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Introduction
In RAN#75, the study item on enhanced support for the aerial vehicles was approved [1]. The objective of the study is to investigate various RAN1 and RAN2 aspects associated with the use of terrestrial LTE networks to provide connectivity to aerial vehicles. One of the tasks is to select appropriate models applicable to Air-to-ground (ATG) channels. It was agreed that reusing an existing channel model, if applicable, should be prioritized.

In this contribution, we discuss the possible scenarios and channel models that may be used in the study.
[bookmark: _Ref178064866]Discussion
As stated in the objectives of the SID, the study should investigate the ability for aerial vehicles to be served using LTE networks targeting terrestrial coverage, including Rel-14 functionalities such as FD-MIMO.  When aerial vehicle UEs are introduced to a LTE network, the system performance for both the aerial vehicle UEs and the legacy terrestrial UEs should be evaluated.  For aerial UEs, the system performance in terms of coverage and data throughput should be verified. For legacy UEs, the system performance impact with the introduction of aerial UEs also should be checked.  Therefore, system performance evaluations should include both aerial UEs and legacy UEs.
[bookmark: _Toc478131697]Both aerial and legacy UEs should be included in system performance evaluations.
Existing channel models in LTE and NR
For legacy indoor and outdoor UEs, the existing 3D UMa (urban macro) and 3D UMi (urban micro) model developed in LTE Rel-12 (TR 36.873 [2]) can be used to support Rel-14 functionality such as 2D antenna array and FD-MIMO.  Similar models have also been introduced in NR in TR38.900 [3] to support carrier frequencies above 6GHz.  The models have since been extended to also support carrier frequencies from 0.5GHz to 6GHz in TR38.901 [4].  
The 3D UMa (or UMa in NR) scenario is intended to emulate real-life eNB deployment scenarios in urban areas with eNB antennas mounted above the rooftop levels of surrounding buildings. The 3D UMi (or UMi in NR) scenario also targets urban deployments except that the eNB antennas are mounted below the rooftop levels of surrounding buildings. 
In addition to UMa and UMi, a scenario for rural deployments, RMa (rural macro), is also defined in NR. This scenario focuses on larger cell sizes and continuous coverage with eNB antennas mounted on top of the towers.
Scenarios of interest to the aerial study
Since the aerial vehicles will be served by existing LTE eNBs, the 3D UMa and 3D UMi scenarios in LTE should also be relevant for aerial studies.  For aerial vehicles, rural deployment scenarios may also be considered as it can be one of the most important use cases for aerial vehicles such as drones. For this purpose, the RMa scenario defined in NR should also be considered. 
The 3D UMi/UMa models have been used in LTE Rel-13/Rel-14 studies and it should be readily available for most companies. On the other hand, from forward compatibility point of view, it might be good to use the UMa, UMi and RMa models defined in TR38.901. It should be noted that the 3D UMa model in 36.873 and the UMa model in 38.901 are effectively the same. Therefore, the 3D UMa and 3D UMi models in LTE and the UMa, UMi and RMa models in NR should be used as the reference models for aerial study.   
[bookmark: _Toc478131698]Both the 3D UMa/3D UMi channel models defined in TR36.873 and the UMa, UMI and RMa models defined in TR38.901 can be used for aerial UE studies.  
[bookmark: _Toc477981931][bookmark: _Toc477982006][bookmark: _Toc477982046]In the existing UMa and UMi scenarios, two types of UEs are considered, i.e., indoor UEs (80%) and outdoor UEs (20%). For outdoor UEs, the UE height is fixed at 1.5m. Aerial UEs are different types of outdoor UEs with heights generally well above ground, they are not included in the existing UMa, RMa and UMi models. However, the UMa, RMa or UMi model can be easily modified by adding aerial UEs as a new type of UEs, in addition to the legacy outdoor and indoor UEs.
[bookmark: _Toc478131699]Three scenarios may be considered for aerial study by adding a new type of UEs, “Aerial”, to the existing UMa, UMi and RMa models defined in TR36.873 or the 3D UMa/3D UMi models defined in TR38.901. 
[bookmark: _Ref476861092]Three scenarios based on the UMa, RMa and UMi models for aerial study are listed in Table 1. 
[bookmark: _Ref478105951]

Table 1: Scenarios for aerial study
	Parameters
	UMi AV
	UMa  AV
	RMa AV

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m or 5000m)

	BS antenna height 
	10m
	25m
	35m

	Carrier Frequency
	2GHz
	2 GHz
	2GHz

	Total BS Tx power
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	UT location
	Outdoor/indoor/aerial
	Outdoor and indoor (Same as UMI/ UMa in TR38.901, or 3D UMi/3D UMa in 36.873), and
Aerial  (new UE type)
	Outdoor and indoor (Same as UMI/ UMa in TR38.901), and
Aerial  (new UE type)

