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Introduction
RAN#75 approved a study item on Enhanced Support for Aerial Vehicles [1]. One of the objectives of the study is [1]:
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]

In previous RAN2 meetings, various companies have submitted field trial results demonstrating the mobility performance of UAVs in existing commercial LTE networks [2], [3], [4]. In RAN2#99bis, an email discussion was setup with objective of preparing an aggregable TP to capture the results into the TR. 
[99bis#60][LTE/UAV] Capture field trial results [Qualcomm]
-	Capture the results at least from DCM, Qualcomm and KDDI.
-	Additional results from other companies
	Intended outcome: agreeable TP
	Deadline:  Thursday 2017-11-09

Field Trials
As captured in the scope above, so far, the following field trial results have been submitted in the previous RAN2 meetings:
· R2-1705999	Proposal of potential LTE enhancements for Aerial Vehicles, KDDI, RAN2#98, Hangzhou, China
· R2-1710887	Field trial results on handover performance for aerial vehicles, Qualcomm Inc., RAN2#99bis, Prague
· R2-1711739	UAV Field Trial Result	NTT, DOCOMO INC., RAN2#99bis, Prague
Based on the above contributions and other input provided by companies during the email discussion, the text proposal for TR 36.777 is given in Annex.
[bookmark: _Toc490158916][bookmark: _Toc490159025][bookmark: _Toc490159067][bookmark: _Toc490213338][bookmark: _Toc497168492][bookmark: _Toc497168544][bookmark: _Toc498520050]Capture the TP in Annex A in TR 36.777.
[bookmark: _Toc498520051]Discuss FFSes from X.6 and Y.5 on capturing observations/conclusion of trials in the TR main body.
Conclusion
Proposal 1.	Capture the TP in Annex A in TR 36.777.
Proposal 2.	Discuss FFSes from X.6 and Y.5 on capturing observations/conclusion of trials in the TR main body.
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Annex A: Text Proposal for TR 36.777
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Annex X:	Field Trials Results on Mobility
Field trials were performed by various companies to analyze handover performance of an aerial UE in a commercial LTE network, and to compare handover and link reliability between ground and airborne UEs. 
X.1	Field Trial 1 [yy]
X.1.1	Setup
For this trial, data was collected as indicated in Table X.1.1-1. Connectivity was provided and tested using a commercial cellular network during all flights.
[bookmark: _Ref473297173][bookmark: _Toc473812163]
Table X.1.1-1: Trial Setup
	Data
	Description

	Location
	Qualcomm UAS Flight Center, San Diego, California

	Environment
	Mixed suburban

	Altitudes
	Ground, 30, 60, 90, 120 meters AGL

	Test types
	Mobility route at 5 m/s with 0.5 Mbps UDP UL throughput requested
Mobility route at 5 m/s and periodic RACH every 15 seconds 
Stop/Start route with 0.5 Mbps UDP UL throughput requested

	LTE bands (locked to one band per flight)
	PCS
AWS
700MHz

	Data collection
	On device logging 
IPerf logs



The results are derived from a single aerial UE performing a 2.5 km loop at different altitudes at a time, co-existing with other subscribers of the live commercial network. Each altitude was flown multiple times for data collection in each band, and to provide sufficient data for each case (at least 2 loops). 
Table X.1.1-2 lists the band and altitude permutations and the total duration for each case.
[bookmark: _Ref473541735][bookmark: _Toc473812164]Table X.1.1-2 Band, Altitude, and Duration
	Band
	Altitude
(m AGL)
	Total Time
(min:sec)

	PCS
	0
	21:36

	
	30
	12:36

	
	60
	12:33

	
	90
	32:21

	
	120
	33:12

	AWS
	0
	27:44

	
	30
	12:31

	
	60
	12:34

	
	90
	22:52

	
	120
	15:49

	700 MHz
	0
	34:50

	
	30
	18:44

	
	60
	12:36

	
	90
	16:50

	
	120
	15:47



The ground data was collected by mounting the drone to a car and driving the route on surface streets (the duration of these tests tended to be a bit longer than flying due to some stoplights and traffic.)
Each dataset was trimmed so the final data for analysis only includes samples where the drone is at its desired altitude and underway (i.e., excluding takeoff and landing). This prevents takeoff and landing transition data, as well as data when the drone is stationary on the landing pad, from impacting the analysis results. 
X.1.2	Number of detected cells 

Figure X.1.2-1: Number of detected cells
Figure X.1.2-1 shows the histograms of number of number of detected cells for different bands and heights. The bars represent the number of measurement samples for each value of number of detected cells. The figure shows that aerial UEs detect a higher number of cells than the ground UEs. For example, it was observed that while ground UE detects up to only 3 cells in band AWS, the aerial UE detected 5 or more with higher probability. The number of detected cells may be impacted by down-tilting and antenna pattern at the base station. 

