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Introduction
In RAN1#88b, it was agreed that three scenarios will be supported for aerial studies, i.e. UMi AV, UMa AV and RMa AV [1]. The agreements are attached below. The scenarios correspond to the UMi/UMa/RMa scenarios defined in TR38.901 with addition of aerial UEs.  One of the remaining undecided items is the channel modelling for aerial UEs. 
Agreement:
	Parameters
	UMi AV
	UMa  AV
	RMa AV

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m);
FFS: if 37 micro sites, 3 sectors per site are needed
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m);
FFS: if 37 macro sites, 3 sectors per site are needed
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m; optionally ISD = 5000m);
FFS: if 37 macro sites, 3 sectors per site are needed

	BS antenna height 
	10m
	25m
	35m

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

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

	BS antenna configuration
	2Tx/2Rx cross polarized;
Optionally (M, N, P) = (8, 4, 2) according to TR36.873 with 32 Tx ports and 32 Rx; 
other antenna configurations are not precluded
	2Tx/2Rx cross polarized;
Optionally 8Tx/8Rx cross polarized;
Optionally (M, N, P) = (8, 4, 2) according to TR36.873 with 32 Tx ports and 32 Rx;
other antenna configurations are not precluded
	2Tx/2Rx cross polarized;
other antenna configurations are not precluded

	BS antenna pattern
	FFS
	FFS
	FFS

	BS antenna element pattern
	For FD-MIMO, according to TR38.901 
	For FD-MIMO, according to TR38.901 
	For FD-MIMO, according to TR38.901 

	BS antenna element gain + connector loss
	8dBi
	8dBi
	8dBi

	UT location
 
	Outdoor terrestrial/indoor terrestrial/aerial
	Outdoor terrestrial and indoor terrestrial (same as UMi/UMa in TR38.901), and aerial UTs
	Outdoor terrestrial and indoor terrestrial (same as RMa in TR38.901), and aerial UTs

	
	LOS/NLOS (terrestrial)
	LOS and NLOS

	
	LOS/NLOS (aerial)
	FFS
	FFS
	FFS

	
	Height  (terrestrial)
	For non FD-MIMO: FFS;
For FD-MIMO: Same as UMi in TR 38.901
	For non FD-MIMO: FFS;
For FD-MIMO: Same as UMa in TR38.901
	Same as RMa in TR38.901

	
	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


· Note 1: The above scenarios are for evaluation purposes.
· Note 2: The base station height will be revisited in case of evaluations on positioning enhancements.

In this contribution, we discuss pathloss models and fast fading models for aerial UEs. In a companion paper [2], the details of LOS probabilities of aerial UEs under the three scenarios are discussed.
Pathloss Models for Aerial UEs
It was agreed in RAN1#88bis that aerial UE heights of 1.5m to [150] m will be supported.  Given this height range, both LOS and NLOS channel models are needed for all three scenarios considered. The LOS probability as a function of aerial UE height and 2D distance away from the base station is further discussed in the companion paper [2]. In the following, we discuss pathloss models for LOS and NLOS under RMa AV, UMa AV and UMi AV.
LOS pathloss model
RMa AV
The RMa LOS pathloss model defined in TR38.901 is valid for UE height below 10m and 2D distance up to 10km. Thus pathloss model for aerial UEs with heights above 10m is needed. While LOS path loss is typically close to or lower bounded by the free space path loss at shorter distances, at longer ranges the curvature of the earth causes an increased loss due to diffraction. Our measurement data collected in a helicopter measurement campaign show that EPM73 pathloss model provides a lower bound for the measurement data as shown in Figure 1(a) and Figure 1(b) for different UE heights, where the base station height is about 50m and the surrounding clutter ((trees, buildings, etc) is about 25m. So the effective base station height of about 25m is used in the EPM73 model. The UE height is about 50m above ground in Figure 1(a) and about 30m in Figure 1(b).  The effective UE heights of 25m and 5m were used in the EPM73 model.   Pathloss with the 3GPP RMa channel is also shown in Figure 1 with a simple extension of the ranges of UE height and 2D distance in the existing RMa LOS and NLOS models, where building height h=25m was used to reflect the surrounding clutter height.  A breakpoint around 10km can be clearly seen and the simple extension of the RMa LOS model does not fit well to the measured data.  For UE height of 50m as in Figure 1(a), the breakpoint distance is beyond 100km. Even for UE height of 25m in Figure 1(b), the breakpoint distance is also greater than 50km.  
[bookmark: _Toc481803832]For aerial UEs at heights above 10m and at 2D distances beyond 10km, pathloss provided by a simple extension of the RMa model does not fit well to the measured data. 

