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Introduction
In email discussion [90b-LTE-22] the following agreement was reached:

Agreements:
1. 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: 
0. Number of detected cells
0. Serving cell RSRP/RSRQ
0. Neighbour cell RSRP/RSRQ
0. RSSI
0. RSRP gap between serving cell and each other detected cells
0. Distance to serving cell
0. Distance to neighbor cells
0. RS-SINR (refer to section 5.1.23 of TS 36.214)
0. PDCCH BLER
0. UL data rate

In this document, we present field measurement results to be captured in the TR
Field trial results
2.1	Setup
For this trial, data was collected as indicated in Table 1. Connectivity was provided and tested using a commercial cellular network during all flights.
[bookmark: _Ref473297173][bookmark: _Toc473812163]
Table 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 2 lists the band and altitude permutations and the total duration for each case.
[bookmark: _Ref473541735][bookmark: _Toc473812164]Table 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. 









2.2	Pathloss measurements
Figure 1 shows the pathloss measured for different bands and for different UE altitudes. It is observed that the pathloss for aerial UEs is substantially lower than for terrestrial UEs, resembling free space propagation (pathloss exponent of 2).

Figure 1: Pathloss measurements at different UE heights




2.3	Number of detected cells 

Figure 2: Number of detected cells
Figure 2 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. 

2.4	Distance to detected and serving cells
[image: \\shallot\atlanticus\systems\AtlanticusLTE\TrialPhase1\figs\Cell_Distance_Distributions.png]
Figure 3: Distance to detected and serving cells

Figure 3 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. 













2.5	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 4: RSRP distribution for serving cell
	Figure 5: 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.

2.5	Distribution of uplink transmit power

[image: \\shallot\atlanticus\systems\AtlanticusLTE\TrialPhase1\figs\UL_TX_PWR_per_RB_Distributions.png]
Figure 6 Uplink transmit power

Figure 6 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).

 Proposal: Incorporate the above results in the TR.
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