X.1.3	Distance to detected and serving cells
[image: \\shallot\atlanticus\systems\AtlanticusLTE\TrialPhase1\figs\Cell_Distance_Distributions.png]
Figure X.1.3-1: Distance to detected and serving cells
Figure X.1.3-1 shows that for PCS band, all ground UEs are served by cell within less than 1km distance, while the aerial UEs are served by base stations as far as 6km. Similar trend was observed for 700MHz band but with less exaggeration. This can possibility be due to down-tilt or radiation pattern. 
Similar trend was observed for neighbour cells: for example, for AWS band, up to 8km distances are observed for aerial UEs whereas ground UEs are limited to 1.8km. 
X.1.4	Handover interruption time
Figure X.1.4-1 shows distributions of the total interruption time during handovers. The handover delay presented here is the time from last packet before handover till the first packet from the new cell.
[image: ]
Figure X.1.4-1: Handover events and distributions of delay in handover completion
The figures show that majority of these handover interruptions are between 20-40 ms, but there are some outliers present as high as 800 ms. While these are not large interruption times, it is notable that the outliers are more likely in this data at altitudes 60 meters and higher. 
This result particularly demonstrated that for the considered trial setup, a commercially available LTE network could handle the handovers for the aerial devices. However, some HO enhancements would be beneficial to keep the interruption lower to guarantee the C&C communication. 
X.2	Field Trial 2 [zz]
X.2.1	Setup
The following table shows the parameters used during the field test.
Table X.2.1-1: Trial Setup
	Parameters
	Values

	Frequency
	800MHz, 2GHz

	Heights
	30m, 50m, 100m, 150m

	Environment
	Rural area, Suburban area


The drone fly vertically from the ground to a certain height (i.e., 30m, 50m, 100m, 150m) until the maximum of 150m above the ground. While drone hovers in certain heights, measurements log was taken for 2 minutes. Note that the drone does not hover in horizontal route.
From each measurement log, the PCI changes characteristics were analysed and shown in the following figures.
X.2.2	Vertical hovering and corresponding PCI changes in rural area
Figures X.2.2-1a and X.2.2-1b show the hovering condition in each height and the corresponding PCI changes at different frequencies, respectively.

[image: ]
Figure X.2.2-1a: Hovering condition in different height

[image: ]
Figure X.2.2-1b: PCI change in different heights

From the above figures, we can see that also the frequency of changes of PCI is moderate irrespective of different heights.
X.2.3	Vertical hovering and corresponding PCI changes in suburban area 
Figures X.2.3-2a, X.2.3-2b show the hovering condition in each height and the corresponding PCI changes at different frequencies, respectively.


[image: ]
Figure X.2.3-2a: Hovering condition in different height



[image: ]
Figure X.2.3-2b: PCI change in different heights

In this suburban scenario, we can observe that the serving cell (PCI) changes relatively often in higher altitude (i.e., 100m, 150m). 
X.3	Field Trial 3 [pp]
X.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 X.3.1-1. 

Table X.3.1-1: Drone radio channel measurement setup
	Setup information
	Value

	Radio scanner equipment
	R&S TSMA

	Technology
	LTE

	Frequency Band (MHz)
	800

	Drone Height (m)
	1.3
	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



[image: C:\Users\istvanko\AppData\Local\Temp\wzf530\Map.png]
Figure X.3.1-1 Example for rural network layout (deployment) with typical large 1.8 to 2.8km ISD. The black circles indicate the locations where drone channel measurements have been performed

The measurement area for results presented in section X.3.2 and Y.3.3 is depicted in Figure X.3.1-1. 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 measurements in section X.3.2 and Y.3.3 were performed using a smartphone while for the ones in section Y.3.2 a radio scanner was used. The airborne data was collected by attaching the measurement device underneath a commercial UAV. The UAV is flown in 4 different rectangular routes, each with the long edge ranging from 0.45 to 0.75 km. The four routes form a line of 3.5 km in length, and the distance between routes is around 300m. In order to sample the height dimension and analyze how it affects the results, the routes were repeated in four different heights: 10m, 25m, 50m and 100m, measured from ground level (1.5m) at the take-off point. The ground data was collected by performing a drive-test with the phone in the roads surrounding the areas of the selected routes. The ground UE and UAV moving speed was around 15km/h.

