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Introduction
In RAN#75, the study item on enhanced LTE support for aerial vehicles was approved [1]. The objective of the study is to investigate various RAN1 and RAN2 aspects associated with using terrestrial LTE networks to provide connectivity to aerial vehicles.  In RAN1#90, it was acknowledged that RSRP statistics could shed some light on interference detection. Thus, it was agreed in RAN1#90 that companies are encouraged to provide RSRP statistics. In a follow-up email discussion, the following 2D-distance-based RSRP statistics collection method has been discussed: 

· Only aerial UEs are evaluated 
· UE location: 
· Fixed 2D distance and UE height are assumed 
· 



Fixed 2D distances of , , , and  are considered as shown in figure to the right.  
· 

For fixed 2D distances of  and , all UEs dropped in the entire yellow and red circles are considered.
· 
For fixed 2D distance of , UEs dropped in the arc marked by the blue stars are considered.
· 
For fixed 2D distance of , UEs dropped in the area marked by green stars are considered.
· Fixed UE heights are 1.5, 50, 100, 200, 300 m 
· Small scale fading is not modeled 
· RSRP gap between serving cell and n-th strongest neighbor cell is observed 
· n = 1, 3, 5, 7, 9 
[image: ]
Figure 1 : UE dropping for fixed 2D distances
[bookmark: _Hlk498711648]In this contribution, we update RSRP statistics according to the above agreed methodology. 

RSRP Statistics
RSRP gap is defined as the ratio between the serving cell RSRP and a neighbour cell RSRP. To understand how the RSRP gap between the serving cell and the n-th strongest neighbour cell varies with height and distance, we performed simulations with 100% aerial UEs, where UEs are deployed in a circle around the base stations with a constant 2D distance,  and constant height, .  
The simulation results for UMa-AV, UMi-AV, and RMa-AV are given in the Appendix A, B, and C, respectively. In the following discussion, we focus on UMa-AV, while similar trends are observed for the RSRP gap statistics for UMi-AV and RMa-AV.
From the simulation results, the variations of RSRP gap with the n-th strongest interferer (n=1, 3, 5, 7, 9) for a fixed height () and distance () are shown in Figure 2 and Figure 3.
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Figure 2 : Variation of RSRP gap associated with the nth strongest interferer in UMa-AV with  m
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Figure 3: Variation of RSRP gap associated with the nth strongest interferer in UMa-AV with  m
From the measurement log in Appendix-A, the variations of RSRP gap with height () and distance () are shown in Figure 4 and Figure 5.
[image: ]
Figure 4: RSRP gap variation in UMa-AV with height () for  and m
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Figure 5: RSRP gap variation in UMa-AV with height () for  and m
From the above results, we make the following observation and proposal:
[bookmark: _Toc498711709]RSRP gap statistics at UE heights higher than eNB antenna height are dramatically different from RSRP gap statistics at the ground level.
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Conclusions
In this contribution, we update RSRP statistics according to the agreed methodology.  Based on the discussion in the contribution, we make the following observation and proposal:
Observation 1	RSRP gap statistics at UE heights higher than eNB antenna height are dramatically different from RSRP gap statistics at the ground level.

Proposal 1	Capture RSRP gap statistics presented herein in the TR
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Appendices
0. Appendix-A – UMa-AV
	 
