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1 Introduction
A new Study Item on “Study on Enhanced Support for Aerial Vehicles” was approved in RAN#75 meeting [1] with the following agreement for field measurement result collection in Aerial Vehicles during RAN1#90bis meeting [2].
· One or more field measurement results are to be included in the TR, where the field measurement results are chosen from (a subset or all of them, up for further discussion in RAN1#91) at least the following: 
· Number of detected cells
· Serving cell RSRP/RSRQ
· Neighbour cell RSRP/RSRQ
· RSSI
· RSRP gap between serving cell and each other detected cells
· Distance to serving cell
· Distance to neighbor cells
· RS-SINR (refer to section 5.1.23 of TS 36.214)
· PDCCH BLER
· UL data rate

In this contribution, we share our field measurement results below for Aerial Vehicles performed in a rural area macro network in Denmark. 
· Number of detected cells (Section 2.1) 
· RSRP of serving cell and neighbor cells (Section 2.2)
· RSRQ of serving cell and neighbor cells (Section 2.3)
· RSSI (Section 2.4)
· RSRP gap between serving cell and each other detected cell (Section 2.5)
· Distance to serving cell and neighbor cells (Section 2.6)


2 Field Measurement Results in A Rural Macro Area
In order to understand the effects of UEs being elevated from the ground a set of radio channel measurements were performed by using a drone and an existing rural area LTE network operating at 800MHz carrier frequency. The measurement setup is summarized in Table 2.0. 

Table 2.0: Drone radio channel measurement setup in a rural macro scenario
	Setup information
	Value

	Radio scanner equipment
	Rohde & Schwarz mobile network TSMA scanner

	Technology
	LTE

	Frequency Band (MHz)
	800

	Measurement Height (m)
	1.5
	15
	30
	60
	120

	Sampling Rate (Hz)
	8.9
	9.3
	6.1
	6.1
	3.7

	RSRP Sensitivity (dBm)
	-137
	-110
	-102.7
	-100.2
	-98.1



The measurement area for results presented in section 2.1 to 2.6 is depicted in Figure 2.0. There were over 180 sites (562 cells) in the measurement area (area of 4070 sqkm, with radius 36km around the measurement locations) with antenna heights ranging from 19m to 50m and antenna down-tilting angles from 0 to 9 degrees. 
[image: C:\Users\istvanko\AppData\Local\Temp\wzf530\Map.png]
Figure 2.0 Rural network layout (deployment) with 2.2 km average ISD. The black circles indicate the locations where the drone channel measurements have been performed.
[bookmark: _Hlk498583201][bookmark: _Hlk498583694][bookmark: _Hlk498583315][bookmark: _Hlk498583394]The measurements were performed using a Rohde & Schwarz mobile network TSMA scanner. The airborne data was collected by attaching the measurement device underneath a commercial UAV. A dipole antenna connected to the network scanner was used to receive the radio signals from the live LTE network. The UAV was flown in 2 different locations in circular routes with a radius of 200m. In order to sample the height dimension, the UAV circular routes were repeated at four different heights: 15m, 30m, 60m and 120m, measured from ground level at the take-off point. The ground level data was collected by performing a drive-test with the antenna at 1.5m height, in the roads surrounding the areas of the selected UAV flight routes. The ground UE and UAV moving speed was around 15km/h.


2.1 Number of detected cells
The percentage of number of detected cells (within the measurement area of 4070 sqkm and total 562 cells) for each measured height is shown in Figure 2.1 and Table 2.1.
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Figure 2.1 Percentage of number of detected cells (within the measurement area) for each measured height.


Table 2.1 Percentage of number of detected cells (within the measurement area) for each measured height.
	
	TU@1.5m
	AV@15m
	AV@30m
	AV@60m
	AV@120m

	Percentage of number of detected cells
	4.8%
	2.7%
	3.7%
	5.8%
	8.6%



Observation 1: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, only up to 8.6% of the cells have been detected by the aerial vehicle when flying at 120m height.



2.2 RSRP 
Figure 2.2 shows the CDF of RSRP including serving cell and detected neighbour cells for each measured height (one figure for one height).
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Figure 2.2 CDF of RSRP including serving cell and detected neighbour cells 
for each measured height (one figure for one height).

