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Introduction
This contribution provides a text proposal for field measurement results, which is proposed to be incorporated in the TR 36.777 for Study on Enhanced LTE Support for Aerial Vehicles. 
Proposal:  Incorporate the following text proposal in the TR for Study on Enhanced LTE Support for Aerial Vehicles (3GPP TR36.777).
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H.3

Field Trial 3 [22 and f26]

H.3.1
Setup
In order to understand the effects of UEs being elevated from the ground, a set of measurements were performed by using a drone and an existing LTE network operating at 800MHz carrier frequency. The measurement setup is summarized in Table H.3.1-1. 
Table H.3.1-1: Drone radio channel measurement setup
	Setup information
	Value

	Radio scanner equipment
	Radio network 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
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Figure H.3.1-1 Example for rural network layout (deployment) with typical large 2.2km average ISD. The black circles indicate the locations where drone channel measurements have been performed



The measurement area for results presented in Annex H.3.2 and I.3.2 is depicted in Figure H.3.1-1, corresponding to one of the LTE Operator networks. There were over 30 base stations in the measurement area with antenna heights ranging from 19m to 50m and antenna down-tilting angles from 0 to 9 degrees. The results presented in Annex I.3.2 include measurements from two different LTE networks deployed in the same area as depicted in Figure H.3.1-1: Operator 1 with average ISD of 2.2km and Operator 2 with average ISD of 3.8km. The other deployment characteristics of the Operator 2 network were similar to the Operator 1 network.
The measurements in section H.3.2 and I.3.2 were performed using a mobile network scanner. The airborne data was collected by attaching the measurement device underneath a commercial drone. A dipole antenna connected to the network scanner was used to receive the radio signals from the live LTE network. The drone was flown in 2 different locations, in circular routes with a radius of 200m. In order to sample the height dimension and analyze how it affects the results, the drone 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 routes. The ground UE and drone moving speed was around 15km/h.
H.3.2
Number of detected cell and cell changes
Figure H.3.2-1 shows the average number of detected cells per sample the network scanner used in the measurements delivered. The scanner can report up to 32 cells per sample and the sampling frequency is between 4 and 9 Hz. As can be seen at ground level the number of detectable cells is around 5, which fits with the fact that a measurement report can report the measurement of up to 8 neighbours. For increasing height, the number of detectable cells increases, so reports containing values of more than 8 cells can be considered. The Figure also shows the range of the detected cells in kilometres. The range is defined as the 90% of the distance distribution over all detected cells. As can be seen the range almost doubles from ground level up to 120 m. As the number of neighbours as well as the range of the detected cells increases, the risk of detecting cells with the same PCI value (PCI confusion) increases
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Figure H.3.2-1 Average number of detectable cells (represented by orange bars) and range of detected cells (represented by grey line) per height.
Data considering changes of the strongest cell was also collected. Figure H.3.2-2 shows the average number of cell changes per second for the different heights from two measurement locations. The numbers for two commercial LTE networks are shown. Operator 1 corresponds to the network shown in Figure H.3.1-1, while operator 2 has a sparser network. The locations selected here have a relatively low SINR and one can see that the number of strongest cell changes is relatively high. The highest values are seen at ground level, whereas the number drops when being in the air. Thus, a first observation can be made that being airborne may not lead to a higher number of mobility events. However, these measurements are just two observations, where for instance the movement was kept on the horizontal plane (at fixed height), so it may not hold for vertical movement, which was not tested during this trial.
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Figure H.3.2-2 Number of strongest cell change vs height for 2 measurement location and two different commercial networks.
The percentage of number of detected cells (within the measurement area of 4070 km2 and total 562 cells) for each measured height is further shown in Figure H.3.2-3 and Table H.3.2-1.
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Figure H.3.2-3: Percentage of number of detected cells (within the measurement area).

Table H.3.2-1: Percentage of number of detected cells (within the measurement area).

	
	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%


H.3.3
Distance to serving cell and neighbor cells statistics
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Figure H.3.3: CDF of distance to serving cell (highest RSRP) and detected neighbour cells.
Figure H.3.3 shows the CDF of distance to serving cell and detected neighbour cells (one subfigure for the CDF of distance to serving cell at all heights, and five subfigures for the CDF of distance to detected cells at the heights of 1.5m, 15m, 30m, 60m, and 120m). 