	
	LOS/NLOS (outdoor/indoor)
	LOS and NLOS

	
	LOS/NLOS (aerial)
	LOS and NLOS
	LOS
	LOS

	
	Height  (outdoor/indoor)
	Same as 3D UMi in TR 36.873
	Same as 3D UMa in TR36.873
	Same as RMa in TR38.901

	
	Height  (aerial)
	uniform (30m, 150m) or  at a fixed height between 30m and 150m
	uniform (30m, 150m) or  at a fixed height between 30m and 150m
	uniform (30m, 150m) or  at  a fixed height between 30m and 150m

	Indoor UT ratio: indoor/(indoor+outdoor)
	80%
	50%

	Aerial UT ratio: aerial/(indoor+outdoor)
	FFS
	FFS
	FFS

	UT mobility (horizontal plane only)
	Outdoor/indoor: 3km/h;  
Aerial: 30 to 60km/h (FFS)
	Indoor: 3km/h
Outdoor: 30 to 100km/h
Aerial: 30 to 240km/h (FFS)

	Min. BS – UT distance (2D)
	10m
	35m
	35m

	UT distribution (horizontal)
	Uniform
	Uniform
	Uniform

	Channel models for indoor and outdoor UT
	According to TR36.873 or TR 38.901
	According to TR36.873 or TR 38.901
	According to TR 38.901

	Channel models for aerial UT
	As defined in the sections below
	As defined in the sections below
	As defined in the sections below



In addition to outdoor and indoor UEs, a new UE type is added for aerial vehicles. The height of “aerial” UE may be from building top to 150m as discussed in a companion paper [5] . Height below buildings may also be considered, but it may not be a typical scenario and in this scenario aerial UEs behave like terrestrial UEs. Therefore, the most interesting height range for aerial vehicles seems to be from 30 to 150m.   The ratio of “aerial” UEs may be controlled separately from outdoor/indoor UE ratios, so that the number of aerial UEs can be varied independently from the legacy indoor and outdoor UEs.
[bookmark: _Toc478106204][bookmark: _Toc478106442][bookmark: _Toc478106471][bookmark: _Toc478106508][bookmark: _Toc478107096][bookmark: _Toc478107136][bookmark: _Toc478130649][bookmark: _Toc478131005][bookmark: _Toc478131497]Consider to use the three scenarios defined in Table 1 for aerial study.

Antenna Models
The same 2D antenna array structure defined in TR36.873 or TR 38.901 can be reused here for aerial vehicles. The parameters are summarized in Table 2.
[bookmark: _Ref476862534]

Table 2: Antenna modelling parameters
	Parameter
	Applicability
	Values

	Number of horizontal antenna elements
	cross-pol
	2, 4, 8

	
	co-pol
	1, 2, 4, 8 

	Polarization slant angle
	cross-pol
	+/- 450

	
	co-pol
	00

	Antenna element spacing dH, dv
	
	dH =0.5λ, dv =0.8 λ baseline (other values FFS)

	Number of vertical antenna elements
	
	M= 4, 8 

	Antenna element vertical radiation pattern (dB)
	
	

	Antenna element horizontal radiation pattern (dB)
	
	

	Combining method for 3D antenna element pattern (dB)
	
	

	Maximum directional gain of an antenna element 
	
	8 dBi



Legacy BS array antennas, i.e. uniform linear arrays with fixed phase shifts between its M elements to obtain a beam tilt in vertical direction can be modelled using complex weights

		



where  is the electrical vertical steering angle defined between 0° and 180° (90° represents perpendicular to the array) and m=1, …, M.  Furthermore,  denotes the wavelength and  the vertical element spacing.
[bookmark: _Toc478130650][bookmark: _Toc478131006][bookmark: _Toc478131498]Use antenna modeling parameters in Table 2 for aerial study.
Pathloss Models for aerial UEs
[bookmark: _Toc478105554][bookmark: _Toc478106205][bookmark: _Toc478106443][bookmark: _Toc478106472][bookmark: _Toc478106509][bookmark: _Toc478107097][bookmark: _Toc478107137][bookmark: _Toc478130651]The pathloss models of either TR36.873 or TR38.901 can be used for legacy outdoor and indoor UEs.  For aerial UEs, the existing pathloss models may be extended to cover the aerial UE height range as shown in Table 3. 
[bookmark: _Toc478131499][bookmark: _Toc478131007]Consider to use pathloss loss models in Table 3 for aerial UEs with some further tuning on the breakpoint distance and LOS probability formulas if needed.



