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	SUMMARY

	This information paper is intended to inform ICAO FSMP-WG of a summary of transmission experiment of STBC-AF relay protocol for unmanned aircraft systems (UAS).


1. INTRODUCTION

1.1 Recently, unmanned aircraft system (UAS) has attracted attention because of its potential abilities. For example, unmanned aircraft (UA) based wireless relay communication is able to quickly re-establish the communication link between isolated areas and the network after a disaster such as the Great East Japan Earthquake happned in 2011. Reliable wireless communication link is crucial to the realizing UA based wireless relay communication. Also, it is necessary to realize a reliable handover between plural ground stations in UAS. However, the channel between ground station (GS) and UA is unstable and unreliable due to UA’s swing motion and as a consequence, the relay communication quality degrades.
1.2 An introduction of space-time block coded (STBC) amplify-and-forward (AF) relay protocol to UA based wireless relay communication is a powerful means of improving the relay communication quality. The STBC-AF protocol consisting of 2 time-slots is illustrated in Fig. 1. In STBC-AF relay protocol, only conjugate operation, block exchange and amplifying are required at UA and furthermore, no channel estimation is required. Therefore, while alleviating the complexity problem at UAs, the use of STBC-AF relay protocol can improve the relay communication quality. We have done a comprehensive theoretical study and computer simulation to show the effectiveness of STBC AF relay protocol in UAS.  This paper presents a result of transmission measurement of STBC AF relay protocol, we conducted in Japan in February 2016. 
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(a) 1st time-slot
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(b) 2nd time-slot
Figure 1 STBC-AF protocol
1.3 This study was being conducted as a part of R&D on cooperative technologies and frequency sharing between UA based wireless relay systems and terrestrial networks supported by Ministry of Internal affairs and Communications (MIC), Japan.

2. EXPERIMENT SETUP

2.1 The parameters setting for transmission experiment of STBC-AF relay protocol is summarized in Table 1. To investigate the availability of the 5GHz band in UAS,  we obtained  an experimental test license (5100MHz to 5140MHz) from MIC. The air-interface employed in this experiment was 802.11a (OFDM data transmission using 48 subcarrers). The field experiment environment is shown in Fig. 2. In this measurement, instead of installing our developed STBC-AF relay station (RS) in an actual UA, it was placed on the 6th floor of Electrical, Information and Physics Engineering Building No.1 at Tohoku University Aobayama campus. This Building No.1 blocks the line of sight path between a ground station (GS) transmitter and a GS receiver. The distance between RS and GS transmitter was 47m and that of RS and GS receiver was 61m. 
Table 1 Parameter setting for STBC-AF relay transmission experiment
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GS transmitter: 5110MHz

STBC-AF relay: 5130MHz

Subcarrier frequency separation 0.3125MHz

No. of data subcarriers 48

No. pilot subcarriers 4

FFT block size 64

Guard interval 16 samples

Data modulation QPSK

Channel coding None

Packet size 1440bits

Packet transmission time interval 1ms

Relay protocol
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Conventional AF

Channel estimation Pilot based

GS transmitter – RS distance

47m (RS received signal power 

= – 61.5dBm)

RS – GS receiver 61m
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(a) Locations of GS transmitter/receiver and STBC-AF RS
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(b) Photos showing experiment equipments
Figure 2 Overview of field experiment environment (Tohoku University, Sendai, Japan)
2.2 We have measured the packet error rate (PER) performance and throughput performance achievable with STBC-AF relay protocol. The experimental STBC-AF relay was placed at a fixed location. Therefore, during the transmission experiment, we intentionally changed antenna locations slightly so as to produce fading. 
3. EXPERIMENT RESULTS

3.1 Figure 3 plots the experiment results of PER performance and throughput performance. It was confirmed that the use of STBC-AF relay significantly improves the PER performance and consequently, the throughput performances in a real propagation environment (however, note that no time selective fading was produced since the RS location was fixed and therefore, we intentionally changed antenna locations slightly during the experiment to average out the fading effect).
 [image: image6.emf]1.0E-3

1.0E-2

1.0E-1

1.0E+0

-85 -80 -75 -70

平均

PER

受信電力

[dBm]

AF-STBC

協調中継

協調中継なし

指数

(AF-STBC

協調中継

)

指数

(

協調中継なし

)

F

c

=5110MHz,

5130MHz

B=20MHz

QPSK, OFDM

1440bits/packet

Packet error rate (PER)

受信局受信電力

(dBm)

STBC-AF

GS received signal power (dBm)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

-85 -80 -75 -70

スループット

[bps/Hz]

受信電力

dBm]

AF-STBC

協調中継

協調中継なし

F

c

=5110MHz,

5130MHz

B=20MHz

QPSK, OFDM

1440bits/packet

Throughput (

Mbps

)

Carrier frequency band: 

5110MHz, 5130MHz

Air-interface: 802.11a 

Bandwidth: 20MHz

RS received signal level: 

-62dBm

Data modulation: QPSK

Packet size: 1440bits

GS received signal power (dBm)


(a) PER performance


(b) Throughput performance
Figure 3 Experiment results
4. CONCLUSION

4.1 This paper presented a summary of a transmission experiment of STBC-AF relay protocol for UAS . The effectivenessof of STBC-AF relay protocol for UAS was confirmed by the transmission experiment in a real propagation environment. 
4.2 UAS employing STBC-AF protocol is very useful in quickly re-establishing the communication link between isolated areas and the network in the case of a large scale disaster similar to the Great East Japan Earthquake 2011. Furthermore, it can also achieve a reliable handover between plural ground stations in UAS.
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