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1. Introduction
Channel modeling for UAV in the LTE bands has been discussed in previous two meetings and many agreements have been reached regarding pathloss, shadow fading, and LOS probability. For UAV fast fading modeling, there are at least three options [1]:
· Option 1 (proposed by Ericsson) is to use CDL-D model with fixed angular spreads, delay spread, and K scaling factors for RMa-AV and UMa-AV. Use “reverse” UMa from [2] for UMi-AV.
· Option 2 (proposed by Huawei/ZTE) is to use parameterized lognormal LSPs following the same fast fading procedure of [2].
· Option 3 (proposed by Qualcomm) is to reuse [2] models with fixed Rician K factor.
We can compare these three options in the UMa-AV scenario from their proposed large scale parameter (LSP) values in the following tables. Table 1 lists the fixed UMa-AV LSP values to be used in option 1. Table 2 lists the range of option 2 LSPs that covers 68% probability around the mean (i.e., ]), at UE height 50m, 100m, and 300m[footnoteRef:1]. Table 3 is the 68% LSP range in the terrestrial model [2] used by option 3. [1:  The ASA parameterization at 300m UE height may need a fix.] 


	Parameter
	ASA
	ASD
	ZSA
	ZSD
	K
	Delay spread

	Unit
	º
	º
	º
	º
	dB
	ns

	UMa LOS
	0.5
	0.5
	0.1
	0.1
	20
	10

	UMa NLOS
	1
	1
	0.3
	0.3
	10
	30


Table 1. Ericsson proposed scaling parameters for CDL-D as UMa-AV fast fading model
	
	ASA (°)
	ASD (°)
	ZSA (°)
	DS (ns)

	50m LOS
	[0.0, 0.0]
	[2.0, 216.7]
	[0.1, 4.1]
	[7.0, 257.4]

	50m NLOS
	[0.0, 0.0]
	[2.2, 202.8]
	[0.0, 4.4]
	[3.6, 129.2]

	100m LOS
	[0.0, 0.0]
	[2.2, 212.2]
	[0.1, 2.8]
	[5.0, 236.6]

	100m NLOS
	[0.0, 0.0]
	[7.8, 286.4]
	[0.1, 1.9]
	[4.8, 84.2]

	300m LOS
	[0.0, 3.3e5]?
	[2.1, 199.6]
	[0.1, 1.2]
	[1.9, 314.2]

	300m NLOS
	[0.0, 8.1e11]?
	[83.5, 350.6]
	[0.2, 0.5]
	[10.1, 32.4]


Table 2. Range of LSP covered ±σ from the mean (68% probability) in Huawei/ZTE proposal of lognormal LSP parameters for UMa-AV fast fading at different UE heights
	
	ASA (°)
	ASD (°)
	ZSA (°)
	DS (ns)

	UMa LOS
	[40.7, 102.3]
	[5.6, 20.2]
	[6.2, 12.9]
	[22.7, 474.3]

	UMa NLOS
	[77.4, 128.4]
	[15.3, 55.7]
	[18.0, 37.5]
	[185.6, 1118.4]


Table 3. Range of LSP covered ±σ from the mean (68% probability) in TR38.901 UMa model for fc=2 GHz


2. Ray tracing simulations
To check these fast fading proposals, we conducted 3D ray tracing simulations in the urban macro environment, using a street map data of Aalborg, Denmark. The simulations cover a 1000m x 780m area, as shown in Figure 1, where a base station antenna of 25m is placed at a street corner roughly in the center of the map and outdoor UEs at 50m, 100m, 300m heights are randomly dropped. 

[image: ]
Figure 1. Aalborg street map data for ray tracing
In this setting, line-of-sight (LOS) makes up 87%, 94%, 100% of the total links for UE height 50m, 100m, 300m respectively. From the ray tracing output, we computed the power weighted RMS of AOD, AOA, ZOD, ZOA, delay, and Rician K factor. The cumulative probability density functions of these LSPs are plotted in Figure 2 (a) to (f).
One can easily notice that the azimuth and elevation angular spreads (ASA, ZSA) at the aerial UE are in general much smaller than the angular spreads at the terrestrial UE in [2]. As we would expect, the angular spreads become smaller as the UE height increases. For LOS links, both ASA and ZSA are getting smaller as the UE moves up (see Figure 3 (a)), because the reflection area of the clusters accounts for a smaller portion in the aerial UE’s angular domain. The delay spread for LOS links is also very small and decreasing as the UE height increases (see Figure 3 (b)). 
An interesting observation is that NLOS links’ ASA and DS distributions change significantly from UE height 50m to 100m (see Figure 2 (b), (e)). Signal paths at 50m are far more diverse than at 100m. This indicates that height dependent parameterization is important for NLOS links.
Another surprise to notice is that for LOS links, the elevation angular spread at base station (ZSD) has a large increase from UE height 100m to 300m (see Figure 2 (c)). This is likely due to the ground reflection, which has a departing angle further away from the LOS angle as the UE height increases.
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(b) ASA

	[image: ]
(c) ZSD
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(d) ZSA
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(e) DS
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Figure 2. Observed large scale parameter CDF distributions in UMa scenario for UE height 50m, 100m, 300m: (a) ASD, (b) ASA, (c) ZSD, (d) ZSA, (e) DS, (f) Rician K
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Figure 3. ASA (a) and DS (b) distribution in UMa-LOS scenario for UE height 50m, 100m, 300m
Neither Ericsson’s CDL-D model (its LSP values in Table 1) nor Huawei/ZTE’s lognormal LSP model for the UMa environment seems to capture what we have observed in ray tracing. The angular spreads and delay spread at the aerial UE are larger than those models suggest. There is also a strong UE height dependency on the distributions of angular and delay spreads. For NLOS links especially, ASA, ASD, and DS distributions can change widely across the range of UE height. 
Observation: Compared with ray tracing results, Option 1 is over simplified without considering UE height and its angular spreads and delay spread are too small. Option 2 ASA and DS seem too small and does not account for the UE height dependent variation for NLOS. Its ASA and ASD parameterizations break down at the 300m maximum UE height. Option 3 (reusing TR38.901 with K=15 dB) does not reflect the dramatically different ASA, ZSA, DS distributions for the aerial UE.
3. Way forward
Since there is no extensive UAV channel measurements available, it is most reasonable to keep the fast fading model simple while capturing channel parameter variation across the entire UE height range. We have not seen reliable data sets that can be used to derive a complete geometry-based fast fading model as in [2]. On the other hand, using the existing terrestrial model for UAV ignores the fundamental propagation difference between the terrestrial and the aerial UEs. 
In comparison, adopting CDL model with proper LSP (DS, ASD, ASA, ZSD, ZSA, K) scaling seems like a good approach. However, the current proposal of scaling factors for CDL model is over simplified and does not match ray tracing results. We see the need for a simple parameterization of the LSPs, e.g., lognormal distribution with μ and σ, for different UE heights. In addition, those LSPs can be generated stochastically for each link and then used accordingly for scaling the CDL model. We have no objection of using CDL-D, but we think for a NLOS link, its specular component should be deleted and the rest of clusters’ power re-normalized.
Proposal: Simple parameterization of lognormal LSP distribution based on the UE height. LSPs are stochastically generated for each link and then used to scale the clusters in the CDL-D model.
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