One way is to modify the breakpoint distance of RMa for UE heights above 10m to make it close  to  EPM73.  One possible modification is given below, in which the breakpoint distance is reduced for UE heights above 10m.
 									Eq.(1)
In addition, some modification of the RMa model is needed to match the measured data.  One possible modification is summarized in Table 1. The corresponding pathloss with the modifications is shown in Figure 2. It can be seen that the RMa LOS pathloss model with the modified breakpoint distance and the modification in Table 1 fits the measured data much better. The modified model provides a nice lower bound for UE heights at both 25m and 50m. 
[bookmark: _Ref481621401]Table 1: Proposed RAM-AV LOS pathloss model for UE heights above 10m.
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters 
	

	RMa-AV
	LOS
	






	



[bookmark: _Toc481073670][bookmark: _Toc481626002][bookmark: _Toc481655758][bookmark: _Toc481694502][bookmark: _Toc481695509][bookmark: _Toc481766847][bookmark: _Toc481766881][bookmark: _Toc481766965][bookmark: _Toc481767004][bookmark: _Toc481767338][bookmark: _Toc481767404][bookmark: _Toc481767765][bookmark: _Toc481767782][bookmark: _Toc481767978][bookmark: _Toc481768442][bookmark: _Toc481803837]Consider to use the RMa-AV LOS pathloss model in Table 1 with the modified breakpoint distance described in Eq.(1) for UE heights above 10m.
(a) BS and UE effictive height =25m, f=1.8Ghz
(b) Effective heights: 25 m BS and 5m UE:, f=1.8Ghz

[bookmark: _Ref480838236][bookmark: _Ref481621808]Figure 1: RMa LOS pathloss model vs. measured data 
(b)  Modified RMa LOS model, BS height=25m, 
UE effective height 5m,f=1.8GHz
(a) Modified RMa LOS model, BS effective height=25m,
UE effective height =25m, f=1.8GHz

[bookmark: _Ref480898987]Figure 2: Modified RMa LOS pathloss model vs. measured data 
UMa AV
For UMa, the LOS pathloss model defined in TR38.901 is valid for UE heights below 23m.  For aerial UEs at heights above 23m, the breakpoint distance defined in TR38.901 for UMa needs to be modified to account for the environment heights. In this case, it is reasonable to choose the environment height from a discrete uniform distribution over {1m, 3m, 6m, 9m, … ,23m}, i.e.
 										Eq.(2)
where  								Eq.(3)
Figure 3(a) shows the UMa LOS pathloss as a function of UE height and 2D distance, while Figure 3(b) also shows the pathloss with UE heights above 23m after the breakpoint modification. The curves represent the mean pathlosses.  It can be seen that for UEs above 10m, the breakpoint is beyond 5km.  Considering 500m ISD and three tiers, pathloss for 2D distances up to 5km should be enough for system evaluation purpose.  
(a) UMa
(b) UMa AV

[bookmark: _Ref480913718]Figure 3: LOS pathloss for UMa-AV
Figure 4 compares the 3GPP UMa pathloss model with the helicopter measurement data with base station at the roof top, with UE height of 50m in Figure 4(a) and UE height of 30m in Figure 4(b). It can be seen that the UMa LOS model provides a close lower bound for the measured pathloss. Breakpoint is not clearly visible within 5km range though. 
(a) UMa model vs. measured data, roof top BS, UE height 50m. 
(b) UMa model vs. measured data, roof top BS, UE height 30m. 