/************************ Unchanged parts omitted**************************/
H.6
Field Trial 6 [f27]
H.6.1 Setup

The measurement was conducted based on passive sounding equipment in a commercial LTE network. The sounding system was carried by aerial vehicle to collect the data along the pre-defined trajectories shown in Figure H.6.1-1 and H.6.1-2. The field trial was conducted in a suburban scenario. As shown in Figure H.6.1-1, the horizontal distances between base station and each measurement point are 100m, 200m, 300m, 400m and 500m, respectively. As shown in Figure H.6.1-2, the aerial vehicle was flown along a triangle route D-E-F with heights of 50m, 75m and 100m, respectively. More detailed configuration can be found in Table H.6.1. 
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         Figure H.6.1-1: 1st route in vertical direction               Figure H.6.1-2: 2nd route in horizontal
Table H.6.1: Trial setup
	Data
	Description

	Location
	Suburban area

	LTE Frequency
	2.585GHz

	Bandwidth
	18MHz

	Route
	Linear round-trip (1000m for one round) for Route 1.
Triangle (1500m for one round) for Route 2

	Speed
	2.5m/s (Vertical), 5.5m/s (Horizontal)

	Drone Altitude
	15m ,30m, 50m, 75m, 100m for trial1 (Figure X.4.1-1)
50m,75m, 100m for trail2 (Figure X.4.1-2)

	Antenna
	Disc-cone antenna


H.6.2 Number of detected cells statistics
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Figure H.6.2: Number of detected cells at different heights

Figure H.6.2 shows that the statistics of the numbers of detected cells at different heights.
H.7
Field Trial 7 [f28]
H.7.1 Setup

The measurements setup is summarized in Table H.7.1 below. The drone flying route is shown in Figure H.7.1-1 (a).  The flying route follows roughly the driving route of a car on the ground, which is shown in Figure H.7.1-1 (b). Figure H.7.1-2 shows the cell sites around the test area. 
Table H.7.1: Trial setup

	Data
	Description

	Location
	An area in Masala (Finland)

	Environment
	Sub-Urban

	Drone
	Controlled over Wi-Fi (LTE is only used for data transmission/reception)

	Drone UE
	Tems test mobile

	LTE Frequency
	800MHz

	Flight route
	(see Figure I.6.1-1)

	Drone Altitude
	0m (in a car), 50m, 150m

	Drone speed
	~18km/h (Car on the ground: 20km/h-40km/h)

	Data collection
	File upload



[image: image15]
Figure H.7.1-1: Drone flying route and car driving route.
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Figure H.7.1-2: Cell sites around the trial area
H.7.2 Number of detected cells statistics
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Figure H.7.2-1: Measured number of neighbor cells detected for different UE heights.
Table H.7.2-1: Number of detected neighbor cells

	Percentile
	UE height

	
	In Car
	50m
	150m

	90%
	4
	8
	8

	50%
	3
	5
	6

	5%
	1
	3
	3


The field trial results in Figure H.7.2-1 (summarized in Table H.7.2-1) show that the number of neighbor cells detected by the UE increases as height increases. The median number of neighbor cells are 3, 5 and 6 for UE in car, UE at 50m and UE at 150m, respectively.
H.7.3 Distance to serving and neighbor cells statistics
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Figure H.7.3-1: Measured distance to serving cell for different UE heights.
Table H.7.3-1: Distance to serving cell (in meter)

	Percentile
	UE height

	
	Car
	50m
	150m

	90%
	2553
	2460
	2248

	50%
	1975
	1931
	1845

	5%
	1662
	1748
	1285
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Figure H.7.3-2: Distance to neighbor cells for different UE heights.
Table H.7.3-2: Distance to neighbor cells (in meter)

	Percentile
	UE height

	
	Car
	50m
	150m

	
	N1
	N2
	N3
	N1
	N2
	N3
	N1
	N2
	N3

	90%
	2515
	41653
	41581
	5684
	40550
	31634
	4120
	41494
	41521

	50%
	2045
	3940
	4068
	2139
	5564
	5652
	2136
	4073
	5775

	5%
	1671
	1709
	1882
	1670
	1891
	1969
	1609
	1662
	1731


Figures H.7.3-1 and H.7.3-2 (summarized in Tables H.7.3-1 and H.7.3-2) show that the measured statistics of distances to serving cells and to neighbor cells.
H.8
Observations from field trials on mobility

Editor’s note: It is FFS whether to capture some or all of these observations in the main text of TR (in Section 6 and/or in Conclusion).

