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Introduction
This paper contains Text Proposal updating the descriptions of field trial and results thereof, which were proposed by Nokia during following e-mail discussion:
[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

Some inconsistencies were spotted after finalization of e-mail discussion and therefore some clarifications are proposed. The TP, which was used as e-mail discussion summary is used as a baseline.



Annex: Text Proposal for TR 36.777
<<TP start>>
 
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
	Mobile network scannerR&S TSMA [12]

	Technology
	LTE

	Frequency Band (MHz)
	800

	MeasurementDrone Height (m)
	1.53
	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 2.2 km average 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, Y.3.2 and Y.3.3 is depicted in Figure X.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 section Y.3.3 include measurements from two different LTE networks deployed in the same area as depicted Figure X.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 X.3.2, Y.3.2 and Y.3.3 were performed using a mobile network scanner 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. A dipole antenna connected to the network scanner was used to receive the radio signals from the live LTE network. The UAV wasis flown in 24 different rectangular routeslocations, in circular routes with a radius of 200m. 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 UAV circular routes were repeated atin four different heights: 150m, 3025m, 560m and 1200m, measured from ground level (1.5m) at the take-off point. The ground level data was collected by performing a drive-test with the antenna at 1.5m height, 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.


[TEXT OMITTED HERE]


Y.3	Field Trial 3 [qq-rr]
Y.3.1	Setup
The results presented in section Y.3.2 and Y.3.3 include measurements from two different LTE networks deployed in the same area as depicted Figure X.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 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.
	[image: ]
	[image: ]

	(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
	[image: ]
Case 2

	[image: ]
Case 3
	[image: ]
Case 4


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

<<TP End>>
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