[bookmark: _Ref481622915]Figure 4: 3GPP UMa LOS pathloss model vs. measured data
[bookmark: _Toc481803833]With a slight modification of the breakpoint distance for UEs above 22.5m, the UMa LOS pathloss model can be extended for UMa -AV. 
[bookmark: _Toc481073671][bookmark: _Toc481626003][bookmark: _Toc481655759][bookmark: _Toc481694503][bookmark: _Toc481695510][bookmark: _Toc481766848][bookmark: _Toc481766882][bookmark: _Toc481766966][bookmark: _Toc481767005][bookmark: _Toc481767339][bookmark: _Toc481767405][bookmark: _Toc481767766][bookmark: _Toc481767783][bookmark: _Toc481767979][bookmark: _Toc481768443][bookmark: _Toc481803838]Consider to reuse the UMa LOS pathloss model of TR38.901 for UMa-AV with a slight modification of the breakpoint distance for UE heights above 22.5m.
UMi AV
Figure 5 shows the LOS pathloss and breakpoint distance of UMi.  Again, the breakpoint distance is beyond 5km for UE heights above 15m. In other words, the pathloss is almost the same for UE at different heights above 15m.  Therefore, the UMi pathloss model can be easily extended for UMi-AV.

[bookmark: _Ref480915139]Figure 5: 3GPP UMi LOS pathloss and breakpoint distance as a function of UE height.
[bookmark: _Toc481803834]The breakpoint distance for UE heights above 15m is beyond 5km under UMi.
[bookmark: _Toc481073672][bookmark: _Toc481626004][bookmark: _Toc481655760][bookmark: _Toc481694504][bookmark: _Toc481695511][bookmark: _Toc481766849][bookmark: _Toc481766883][bookmark: _Toc481766967][bookmark: _Toc481767006][bookmark: _Toc481767340][bookmark: _Toc481767406][bookmark: _Toc481767767][bookmark: _Toc481767784][bookmark: _Toc481767980][bookmark: _Toc481768444][bookmark: _Toc481803839]Consider to extend the UMi LOS pathloss model for UMi-AV.
NLOS pathloss model
RMa-AV
For RMa-AV, it can be seen in Figure 1 that the existing RMa NLOS model of TR38.901 works reasonablly well. It provides a upper bound for the measured pathloss data. Therefore, the existing RMa NLOS pathloss model can be extended to UE heights above 10m and 2D distance beyond 10km.
[bookmark: _Toc481803835]The existing RMa NLOS pathloss model of TR38.901 fits the measured data well.
[bookmark: _Toc481626005][bookmark: _Toc481655761][bookmark: _Toc481694505][bookmark: _Toc481695512][bookmark: _Toc481766850][bookmark: _Toc481766884][bookmark: _Toc481766968][bookmark: _Toc481767007][bookmark: _Toc481767341][bookmark: _Toc481767407][bookmark: _Toc481767768][bookmark: _Toc481767785][bookmark: _Toc481767981][bookmark: _Toc481768445][bookmark: _Toc481803840]Reuse the RMa NLOS pathloss model of TR38.901 for RMa-AV.
UMa-AV
For UMa-AV, it can be seen in Figure 4 that the 3GPP UMa NLOS pathloss model in TR38.901 does not provide a upper bound pathloss for the measured data. Note that there is an additional optional 3GPP UMa NLOS pathloss model in TR38.901, which does not have explicit UE height restriction. The corresponding pathloss vs. the measured data is shown in Figure 6. It can be seen that the optional UMa NLOS pathloss model in TR38.901 provies a upper bound for the measured data.
[bookmark: _Toc481803836]The optional UMa NLOS pathloss model fits the measured data well.
[bookmark: _Toc481626006][bookmark: _Toc481655762][bookmark: _Toc481694506][bookmark: _Toc481695513][bookmark: _Toc481766851][bookmark: _Toc481766885][bookmark: _Toc481766969][bookmark: _Toc481767008][bookmark: _Toc481767342][bookmark: _Toc481767408][bookmark: _Toc481767769][bookmark: _Toc481767786][bookmark: _Toc481767982][bookmark: _Toc481768446][bookmark: _Toc481803841]Consider to use the existing optional UMa NLOS pathloss model of TR38.901 for UMa-AV.
[image: C:\local_data\Air2ground\RAN1_89\uma_nlos_50.png][image: C:\local_data\Air2ground\RAN1_89\uma_nlos_30.png](b) Optional UMa NLOS model vs. measured data,  
roof top BS, UE height 30m. 
(a) Optional UMa NLOS model vs. measured data,  
roof top BS, UE height 50m. 

