.31
	41.7
	21.28
	3.34
	1.12
	1



Table 5 shows the average number of paths decreases when the aerial height is increasing, which indicates only LOS exists when the aerial is above the surrounding buildings.
Number of Clusters
Table 6. Number of clusters
	Cluster Num/Aerial height
	h_UT = 1.5 m
	h_UT = 5 m
	h_UT = 10 m
	h_UT = 15 m
	h_UT = 20 m

	UMA
	LOS
	5.39
	4.54
	3.87
	4.19
	4.32

	
	NLOS
	4.84
	4.49
	4.66
	5.83
	12.53

	RMA
	LOS
	12.54
	5.71
	5.35
	5.37
	16.7

	
	NLOS
	7.88
	7.85
	8.69
	8.37
	11.07



When the aerial height is above 20 m, there exists only the LOS path. The clustering of multipath above that height is not valid.
Results of fast fading 
The channel parameters are calculated using the multipath components parameters such as delay, power, azimuth angle of arrival (AoA), azimuth angle of departure (AoD), elevation angle of arrival (EoA) and elevation angle of departure (EoD) obtained from ray tracing simulation at each location in the digital map. The multipath clustering is not performed.
Table 7. Fast fading for RMa and UMa
	Para\Scenario
	RMa
	UMa
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Proposal 2: Use Table 7 as fast fading channel model for aerial communication in UMa and RMa 

[bookmark: _Ref129681832]Conclusion
In this contribution, we propose channel models for aerial UEs based on field measurements. The proposal includes pathloss, shadowing, LOS probability, and fast fading for different scenarios, and we make the following proposals.
Proposal 1: Use Table 2, Table 3 and Table 4 as pathloss channel model for communication with aerial devices.
Proposal 2: Use Table 7 as fast fading channel model for communication with aerial devices.
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