The number of detectable cells and the range of the detected cells increases with height. This also causes the risk of PCI confusion to increase with height. The number of strongest cell changes per second does decrease when the UE gets airborne.  

For rural area, in both lower and higher frequency, the serving cell change is moderate irrespective of different altitude. For suburban area, in both lower and higher frequency, the serving cell changes very frequently in higher altitude (100m, 150m).

Majority of the handover are completed within 20-40 ms, however, some handover interruption can be as high as 800ms. Current LTE networks can handle the handover for the aerial devices to some extent, however, some HO enhancements are beneficial to keep the interruption lower.  

The distribution of distance to serving cell demonstrated that aerial UE can be served by a geographically faraway cell compared to ground UE.  

/************************ Unchanged parts omitted**************************/
Annex I:
Field Trials Results on RSRP/RSRQ and other measurements

Field trials were performed by various companies to analyze characteristics of RSRP/RSRQ and other measurements for an aerial UE in a commercial LTE network, and to compare the characteristics between ground and airborne UEs. 

I.1
Field Trial 1 [20 and f29]

I.1.1
Setup
The field trial setup is explained in Annex H.1.1.

I.1.2
RSRP/RSRQ distribution for serving cell
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	Figure I.1.2-1: RSRP distribution for serving cell
	Figure I.1.2-2: RSRQ distribution for serving cell


It is seen that aerial UE observe higher RSRP than ground UEs. As a general trend, both RSRP and RSRQ decrease with altitude, but exact impact depends on antenna/frequency band. However, despite lower RSRQ, coverage for drone UE is not impacted.
I.1.3
Distribution of uplink transmit power
[image: image22.png]CDF

Band 700MHz

-15

-10 -5 0
UL Tx Pwr per RB (dBm/180kHz)

10

15




Figure I.1.3: Uplink transmit power
Figure I.1.3 shows the distribution of uplink transmit power for UEs at different altitudes. Due to the lower pathloss experienced by aerial UEs (and its effect in power control), it is observed that, in general, aerial UEs transmit at a lower transmit power than ground UEs (up to 13dB difference in 90% and 9dB difference in median transmit power).
/************************ Unchanged parts omitted**************************/
I.3
Field Trial 3 [22-24 and f26]

I.3.1
Setup
The trial setup is described in Annex H.3.1. The results presented in section I.3.2 include measurements from two different LTE networks deployed in the same area as depicted Figure H.3.1-1: Operator 1 with average ISD of 2.2km and Operator 2 with average ISD of 3.8km. The other deployment characteristics of the Operator 2 network were similar to the Operator 1 network.



	
	

	
	





I.3.2
RSSI vs ΔRSRP
Figure I.3.2-1 shows the RSSI vs the difference between the RSRP of the serving cell and the strongest (first) neighbor cell, referred to as ΔRSRP. Black dots corresponding to 1.5 m are terrestrial UEs whereas the other heights are airborne UEs. The four cases represent two different rural measurement locations and two different LTE network operators as summarized in Table I.3.2-1. 
Table I.3.2-1: Measurement case overview
	
	Operator 1
	Operator 2

	Measurement location 1
	Case 1
	Case 2

	Measurement location 2
	Case 3
	Case 4


The term ΔRSRP is a representation of the location in the cell, i.e. how close to the cell center the UE is located. The results are based on the measurements performed in real commercial LTE networks with drones at different heights for the 4 different cases.
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Case 3
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Figure I.3.2-1: RSSI vs ΔRSRP for different heights

I.3.3
RSRP statistics
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Figure I.3.3: CDF of RSRP including serving cell (highest RSRP) and detected neighbour cells

Figure I.3.3 shows the CDF of RSRP including serving cell and detected neighbour cells for each measured height (one subfigure for RSRP of serving cell at all heights, and five subfigures for RSRP of detected cells at the heights of 1.5m, 15m, 30m, 60m, and 120m).
I.3.4
RSRQ statistics
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Figure I.3.4: CDF of RSRQ including serving cell (highest RSRP) and detected neighbour cells
Figure I.3.4 shows the CDF of RSRQ including serving cell and detected neighbour cells for each measured height (one subfigure for the CDF of RSRQ of serving cell at all heights, and five subfigures for RSRP of detected cells at the heights of 1.5m, 15m, 30m, 60m, and 120m). 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).

I.3.5
RSSI statistics

[image: image42.emf]
Figure I.3.5: CDF of RSSI (corresponding to highest RSRP).