[bookmark: _GoBack]Observation 2: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, the mean measured RSRP values were in the -99dBm to -126dBm range for terrestrial UE locations, and up to a -75dBm to -91dBm range for aerial UE locations at 120m height.
2.3 RSRQ 
Figure 2.3 shows the CDF of RSRQ including serving cell and detected neighbour cells measured for each measured height (one figure for one height). These RSRQ values are reported by the measurement equipment (radio network scanner) corresponding to one antenna port, and cover larger range than normally reported by a 3GPP UE (-3dB to -19.5dB).
[image: ]
[image: ]  [image: ]
[image: ]  [image: ]
Figure 2.3 CDF of RSRQ including serving cell and detected neighbour cells measured 
for each measured height (one figure for one height).

Observation 3: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, the mean measured RSRQ values were in the -12dB to -29dB range for terrestrial UE and aerial UE locations.
2.4 RSSI 
Figure 2.4 shows the CDF of RSSI for each measured height (one figure for all heights). These RSSI values are simply calculated as the difference between the corresponding RSRP and RSRQ values reported by the measurement equipment.
[image: ]
Figure 2.4 CDF of RSSI (serving cell) for each measured height.

Observation 4: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, the mean measured RSSI was -87dBm for terrestrial UE locations and up -63dBm for aerial UE locations at a 120m height.



2.5 RSRP gap
Figure 2.5-1 shows the CDF of RSRP gap between serving cell and detected neighbour cells for each measured height (one figure for one height).  Figure 2.5-2 and Table 2.5 show the UE percentage with RSRP gap of 6dB. The ‘UE percentage’ is equivalent to percentage of UE locations during the measurements.
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Figure 2.5-1 CDF of RSRP gap between serving cell and detected neighbour cells for each measured height (one figure for one height).

[image: ]
Figure 2.5-2 UE percentage with RSRP gap of 6dB. ‘UE percentage’ is equivalent to percentage of UE locations during the measurements

Table 2.5 Percentage of UEs with at least N strongest neighbour cells (within an RSRP gap of 6dB). ‘UE percentage’ is equivalent to percentage of UE locations during the measurements
	
	TU@1.5m
	AV@15m
	AV@30m
	AV@60m
	AV@120m

	N=1
	33%
	21%
	39%
	41%
	55%

	N=2
	19%
	4%
	29%
	32%
	50%

	N=3
	9%
	1%
	17%
	27%
	42%

	N=4
	4%
	0%
	10%
	21%
	37%

	N=5
	1%
	0%
	5%
	13%
	27%

	N=6
	0%
	0%
	2%
	8%
	18%

	N=7
	0%
	0%
	0%
	3%
	8%

	N=8
	0%
	0%
	0%
	2%
	5%

	N=9
	0%
	0%
	0%
	1%
	2%

	N=10
	0%
	0%
	0%
	1%
	1%



Observation 5: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, for 6dB RSRP gap up to 5 strong interfering cells have been estimated for terrestrial UE locations and up to 10 for aerial UE locations at 120m height.



2.6 Distance to serving cell and neighbor cells
Figure 2.6 shows the CDF of distance to serving cell and detected neighbour cells (one figure for one height).
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Figure 2.6 CDF of distance to serving cell and detected neighbour cells (one figure for one height).

Observation 6: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, the mean distance to the furthest detected neighbour cells was 18km for terrestrial UE locations and 23km for aerial UE locations at 120m height.
Proposal 1: Capture the rural macro area field measurement results in Section 2 into the TR.
3 Conclusions
In this contribution, we share our field measurement results for Aerial Vehicle performed in a rural area macro network, with the following observations and proposal:
Observation 1: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, only up to 8.6% of the cells have been detected by the aerial vehicle when flying at 120m height.
Observation 2: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, the mean measured RSRP values were in the -99dBm to -126dBm range for terrestrial UE locations, and up to a -75dBm to -91dBm range for aerial UE locations at 120m height.
Observation 3: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, the mean measured RSRQ values were in the -12dB to -29dB range for terrestrial UE and aerial UE locations.
Observation 4: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, the mean measured RSSI was -87dBm for terrestrial UE locations and up -63dBm for aerial UE locations at a 120m height.
Observation 5: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, for 6dB RSRP gap up to 5 strong interfering cells have been estimated for terrestrial UE locations and up to 10 for aerial UE locations at 120m height.
Observation 6: In a typical rural area of 4070 sqkm with an average network ISD=2.2km, the mean distance to the furthest detected neighbour cells was 18km for terrestrial UE locations and 23km for aerial UE locations at 120m height.
Proposal 1: Capture the rural macro area field measurement results from Section 2 into the TR.
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