	RSRP gap between serving cell and n-th strongest neighbor cell: UMa-AV

	 
	UE heights\d_2D
	0.25*(2/3)*ISD
	0.5*(2/3)*ISD
	0.75*(2/3)*ISD
	1.0*(2/3)*ISD

	RSRP
	1.5
	-34.08 
	-42.32 
	-49.17 
	-49.63 

	
	50
	-41.45 
	-40.76 
	-39.01 
	-38.60 

	
	100
	-41.43 
	-44.80 
	-45.28 
	-44.14 

	
	200
	-50.63 
	-49.92 
	-48.82 
	-47.13 

	
	300
	-53.20 
	-51.29 
	-51.85 
	-51.20 

	n=1
	1.5
	16.75 
	13.67 
	8.55 
	7.53 

	
	50
	2.12 
	2.70 
	2.68 
	2.55 

	
	100
	6.60 
	2.13 
	2.67 
	3.21 

	
	200
	0.93 
	1.91 
	2.22 
	1.35 

	
	300
	0.95 
	2.91 
	1.91 
	0.78 

	n=3
	1.5
	34.00 
	26.16 
	23.51 
	24.51 

	
	50
	4.87 
	6.08 
	6.98 
	7.33 

	
	100
	9.02 
	5.03 
	5.83 
	5.85 

	
	200
	2.52 
	4.16 
	3.76 
	5.07 

	
	300
	4.54 
	5.29 
	4.30 
	4.29 

	n=5
	1.5
	41.21 
	33.42 
	30.54 
	31.65 

	
	50
	7.08 
	8.36 
	9.84 
	10.72 

	
	100
	10.41 
	6.74 
	7.40 
	7.70 

	
	200
	4.35 
	5.79 
	4.70 
	6.19 

	
	300
	6.74 
	7.15 
	5.39 
	5.50 

	n=7
	1.5
	46.69 
	38.86 
	34.42 
	34.93 

	
	50
	9.10 
	10.25 
	12.03 
	13.01 

	
	100
	11.61 
	8.14 
	8.77 
	9.18 

	
	200
	6.44 
	7.21 
	5.81 
	7.51 

	
	300
	8.18 
	8.09 
	7.27 
	6.63 

	n=9
	1.5
	52.16 
	43.14 
	37.11 
	37.05 

	
	50
	11.08 
	11.96 
	13.88 
	14.85 

	
	100
	12.90 
	9.46 
	10.14 
	10.50 

	
	200
	8.57 
	8.96 
	12.11 
	15.19 

	
	300
	10.51 
	9.81 
	9.39 
	9.71 



0. [bookmark: _GoBack]Appendix-B – UMi-AV
	 
	RSRP gap between serving cell and n-th strongest neighbor cell: UMi-AV

	 
	UE heights\d_2D
	0.25*(2/3)*ISD
	0.5*(2/3)*ISD
	0.75*(2/3)*ISD
	1.0*(2/3)*ISD

	 RSRP
	1.5
	-19.91 
	-41.60 
	-53.56 
	-52.88 

	
	50
	-39.21 
	-45.43 
	-45.05 
	-42.83 

	
	100
	-41.19 
	-46.78 
	-46.87 
	-45.41 

	
	200
	-48.51 
	-47.42 
	-50.12 
	-52.46 

	
	300
	-52.34 
	-50.67 
	-47.85 
	-47.19 

	n=1
	1.5
	18.09 
	10.25 
	6.33 
	6.25 

	
	50
	8.79 
	2.38 
	3.03 
	2.85 

	
	100
	7.54 
	3.20 
	2.69 
	2.23 

	
	200
	3.84 
	3.96 
	2.81 
	2.95 

	
	300
	2.05 
	2.45 
	2.02 
	1.87 

	n=3
	1.5
	34.86 
	18.84 
	12.23 
	11.81 

	
	50
	12.93 
	5.91 
	7.00 
	6.60 

	
	100
	11.44 
	7.06 
	5.16 
	6.42 

	
	200
	5.93 
	7.00 
	6.77 
	5.91 

	
	300
	3.93 
	5.35 
	10.09 
	12.56 

	n=5
	1.5
	42.90 
	23.24 
	15.90 
	16.03 

	
	50
	15.89 
	9.26 
	10.17 
	10.18 

	
	100
	13.80 
	10.26 
	7.63 
	8.53 

	
	200
	7.23 
	8.79 
	8.85 
	7.75 

	
	300
	5.45 
	7.22 
	12.31 
	14.34 

	n=7
	1.5
	46.89 
	26.47 
	18.56 
	18.70 

	
	50
	18.36 
	12.52 
	13.43 
	14.58 

	
	100
	18.29 
	12.60 
	10.69 
	11.48 

	
	200
	8.36 
	10.28 
	10.75 
	9.59 

	
	300
	6.92 
	8.66 
	13.84 
	15.35 

	n=9
	1.5
	49.98 
	29.17 
	20.79 
	20.92 

	
	50
	20.71 
	15.56 
	16.56 
	18.12 

	
	100
	21.45 
	14.78 
	14.14 
	16.69 

	
	200
	9.57 
	11.66 
	12.62 
	11.24 

	
	300
	8.30 
	9.97 
	14.99 
	16.25 



0. Appendix-C – RMa-AV
	 
	RSRP gap between serving cell and n-th strongest neighbor cell: RMa-AV

	 
	UE heights\d_2D
	0.25*(2/3)*ISD
	0.5*(2/3)*ISD
	0.75*(2/3)*ISD
	1.0*(2/3)*ISD

	RSRP
	1.5
	-23.40 
	-34.61 
	-35.88 
	-34.08 

	
	50
	-41.19 
	-39.00 
	-37.72 
	-36.80 

	
	100
	-45.98 
	-38.77 
	-43.89 
	-44.51 

	
	200
	-44.09 
	-41.61 
	-41.74 
	-41.12 

	
	300
	-46.63 
	-44.71 
	-43.45 
	-42.80 

	n=1
	1.5
	16.61 
	11.21 
	10.87 
	11.74 

	
	50
	1.92 
	2.49 
	2.54 
	2.84 

	
	100
	1.99 
	8.14 
	2.74 
	2.09 

	
	200
	1.33 
	1.86 
	4.08 
	2.47 

	
	300
	1.01 
	2.00 
	1.69 
	1.16 

	n=3
	1.5
	28.84 
	22.08 
	22.74 
	24.84 

	
	50
	4.07 
	5.46 
	6.34 
	7.04 

	
	100
	3.98 
	10.68 
	5.24 
	4.59 

	
	200
	4.05 
	7.75 
	12.01 
	14.13 

	
	300
	2.57 
	4.24 
	4.77 
	5.95 

	n=5
	1.5
	38.33 
	28.60 
	28.23 
	30.15 

	
	50
	5.65 
	7.40 
	8.83 
	9.76 

	
	100
	5.33 
	12.18 
	6.89 
	6.29 

	
	200
	6.77 
	11.63 
	13.89 
	15.63 

	
	300
	4.13 
	6.49 
	6.69 
	7.08 

	n=7
	1.5
	43.71 
	33.33 
	32.47 
	34.34 

	
	50
	7.08 
	8.96 
	10.79 
	11.78 

	
	100
	6.49 
	13.42 
	8.41 
	7.94 

	
	200
	15.99 
	15.22 
	16.15 
	17.02 

	
	300
	5.58 
	8.26 
	8.13 
	8.45 

	n=9
	1.5
	47.39 
	36.93 
	35.93 
	38.32 

	
	50
	8.54 
	10.38 
	12.51 
	13.57 

	
	100
	7.62 
	14.66 
	9.96 
	9.61 

	
	200
	19.63 
	18.49 
	17.90 
	18.23 

	
	300
	7.91 
	9.97 
	10.63 
	11.51 
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