X.3.2	Number of detected cell and cell changes
Figure X.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
[image: ]
Figure X.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 X.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 X.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.
[image: C:\Users\jwigard\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\0EDIEOD7\Fig32x-DL-LowSINR-Scrates (002).png]
Figure X.3.2-2 Number of strongest cell change vs height for 2 measurement location and two different commercial networks.
X.4	Field Trial 4 [hh]
X.4.1	Setup
A LTE UE with a test program was set in a drone. The drone was controlled through Wi-Fi link to fly at different altitudes. The data associated with the testing parameters were transmitted to a server, and the data was analyzed offline afterwards.
The configurations of drone trial scenario are listed as follows. 
Table X.4.1-1: Drone trial scenario
	Data
	Description

	Location
	An office area in the city of Shenzhen, China, unless stated otherwise

	BS deployment
	ISD 400m, less densely distributed, unless stated otherwise

	Surrounding environments
	Low and less dense buildings 

	LTE bands
	TDD 2600MHz

	Test types
	5m/s UAV mobility speed at 5m/s

	Data collection
	· On device logging
· IPerf logs



X.4.2	Number of detected cells for UMa scenario 
[image: ]
Figure X.4.2-1: Number of detected cells
As shown in the figure, the number of detected neighbor cells increases with the drones’ altitude since there are no or few obstacles at high altitude.
X.4.3	Distance to serving cell
[image: ]
Figure X.4.3-1: Distance to serving cell
[bookmark: OLE_LINK9]The distance to serving cell is further when aerial UE is above ground.  
X.4.4	Average SNR values and PCI change
These results were gathered using same setup as other results above except the location was an amusement park in the city of Shenzhen, China where BS deployment is densely distributed with ISD of 300m.

[image: ]

Figure X.4.4-1  Average SNR values of different cells and PCI change for a moving drone UE

[bookmark: _Toc495441668]X.5	Field Trial 5 [xx]
X.5.1	Setup
Table X.5.1-1 shows the setup of the trial. Aerial UE was controlled over Wi-Fi, and LTE was only used for data transmission for the UE and data reception from the eNB. Network parameters are same as in commercial operation. UE isn’t changed from commercial module either (i.e., no special customization for both eNB and UE).
Table X.5.1.-1: Setup   
	Trial Location
	An airfield near a marine port (Japan)

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

	LTE Frequency
	800MHz

	Flight route
	a square about 100 m on a side (Figure X.5.1-1)

	Drone Altitude
	0m, 25m, 50m, 75m, 100m (Figure X.5.1-2)



[image: ]         [image: ]
Figure X.5.1-1: Flight route                                    Figure X.5.1-2: Drone altitude

X.5.2	Number of handover success/ Failure 
[image: ]
Figure X.5.2-1: Handover success/failure
The figure shows the following:
· Near the ground (0m, 25m), thanks to good deployment design and parameter tuning, handover failure did not occur. 
· Above altitude 50m, some handover failure occurred. This is likely because of the interference from many neighbour cells.
X.5.3	Number of detected neighbour cells and PCI changes
Figure X.5.3-1 shows the number of PCIs the aerial UE connects to depending on the altitude. A general observation is more PCU changes for higher altitude. As shown in Figure X.5.3-2, at altitude 50m, UE can detect maximum 45 neighbour cells, and UE selects 5 different cells as serving cell over the trial duration as shown in Figure X.5.3-2. Above altitude 75m, the number of neighbour cells which UE detected decrease, because UE receives many synchronization signals from many eNBs, which lead to difficulty of correlation detection of the signals.
[image: ] [image: ]
Figure X.5.3-1: Number of Detected Cells/Serving Cells                          Figure X.5.3-2: Serving cells

X.6	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.  