Table 3: Pathloss models for aerial vehicles
	Scenario
	Pathloss [dB], fc is in GHz and distance is in meters
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	UMa LOS (Aerial )
	





	
	




	RMa LOS (Aerial)
	





	
	






	UMi LOS,
(Aerial)
	





	
	




	UMi NLOS (Aerial)
	


for 


	

	








For UMa and RMa, both the eNB antenna and the aerial vehicle antenna are above the surrounding buildings, so only line of sight (LOS) may be considered. In most cases this leads to path loss that is quite close to the free space path loss. However, for larger distances and for the lower range of aerial heights the first Fresnel zone may not be clear which leads to additional path loss and a larger path loss exponent. This phenomenon is commonly modeled using a breakpoint beyond which the path loss model has a steeper slope. 
The breakpoint distance  for aerial UEs under RMa is the same as that defined in Table 7.4.1-1 of 38.901. For UMa, the breakpoint distance is given by    d’BP = 4 h’BS h’UT fc/c with h’BS = hBS – hE, h’UT = hUT – hE where hBS and hUT are the actual antenna heights, and hE is the effective environment height and m can be used to represent the building height.  These breakpoints may be further tuned to ensure that the interference levels from distant aerials is not overestimated.  

For UMi, both LOS and NLOS may be considered. Again, the breakpoint distance may be tuned further if a mismatch is observed. The LOS probability formula for UMi below may be extended for aerials, but some further checking may be needed.  



Fast fading models for aerial UEs
For aerial vehicles, there is no surrounding objects and thus the multi-cluster models in either TR36.873 or TR38.901 are no longer valid for LOS aerial UEs.  So some modifications or changes are required. We propose to use the LOS CDL-D or CDL-E models defined in TR38.901 for the purpose.
In the existing CDL models, the angles of arrival and departure are fixed, which is not good for MIMO simulations. However, they can be linked to the actual aerial vehicle positions in the system simulations.  The fast fading for LOS aerial UEs then can be generated as follows:
1. Follow steps 1- 3 in section 7.5 of TR38.901 (or section 7.3 of TR36.873) for UE dropping, LOS/NLOS assignment and pathloss calculation;
2. Continue with steps 1- 4 in section 7.7.1 of TR38.901 with parameters defined for CDL-D or CDL-E for channel coefficient generation where the LOS AOD/AOA/ZOD/ZOA are used in the CDL-D/CDL-E models
The ASD, ASA, ZSD, ZSA, DS, and K-factor of the CDL-D and CDL-E may be further scaled to suitable values as typically the spreads of aerial UEs would be much smaller and the K-factor higher than for UEs on ground or below rooftop. The exact values can be further tuned. 
[bookmark: _Toc478049641][bookmark: _Toc478105556][bookmark: _Toc478106207][bookmark: _Toc478106445][bookmark: _Toc478106474][bookmark: _Toc478106511][bookmark: _Toc478107098][bookmark: _Toc478107138][bookmark: _Toc478130652][bookmark: _Toc478131008][bookmark: _Toc478131500]Consider to use CDL-D or CDL-E channel models for LOS aerial UEs. The ASD, ASA, ZSD, ZSA, DS, and K-factor may be further scaled. 
For NLOS aerial UEs in UMi scenario, the same procedure for UMi NLOS UEs defined in section 7.5 of TR38.901 or 3D UMi NLOS UEs defined in section 7.3 of TR36.873 can be used.
[bookmark: _Toc478047783][bookmark: _Toc478049642][bookmark: _Toc478105557][bookmark: _Toc478106208][bookmark: _Toc478106446][bookmark: _Toc478106475][bookmark: _Toc478106512][bookmark: _Toc478107099][bookmark: _Toc478107139][bookmark: _Toc478130653][bookmark: _Toc478131009][bookmark: _Toc478131501]Consider to use the existing UMi (or 3D UMi) NLOS fast fading model for NLOS aerial UEs.
Conclusions
In this contribution we made the following observations:
Observation 1	Both aerial and legacy UEs should be included in system performance evaluations.
Observation 2	Both the 3D UMa/3D UMi channel models defined in TR36.873 and the UMa, UMI and RMa models defined in TR38.901 can be used for aerial UE studies.
Observation 3	Three scenarios may be considered for aerial study by adding a new type of UEs, “Aerial”, to the existing UMa, UMi and RMa models defined in TR36.873 or the 3D UMa/3D UMi models defined in TR38.901.

Based on the discussion, in this contribution, we propose the following:
Proposal 1	Consider to use the three scenarios defined in Table 1 for aerial study.
Proposal 2	Use antenna modeling parameters in Table 2 for aerial study.
Proposal 3	Consider to use pathloss loss models in Table 3 for aerial UEs with some further tuning on the breakpoint distance and LOS probability formulas if needed.
Proposal 4	Consider to use CDL-D or CDL-E channel models for LOS aerial UEs. The ASD, ASA, ZSD, ZSA, DS, and K-factor may be further scaled.
Proposal 5	Consider to use the existing UMi (or 3D UMi) NLOS fast fading model for NLOS aerial UEs.

[bookmark: _In-sequence_SDU_delivery]References
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