[bookmark: _Ref481623837]
Figure 6: Optional UMa NLOS pathloss model vs. measured data.
UMi-AV
For UMi-AV, we are processing measurement data and will update this section once the processing is finished. Note that there is an additional optional 3GPP UMi NLOS pathloss model in TR38.901, which does not have UT height restriction. This model could serve as a starting point.
Shadow fading
It is expected that the aerial UEs will experience much less shadowing compared to ground-level UEs since the space around the aerial UEs will be free from other objects. In LOS conditions, little or no shadowing is expected, while in NLOS there may be some more local signal strength variations due to terrain height or obstacle height variations. Therefore, for UE heights above 10m in RMa AV and above 22.5m in UMa AV/UMi AV, the following is tentatively proposed: 0 dB (LOS). For NLOS, we could tentatively use 4 dB for UE heights above 10m in RMa AV.
[bookmark: _Toc481694508][bookmark: _Toc481695515][bookmark: _Toc481766853][bookmark: _Toc481766887][bookmark: _Toc481766971][bookmark: _Toc481767010][bookmark: _Toc481767344][bookmark: _Toc481767410][bookmark: _Toc481767770][bookmark: _Toc481767787][bookmark: _Toc481767983][bookmark: _Toc481768447][bookmark: _Toc481803842]For UE heights above 10m in RMa AV and above 22.5m in UMa AV/UMi AV, consider to use 0dB shadowing for LOS.
[bookmark: _Toc481767345][bookmark: _Toc481767411][bookmark: _Toc481767771][bookmark: _Toc481767788][bookmark: _Toc481767984][bookmark: _Toc481768448][bookmark: _Toc481803843]For UE heights above 10m in RMa AV, consider to use 4dB shadowing for NLOS.
Table 2 is a summary of our overall proposals on pathloss models for aerial studies.
[bookmark: _Ref481062750]Table 2: Proposed pathloss models for aerial studies.
	Scenario
	Pathloss [dB], fc is in GHz and distance is in meters

	Shadow 
fading 
std [dB]
	Applicability range of
antenna height 

	RMa AV LOS (Aerial UE)
	Same as RMa LOS defined in TR38.901
	Same as in TR38.901
	


	
	






with modified breakpoint distance   defined in Eq.(1)
	0
	


	RMa-AV NLOS (Aerial UE)
	Same as RMA NLOS defined in TR38.901
	Same as in TR38.901
	


	
	Same as RMA NLOS defined in TR38.901
	4
	


	UMa LOS (Aerial UE)
	Same as UMA LOS defined in TR38.901 
	Same as in TR38.901
	


	
	Same as UMA LOS defined in TR38.901, with modified breakpoint distance  as in Eq.(2) and Eq.(3)
	0
	


	UMa NLOS (Aerial UE)
	Same as optional UMA NLOS defined in TR38.901
	Same as in TR38.901
	

	UMi LOS,
(Aerial UE)
	Same as UMi LOS defined in TR38.901
	Same as in 38.901
	


	
	Same as UMi LOS defined in TR38.901
	0
	


	UMi NLOS (Aerial UE)
	TO BE UPDATED
	
	