Annex Y:	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. 
Y.1	Field Trial 1 [yy]
Y.1.1	Setup
The field trial setup is explained in X.1.1.
Y.1.2	RSRP/RSRQ distribution for serving cell

	[image: \\shallot\atlanticus\systems\AtlanticusLTE\TrialPhase1\figs\Serving_RSRP_distributions.png]
	[image: \\shallot\atlanticus\systems\AtlanticusLTE\TrialPhase1\figs\Serving_RSRQ_distributions.png]

	Figure Y.1.2-1: RSRP distribution for serving cell
	Figure Y.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.
Y.2	Field Trial 2 [zz]
Y.2.1	Setup
The field trial setup is given in X.2.1.
From each measurement log, the RSRP, RSRQ and SINR characteristics were analysed and shown in the following figures.
Y.2.2	RSRP, RSRQ and SINR characteristics in rural area
Figures Y.2.2-1a, Y.2.2-1b and Y.2.2-1c show the RSRP, RSRQ and SINR respectively for rural area at 800 MHz.
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	Figure Y.2.2-1a: RSRP – Rural – 800 MHz
	Figure Y.2.2-1b: RSRQ – Rural -800MHz
	Figure Y.2.2-1c: SINR – Rural – 800MHz



In this scenario, the RSRP in the ground level and 30m height are comparable due to LOS probability in rural area. From the RSRQ and SINR characterisitcs, with the increase of the height the interference also increases.
Figures Y.2.2-2a, Y.2.2-2b and Y.2.2-2c show the RSRP, RSRQ and SINR respectively for rural area at 2 GHz.
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	Figure Y.2.2-2a: RSRP – Rural – 2 GHz
	Figure Y.2.2-2b: RSRQ – Rural -2GHz
	Figure Y.2.2-2c: SINR – Rural – 2GHz


In this scenario, the RSRP quality in ground level is worse than 30m, 50m heights because of the NLOS environment. The LOS probability increases when the UE height increases to 30m and 50m. From the RSRQ and SINR figure, the interference also increases with the increase of heights and this cause worse RSRP quality in higher altitudes.
Y.2.3	RSRP, RSRQ and SINR characteristics in suburban area 
Figures Y.2.3-1a, Y.2.3-1b and Y.2.3-1c show the RSRP, RSRQ and SINR respectively for suburban area at 800 MHz.
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	Figure Y.2.3-1a: RSRP – Suburban – 800 MHz
	Figure Y.2.3-1b: RSRQ – Suburban – 800 MHz
	Figure Y.2.3-1c: SINR – Suburban – 800 MHz


In this scenario, the RSRP quality in ground level is worse than 30m, 50m heights because of the NLOS environment. The LOS probability increases when the UE height increases to 30m and 50m. From the RSRQ and SINR figure, the level of interference also increases with the increase of heights and this causes worse RSRP quality in higher altitudes.  
Figures Y.2.3-2a, Y.2.3-2b and Y.2.3-2c show the RSRP, RSRQ and SINR respectively for suburban area at 2 GHz.
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	Figure Y.2.3-2a: RSRP – Suburban – 800 MHz
	Figure Y.2.3-2b: RSRQ – Suburban – 800 MHz
	Figure Y.2.3-2c: SINR – Suburban – 800 MHz



Y.3	Field Trial 3 [qq-rr]
Y.3.1	Setup
The trial setup is described in X.3.1, except the results presented in section Y.3.2 were performed in another rural location in Northern Denmark where the surrounding area was relatively-flat, with terrain profile variation from 15 to 35 meters, with small hills up to 80 meters of altitude.

Y.3.2	RSRP and RSSI characteristics
Figure Y.3.2-1 provides the CDF of the measured RSRP of the serving cell and the reported neighbor cells as well as the CDF of the measured RSSI. As shown in the figures, the RSRP of the serving cell increases significantly (> 20 dB), but also the received level from the potential interferers increases, as the RSRP of the neighboring cells also rises a large amount. Overall this leads to an increase in the RSSI as shown in Y.3.2-2.
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	(a) Ground UE
	(b) aerial UE at 100m



Figure Y.3.2-1: RSRP in rural scenario
[image: ] 
Figure Y.3.2-2: RSSI in rural scenario

Y.3.3	RSSI vs ΔRSRP
Figure Y.3.3-1 shows the RSSI vs the difference between the RSRP of the serving cell and the strongest 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 Y.3.3-1. 
Table Y.3.3-1: 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.
	[image: ]
Case 1
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Case 2
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Case 3
	[image: ]
Case 4


Figure Y.3.3-1: RSSI vs ΔRSRP for different heights

Y.4	Field Trial 4 [hh]
Y.4.1	Setup
The trial setup is described in X.4.1.
Y.4.2	RSRP characteristics
	[image: ]
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	Figure Y.4.2-1 Serving cell RSRP
	Figure Y.4.2-2 Neighbor cell RSRP



Figure Y.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 Y.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. 
Y.5	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. 
<<TP End>>
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