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1 Introduction

After RAN1#91, an email discussion on what type of field measurement results and how to capture them in TR 36.777 agreed that:

· 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
It is recommended that (at least) the parameters in yellow should be included in the TR. Number of detected cells and neighbor cell RSRP can show the downlink interference. Serving cell RSRP and distance to serving cell show the downlink aerial coverage. RS-SINR (see 36.214 for the definition) shows the downlink channel quality. PDCCH is important for both downlink and uplink schedule, and PDCCH BLER is the indicator reflecting the performance of PDCCH. UL data rate could show the uplink capacity in current network, the gap to the goal of up to 50 Mbps, and potential challenges. 
In this contribution, we give some field measurements which are important to reflect the challenges of LTE to support aerial vehicles.
2 Field measurements
A normal LTE UE with a test program is set in a drone, and we controlled the drone through Wi-Fi link to fly in different places and at different altitudes. The data associated with the testing parameters were transmitted to a server, and the data was analyzed afterwards offline.

The configurations of drone trial scenario are listed as follows. The carrier frequency of the LTE network is 2.6GHz.
Table 1. Trial Setup
	Data
	Description

	Location
	Case 1:An office area in the city of Shenzhen, China

Case 2: An amusement park in the city of Shenzhen, China

Note: PDCCH BLER is measured at case 2

	BS deployment
	Case 1: ISD 400m,  less densely distributed

Case 2: ISD 300m, densely distributed

	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


2.1 Number of detected cells
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Figure 1 Number of detected neighbor cells
Observation 1: The number of detected neighbor cells is generally increasing with the drones’ altitude since there are no or few obstacles at high altitude. The neighbor cells are varying every few meters.
2.2 Serving cell RSRP
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Figure 2 Serving cell RSRP
Observation 2: RSRP above the ground is much higher than that at ground level, and reaches a maximum at the altitude of around the BS antenna height. The variation of RSRP above the ground is small. 
2.3 Neighbour cell RSRP
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Figure 3 Neighbor cell RSRP
Observation 3: The sum of RSRP is larger when the aerial vehicle flies at higher altitude. This observation is consistent with the observation that the number of detected neighbor cells increases with aerial vehicle’s altitude. Thus, the downlink interference is much more severe at high altitude. 
2.4 Distance to serving cell
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Figure 4 Distance to serving cell
Observation 4: The distance to the serving cell is larger when aerial UE is further above the ground.  
2.5 RS-SINR (refer to section 5.1.23 of TS 36.214)
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Figure 5 RS-SINR at altitude
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Figure 6 CDF of RS-SINR at altitude
Observation 5: The RS-SINR decreases with aerial vehicle’s altitude. The probability that the RS-SINR below -5 dB is nearly 15% when aerial vehicle’s altitude is 120 m.  
2.6 PDCCH BLER
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Figure 7 PDCCH BLER when a drone flies up to 200m
Observation 6: When a drone flies at 200 m in an UMa scenario, PDCCH BLER is around 10~20% or even larger.
2.7 UL data rate
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Figure 8 UL data rate
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Figure 9 Variation of UL data rate
Observation 7: At altitudes from 0 m to 120 m, the UL data rate of aerial vehicles above the ground is much higher than on the ground, and the variation of UL data rate is over a significantly wide range.
3 Conclusion
In this contribution, we give some results of field measurements and the observations are summarized as follows:
Observation 1: The number of detected neighbor cells is generally increasing with the drones’ altitude since there are no or few obstacles at high altitude. The neighbor cells are varying every few meters.
Observation 2: RSRP above the ground is much higher than that at ground level, and reaches a maximum at the altitude of around the BS antenna height. The variation of RSRP above the ground is small.
Observation 3: The sum of RSRP is larger when the aerial vehicle flies at higher altitude. This observation is consistent with the observation that the number of detected neighbor cells increases with aerial vehicle’s altitude. Thus, the downlink interference is much more severe at high altitude. 
Observation 4: The distance to the serving cell is larger when aerial UE is further above the ground.  
Observation 5: The RS-SINR decreases with aerial vehicle’s altitude. The probability that the RS-SINR below -5 dB is nearly 15% when aerial vehicle’s altitude is 120 m.  

Observation 6: When a drone flies at 200 m in an UMa scenario, PDCCH BLER is around 10~20% or even larger.
Observation 7: At altitudes from 0 m to 120 m, the UL data rate of aerial vehicles above the ground is much higher than on the ground, and the variation of UL data rate is over a significantly wide range.
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