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	SUMMARY

	This information paper is intended to inform ICAO FSMP-WG of a summary of radio propagation measurement in C-band Control and Non-Payload Communications (CNPC) channels for unmanned aircraft systems (UAS).


1. INTRODUCTION

1.1 At the first meetings of working group of FSMP, the information paper FSMP-WG/1-IP01 provided an introduction of research and development of wireless relay communication system using small unmanned aircraft (UA). And we also invited WG members to provide their efforts or comments of the frequency usage that realize their safety operations of small or medium-sized UAs used locally as public or commercial applications. 
1.2 The information paper introduces some experimental results of the air-ground channel measurement using 5 GHz band allocated for CNPC links. National Institute of Information and Communications Technology (NICT) has conducted measurement campaigns for characterizing on radio propagation channel in UAS system. The purposes of the campaigns are to provide the characteristics of the channel between the ground station (GS) and small UA and also to realize applications for disaster mitigation with small-size UAs after a massive earthquake, tsunami, volcanic eruption, and so on. This paper presents a measurement result of our campaign on radio channel characteristics in C-band held in Hokkaido in November 2015.  In particular, we employed a rotary-wing UA as small UA in this experimental measurement.
1.3 This measurement was being conducted as a part of R&D on Cooperative Technologies and Frequency Sharing between Unmanned Aircraft Systems (UAS) Based Wireless Relay Systems and Terrestrial Networks supported by Ministry of Internal affairs and Communications (MIC), Japan.
2. DISCUSSION

2.1 One measurement was conducted by setting an on-ground transceiver at a farm in Hokkaido, Japan. A rotary-wing UA with a receiver had flown over a part of a farm. The specifications of rotary-wing UA used in the measurement campaign are shown Table 1.  The specifications of the transceiver/receiver for C-band channel measurement are also shown in Table 2.  A snapshot of rotary-wing UA equipped with a receiver is shown in Fig. 1.
Table 1 Specification of rotary-wing UA used in the measurement campaign
	Name
	S900 (6 rotary-wing UA) (Made by DJI)

	Diagonal Wheelbase
	0.9 m

	Weight
	3.3 kg

	Wind speed limitation
	11 knots

	Driving power
	Direct drive electric

	Frequency of CNPC、Signal Power
	2GHz -band, 3mW/MHz

	Launch/Landing, Control
	Auto take off/landing, Manual

	Payload
	4.2kg - 8.2 kg

	Endurance
	about 20 min (Hover time)


Table 2 Specification of rotary-wing UA used in the measurement campaign
	Frequency
	f
	MHz
	5035-5145
	　

	Bandwidth
	Bn
	MHz
	7
	　

	Antenna power
	Pt
	dBm
	30
	　

	Antenna gain (UA)
	Gt
	dBi
	2.15
	 Dipole antenna (VP)

	Antenna gain (GS)
	Gr
	dBi
	11
	 Patch antenna (VP)

	Modulation
	
	
	GMSK
	

	Minimum sensitivity
	　
	dBm
	-95
	　


[image: image1.png]On-board
' Transceiver &

- (5GHz)





Figure 1 a snapshot of rotary-wing UA equipped with a receiver
2.2 The deployment for the experimental measurement is shown in Fig.2. The horizontal distance between rotary-wing UA and GS varies from 100 m to 3 km.  We set the flight altitude of rotary-wing UA   to 20m, 50, 100m and 150m (AGL). Although the frequency band from 5030 MHz to 5091 MHz is allocated for BLOS control and non-payload communications (CNPC) for unmanned aircraft systems, we used 5110MHz for channel measurement due to the reasons of radio regulation in Japan in the case of this experimental measurement.
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Figure 2 Deployment for this experimental measurement
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Figure 3 Measurement results: the horizontal distance between rotary-wing UA and GS versus the received signal level
Figure 3 shows the measurement result of the charactersistc of path loss of G2A channel in the case of the rotary-wing UA. The median of received signal level that takes into account the radiation pattern of antenna are shown as symbols. It was observed that G2A propagation model was almost agreed with free space path loss model.
2.3 CONCLUSION
2.4 This document provides overview of experimental measurement using UA. We obtained measurement data for the analysis of the propagation characteristics of 5 GHz band. 
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