[bookmark: _Toc481073673][bookmark: _Toc481626007][bookmark: _Toc481655763][bookmark: _Toc481694509][bookmark: _Toc481695516][bookmark: _Toc481766854][bookmark: _Toc481766888][bookmark: _Toc481766972][bookmark: _Toc481767011][bookmark: _Toc481767346][bookmark: _Toc481767412][bookmark: _Toc481767772][bookmark: _Toc481767789][bookmark: _Toc481767985][bookmark: _Toc481768449][bookmark: _Toc481803844]Consider to use the pathloss models summarized in Table 2 for aerial studies.
Fast Fading Model
For aerial vehicles, there is no surrounding objects at heights above surrounding buildings. It is therefore expected that there will be very little or no local scattering around the aerial UE, and thus the multi-cluster models in TR38.901 may no longer be valid for aerial UEs. In LOS conditions and when the base station is elevated above the local cluster such as in the RMa-AV and UMa-AV scenarios, some weak multipath may result from scattering and reflections from terrain and buildings along or below the propagation path. This multipath may become relatively stronger in NLOS conditions where the direct path is attenuated by obstructions or the terrain. However, the UMi-AV scenario can actually be linked to a “reverse” UMa scenario in that the base station is below the average rooftop height while the UE is well above it. Considering these observations, it is proposed to model the RMa-AV and UMa-AV scenarios at UE heights above 10 or 22.5 m, respectively, with simpler CDL-like channel models that account for the low amount of multipath, while the UMi-AV scenario for UE heights above 22.5 m is proposed to be modelled by the regular UMa channel but with the BS and UE spreads interchanged. 
We propose to use the LOS CDL-D model defined in TR38.901 for the purpose when aerial UEs are above 22.5m in UMa AV and above 10m in RMa AV. While the existing cluster models are used for aerial UEs otherwise.
The fast fading for LOS aerial UEs above 22.5m in UMa AV and above 10m in RMa AV 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 for channel coefficient generation where the LOS AOD/AOA/ZOD/ZOA are used in the CDL-D models
The angle values of CDL-D model are further scaled according to section 7.7.5.1 of TR38.901 with the actual LOS AOA, LOS AOD, LOS ZOA and LOS ZOD of a dropped aerial UE as the desired mean AOA, AOD, ZOA and ZOD, respectively. Considering the expected lack of local scattering around the aerial UE and the corresponding lack of multipath, the desired angular spreads to which the CDL-D should be scaled are proposed in Table 3.
[bookmark: _Ref481070958]Table 3: Desired angular spreads 
	Parameter
	ASA
	ASD
	
	ZSA
	ZSD
	K-factor

	Unit
	º
	º
	
	º
	º
	dB

	UMa LOS
	0.5
	0.5
	
	0.1
	0.1
	20

	UMa NLOS
	1
	1
	
	0.3
	0.3
	10

	RMa LOS
	0.2
	0.2
	
	0.1
	0.1
	20

	RMa NLOS
	0.5
	0.5
	
	0.2
	0.2
	10


Note: the respective cluster spreads should be scaled accordingly to values that are a fraction 1/5 of the corresponding angular spreads. Further, an XPD of 20 dB should be used in LOS and 10 dB in NLOS. 
The delay spread values of CDL-D can be scaled according to section 7.7.3 of TR38.901 with desired delay spread value   given in Table 4.
[bookmark: _Ref481072677]Table 4: desired delay spread values for different scenarios
	Scenario
	