Figure I.3.5 shows the CDF of RSSI for each measured height. These RSSI values are simply calculated as the difference between the corresponding RSRP and RSRQ values reported by the measurement equipment.
I.3.6
RSRP gap statistics
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Figure I.3.6: CDF of RSRP gap between serving cell (highest RSRP) and detected neighbour cells.

Figure I.3.6 shows the CDF of RSRP gap between serving cell and detected neighbour cells for each measured height (one subfigure for the CDF of RSRP gap corresponding to the strongest neighbour cell at all heights, and five subfigures for the CDF of RSRP gap corresponding to detected cells at the heights of 1.5m, 15m, 30m, 60m, and 120m). 

I.4
Field Trial 4 [hh and f25]
I.4.1
Setup
The trial setup is described in H.4.1, except that the PDCCH block error rate performance in Section I.4.4 was measured in a different area: An amusement park in the city of Shenzhen, China, where ISD is 300m.

I.4.2
RSRP characteristics
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	Figure I.4.2-1 Serving cell RSRP
	Figure I.4.2-2 Neighbor cell RSRP


Figure I.4.2-1 shows that the strength of RSRP above the ground is much more than that at ground, and reaches the maximal at the altitude of nearly BS antenna height. Moreover, the variation of RSRP above the ground is small. 

Figure I.4.2-2 shows the strength of the sum of RSRP is larger when the aerial vehicle flies at higher altitude. This observation is consistent with that the number of detected neighbor cells increases with aerial vehicle’s altitude. Thus, the downlink interference may be much more severe at high altitude. 
I.4.3
RS-SINR characteristics
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	Figure I.4.3-1 RS-SINR at different heights
	Figure I.4.3-2 CDF of RS-SINR at different heights


Figures I.4.3-1 and I.4.3-2 show that RS-SINR decreases with height. The probability that the RS-SINR is below -5 dB is nearly 15% when the altitude is 120 m in this particular field measurement.
I.4.4
PDCCH block error rate characteristics
[image: image53.png]



Figure I.4.4: PDCCH block error rate when an aerial vehicle flies up to 200m
Figure I.4.4 shows that PDCCH block error rate at 200 m is around 10~20% or even larger in this particular field measurement.
I.4.5
Uplink data rate characteristics
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Figure I.4.5: Uplink data rates at different heights

Figure I.4.5 shows that the UL data rate of aerial vehicles above the ground is much higher than on the ground, The fifty percentile uplink data rate on the ground is 2.5Mbps, while the fifty percentile uplink data rates at 25m, 60m, 80m, and 120m are larger than 8Mbps.

I.5
Field Trial 5 [f27]
I.5.1 Setup
The trial setup is described in H.6.1.
I.5.2 RSRP gap characteristics
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Figure I.5.2: CDF of RSRP gap at different heights
Figure I.5.2 shows that the statistics of RSRP gap at different heights.

I.6
Field Trial 6 [f28]
I.6.1 Setup
The trial setup is described in H.7.1.
I.6.2 Serving cell RSRP and RSRQ characteristics
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Figure I.6.2-1: Measured DL RSRP and RSRQ for UE on ground (in Car) and UE on drone at 50m and 150m above ground.
Table I.6.2-1: Serving cell RSRP (in dBm)

	Percentile
	UE height

	
	Car
	50m
	150m

	90%
	-85.0
	-71.2
	-73.1

	50%
	-92.4
	-73.5
	-76.8

	5%
	-99.2
	-77.1
	-80.6


Table I.6.2-2: Serving cell RSRQ (in dB)

	Percentile
	UE height

	
	Car
	50m
	150m

	90%
	-7.0
	-9.4
	-10.4

	50%
	-8.5
	-11.3
	-12.6

	5%
	-11.5
	-14.6
	-16.1


The field trial results in Figure I.6.2-1 (summarized in Tables I.6.2-1 and I.6.2-2) show that serving cell RSRP at the drone UE is higher than the UE in car (about 15 to 20dB higher at 50 %tile), and RSRQ at the drone UE is poorer than the UE in car (about 3 to 4dB lower at 50 %tile).