	RMa -AV LOS
	10 ns

	RMa-AV NLOS
	30 ns

	UMa-AV LOS
	10 ns

	UMa-AV NLOS
	30 ns



The K-factor of the CDL-D model can be scaled to the desired K-factor according to section 7.7.6 of TR38.901.   
[bookmark: _Toc481073674][bookmark: _Toc481626008][bookmark: _Toc481655764][bookmark: _Toc481694510][bookmark: _Toc481695517][bookmark: _Toc481766855][bookmark: _Toc481766889][bookmark: _Toc481766973][bookmark: _Toc481767012][bookmark: _Toc481767347][bookmark: _Toc481767413][bookmark: _Toc481767773][bookmark: _Toc481767790][bookmark: _Toc481767986][bookmark: _Toc481768450][bookmark: _Toc481803845]Consider to adopt the CDL-D model with additional scaling on angular spread, delay spread as well as K-factor as specified in Table 3 and Table 4 for fast fading modeling aerial UEs above 22.5m under UMa-AV and above 10m under RMa-AV.
[bookmark: _Toc481073675][bookmark: _Toc481626009][bookmark: _Toc481655765][bookmark: _Toc481694511][bookmark: _Toc481695518][bookmark: _Toc481766856][bookmark: _Toc481766890][bookmark: _Toc481766974][bookmark: _Toc481767013][bookmark: _Toc481767348][bookmark: _Toc481767414][bookmark: _Toc481767774][bookmark: _Toc481767791][bookmark: _Toc481767987][bookmark: _Toc481768451][bookmark: _Toc481803846]For aerial UEs below 22.5 m in UMa-AV or below 10m in RMa-AV, the existing multi-cluster fast fading models in TR38.901 are used.
[bookmark: _Toc481626010][bookmark: _Toc481655766][bookmark: _Toc481694512][bookmark: _Toc481695519][bookmark: _Toc481766857][bookmark: _Toc481766891][bookmark: _Toc481766975][bookmark: _Toc481767014][bookmark: _Toc481767349][bookmark: _Toc481767415][bookmark: _Toc481767775][bookmark: _Toc481767792][bookmark: _Toc481767988][bookmark: _Toc481768452][bookmark: _Toc481803847]For aerial UEs above 22.5 m in UMi-AV, consider reusing the existing multi-cluster fast fading model for UMa but with the angular spreads at base station and UE interchanged. While for aerial UEs below 22.5m, the existing multi-cluster fast fading models in TR38.901 are used.
Conclusions
In this contribution, we have discussed channel modeling for aerial UEs.  We made the following observations:
Observation 1	For aerial UEs at heights above 10m and at 2D distances beyond 10km, pathloss provided by a simple extension of the RMa model does not fit well to the measured data.
Observation 2	With a slight modification of the breakpoint distance for UEs above 22.5m, the UMa LOS pathloss model can be extended for UMa -AV.
Observation 3	The breakpoint distance for UE heights above 15m is beyond 5km under UMi.
Observation 4	The existing RMa NLOS pathloss model of TR38.901 fits the measured data well.
Observation 5	The optional UMa NLOS pathloss model fits the measured data well.

Based on the discussion in this contribution we propose the following:
Proposal 1	Consider to use the RMa-AV LOS pathloss model in Table 1 with the modified breakpoint distance described in Eq.(1) for UE heights above 10m.
Proposal 2	Consider to reuse the UMa LOS pathloss model of TR38.901 for UMa-AV with a slight modification of the breakpoint distance for UE heights above 22.5m.
Proposal 3	Consider to extend the UMi LOS pathloss model for UMi-AV.
Proposal 4	Reuse the RMa NLOS pathloss model of TR38.901 for RMa-AV.
Proposal 5	Consider to use the existing optional UMa NLOS pathloss model of TR38.901 for UMa-AV.
Proposal 6	For UE heights above 10m in RMa AV and above 22.5m in UMa AV/UMi AV, consider to use 0dB shadowing for LOS.
Proposal 7	For UE heights above 10m in RMa AV, consider to use 4dB shadowing for NLOS.
Proposal 8	Consider to use the pathloss models summarized in Table 2 for aerial studies.
Proposal 9	Consider to adopt the CDL-D model with additional scaling on angular spread, delay spread as well as K-factor as specified in Table 3 and Table 4 for fast fading modeling aerial UEs above 22.5m under UMa-AV and above 10m under RMa-AV.
Proposal 10	For aerial UEs below 22.5 m in UMa-AV or below 10m in RMa-AV, the existing multi-cluster fast fading models in TR38.901 are used.
Proposal 11	For aerial UEs above 22.5 m in UMi-AV, consider reusing the existing multi-cluster fast fading model for UMa but with the angular spreads at base station and UE interchanged. While for aerial UEs below 22.5m, the existing multi-cluster fast fading models in TR38.901 are used.
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