I.6.3 Neighbor cell RSRP and RSRQ characteristics
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Figure I.6.3-1: Measured neighbor cell RSRP and RSRQ for UE in a car and UE on a drone at 50m and 150m above ground (Nk is the kth strongest neighbor cell, SC is serving cell).
Table I.6.3-1: Neighbor cell RSRP (in dBm) 

	Percentile
	UE height

	
	In Car
	50m
	150m

	
	N1
	N2
	N3
	N4
	N1
	N2
	N3
	N4
	N1
	N2
	N3
	N4

	90%
	-92.2
	-99.8
	-102.8
	-105.3
	-73.1
	-80.8
	-82.2
	-83.3
	-74.7
	-80.8
	-83.0
	-84.1

	50%
	-98.4
	-105.5
	-108.0
	-109.8
	-77.9
	-83.0
	-84.3
	-85.3
	-79.1
	-83.3
	-84.6
	-85.6

	5%
	-108.3
	-113.1
	-114.2
	-116.7
	-97.8
	-105.6
	-87.4
	-87.8
	-98.1
	-105.3
	-88.1
	-87.9


Table I.6.3-2: Neighbor cell RSRQ

	Percentile
	UE height

	
	In Car
	50m
	150m

	
	N1
	N2
	N3
	N4
	N1
	N2
	N3
	N4
	N1
	N2
	N3
	N4

	90%
	-11.1
	-16.8
	-18.1
	-20.2
	-10.8
	-17.7
	-19.2
	-19.9
	-11.4
	-16.9
	-18.9
	-19.8

	50%
	-14.4
	-20.6
	-21.9
	-23.4
	-13.9
	20.3
	-21.4
	-22.1
	-14.3
	-20.1
	-21.1
	-21.8

	5%
	-22.2
	-24.8
	-27.0
	-27.8
	-20.3
	-23.4
	-23.8
	-24.8
	-19.4
	-23.4
	-23.6
	-24.1


The field trial results in Figure I.6.3-1 (summarized in Tables I.6.3-1 and I.6.3-2) show that the neighbor cell RSRP spread decreases as the UE height increases: the median RSRP difference between N1 and N4 decreases from 11dB for UE in a car to 7dB for UE at 50m and 150m heights. The neighbor cell RSRQ spread is similar for all three UE heights, but the gap between the serving cell and the neighbor cells decreases as UE height increases. The median RSRQ difference between SC and N1 decreases from about 6dB for UE in a car to about 2dB for UE at 150m height.

I.6.4 RSRP gap characteristics
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Figure I.6.4-1: Measured RSRP gap between the serving cell and the 1st neighbor cell.

Table I.6.4-1: RSRP gap between serving cell and the first neighbor cell

	Percentile
	UE height

	
	Car
	50m
	150m

	90%
	12.8
	8.4
	6.13

	50%
	6.5
	2.8
	1.60

	5%
	-2.0
	-2.2
	-3.80


Table I.6.4-2: RSRP gap between serving cell and all neighbor cells

	
	UE height

	
	Car
	50m
	150m

	Mean (dB)
	6.4
	3.1
	1.7

	Max (dB)
	22.1
	14.2
	13.4


The field trial results in Figure I.6.4-1 (summarized in Tables I.6.4-1 and I.6.4-2) show that RSRP gap between serving and the 1st neighbour cell decreases dramatically as UE height increases. The median gap decreases from 6.5dB for UE in car to 1.6dB for UE at 150m above ground.
I.6.5 RSSI characteristics
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Figure I.6.5-1: Measured serving cell RSSI for different UE heights.
Table I.6.5-1: Serving cell RSSI (in dBm)

	Percentile
	UE height

	
	Car
	50m
	150m

	90%
	-59.3
	-42.8
	-44.4

	50%
	-66.6
	-44.8
	-46.5

	5%
	-73.1
	-47.4
	-48.7


The field trial results in Figure I.6.5-1 (summarized in Table I.6.5-1) show that serving cell RSSI for UE at 50m or 150m above ground is about 20dB higher than for UE in a car.
I.7
Observations from field trials on RSRP/RSRQ and other measurements
Editor’s note: It is FFS whether to capture some or all of these observations in the main text of TR (in Section 6 and/or in Conclusion).

The radio environment including the RSRP, RSRQ and RSSI characteristics of aerial UE in the air are different from terrestrial UEs at ground level. 
RSRQ in general decreases for airborne UEs with increase in altitude compared to terrestrial UEs. RSSI is in general higher for airborne UEs compared to terrestrial UEs and the average RSSI increases with altitude. 

/************************ End of Text Proposal **************************/
Drone flying route.





(b) Driving route in car.
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