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	SUMMARY

	This paper provides information of ground based propagation measurements of broadband communication systems for airplanes, in which the broadband wireless communication technique between air and ground using over-40 GHz band is utilized to realize the system.


1. INTRODUCTION

At the 29th Meeting of Working Group F, information paper ACP-WG-F/29 IP-01 provided a development example of broadband direct wireless connection system between air and ground using over-40 GHz band for en-route in continental airspace by National Institute of Information and Communications Technology (NICT). This system has been developed in Japan and has some benefits of low-cost communication, light weight, high antenna gain, etc. Over-40 GHz band is not used heavily in commercial applications and is expected to facilitate the broadband communication system at speed upto 500 Mbps. This broadband system can be useful not only for air traffic control but also transmitting images and video of disaster area from aircraft to ground station without landing, broadband communication for the air passengers, and high accurate and reliable unmanned aircraft system (UAS) control by transmitting video around the unmanned aircraft (UA) and sensor information of the UA to the ground station..
We provided the information about the in-flight communication to the ground in the former information paper, ACP-WG-F/29 IP-01, and expect that this broadband system could be useful not only for air-to-ground communication system but also for ground-based communication system such as a communication tool when airplanes are on the ground during taxing and staying in tarmac as shown in Figure 1. 

For this reason, we have conducted propagation measurement campaigns to evaluate ground based propagation characteristics of over-40 GHz band between terminal and ground station. The following sections describe the measurement campaigns and the results of data analysis. The former paper and this paper can consider the possible situation from tarmac to flight state.
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Figure 1 Over-40 GHz wave broadband wireless direct communication system between air and ground
2. measurement campaign
2.1 System configuration and experiment summary
The measurement campaign was conducted on the homestretch of a test road paved with concrete, which was assumed as runway or taxiway. The road width and length of the homestretch are about 18 m and 2200 m, respectively. The overview images of the homestretch are shown in Figure 2. The measurement system consists of two ground stations and a mobile station assumed as an airplane. The arrangement of the ground stations and the mobile station is shown in Figure 3. As shown in Figure 3, there are three elevated bridges crossing over the homestretch. Figure 4 shows the installation of the antenna sets and positions of ground and mobile stations. The mobile station was equipped with two identical sets of transmitting and receiving combo antennas which function as a kind of space diversity and were installed horizontally 500 mm apart since the propagation condition on the ground is expected to be different from that observed on the air-ground path and a sort of space diversity technique would be required to maintain the quality of the communication link. On the other hand, transmitting and receiving combo antennas were set with different height to confirm the effectiveness of the antenna height. Therefore, a series of pseudonoise (PN) signal sent by one antenna of the transmitter at the ground station was received by the two receiving antennas of the mobile station. At the mobile station, the received signals by the two antenna sets were demodulated and combined using a space-time coding technique. And the received powers of each signal and the error information of Bit Error Rate (BER) were also stored in the mobile station. Table 1 presents system parameters and the measurement conditions which were used in the measurement campaign, respectively.
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Figure 2 Field-of-view of homestretch of a test road paved with concrete.
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Figure 3 Positions of ground and mobile stations along the homestretch.

[image: image6]
Figure 4 Installation of antenna sets and positions of ground and mobile stations.
Table 1 System parameters for measurement campaign
	Items
	Parameters

	Frequency band
	43 GHz - 47 GHz

	Moving speed
	20km/h, 100km/h

	Transmission rate
	100 Mbps

	Occupied frequency band
	40 MHz

	Modulation scheme
	64QAM+OFDM

	Antenna
	Type
	Cassegrain

	
	Polarization
	Circular

	
	Beam width
	±1.0deg～±1.5deg

	
	Tx Power
	About 10mW

	
	Gain
	About 32dBi


3. evaluation Results
Table 2 shows the items for the measurement campaign. Each item was conducted using the test procedures shown in Figure 5. The following figures show the results.
Table 2 Measurement conditions and items
	No.
	Measurement conditions
	Speed
	Tx Antenna Height
	Measurement distance

	1
	Ground station 1 (GS1) to mobile station
	20km/h
	High
	From GS1 to Elevated bridge 3

	2
	Ground station 1 (GS1) to mobile station
	20km/h
	Low
	From GS1 to Elevated bridge 3

	3
	Ground station 2 (GS2) to mobile station
	20km/h
	Low
	From GS2 to Elevated bridge 3

	4
	Ground station 2 (GS2) to mobile station
	100km/h
	High
	From GS2 to Elevated bridge 3



[image: image7]
Figure 5 Testing procedures
3.1 Measurement item 1 – From Ground station 1 to Mobile station
The transmitted signal though the antenna 1 (high position) of the Ground station 1 (GS1) was received at the mobile station, which moved from GS1 to the Elevated bridge 3 (EB3) at the speed of 20 km/h, with the two receiving antennas. Figure 6 shows the results of the averaged BER and received levels of each antenna at the mobile station. As shown in Figure 6, we observed that the averaged BERs became zeros, i.e. error-free, throughout the measurement area except the places where both the received levels went down simultaneously. 

[image: image8]
Figure 6 Propagation measurement result 1 (Tx: high position, speed = 20 km/h)
3.2 Measurement item 2 – From Ground station 1 to Mobile station 

In this measurement, the antenna 2 (low position) of the ground station was used and the other conditions of the parameter were same as the measurement item1. Figure 7 shows the results of the averaged BER and received levels of each antenna at the mobile station. Even though temporary deteriorations of BER were detected near the Elevated bridge 1 and Elevated bridge 2, we observed error-free link connection throughout the measurement area. Compared to the previous result, the ground station using the low position antenna 2 provided better reception levels and BERs. 
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Figure 7 Propagation measurement result 2
3.3 Measurement item 3 – From Ground station 2 to Mobile station
The transmitted signal though the antenna 2 (low position) of the Ground station 2 (GS2) was received at the mobile station, which moved from GS2 to the Elevated bridge 3 (EB3) at the speed of 20 km/h, with the two receiving antennas. As shown in Figure 8, a temporary deterioration of BER was observed when both the received levels went down simultaneously as is the cases of the previous results. As a result, we observed error-free link connection throughout almost all the measurement area

[image: image10]
Figure 8 Propagation measurement result 3
3.4 Measurement item 4 – From Ground station 2 to Mobile station
In this measurement, the mobile station moved at the speed of 100 km/h and the other conditions of the parameter were same as the measurement item3. Figure 9 shows the results of the averaged BER and received levels of each antenna at the mobile station. The transitions of the reception levels of both the mobile antennas 1 and 2 were almost same as the previous results in the measurement item 3. And error-free link connection throughout all the measurement area was observed in this measurement. 

[image: image11]
Figure 9 Reception level during uplink and BER
4. discussion and Conclusion
The last information paper ACP-WG-F/29 IP-01 and this document described the broadband direct wireless connection system between air and ground using over-40 GHz band. In order to consider all the possible situation from taxing to flying, the former paper provide the information about the propagation measurement campaign of over-40 GHz band between air-to-ground, and this document provided a report of propagation measurement campaign of over-40 GHz band between mobile station and ground station. 

Different from the air-to-ground environment, we observed fluctuations in the received level at the receiver, which were caused by diffraction and reflection of the millimeter wave. As is often the case of terrestrial propagation characteristics, we observed that the antenna height affects the link quality between ground-based stations. Under the assumption of communication during airplane’s run on a runway, we measured the level and quality in the case that the mobile station moved at the speed of 100 km/h. This result showed that the speed of the mobile station had little influence on the link quality and the reception levels. As the measurement results show, space diversity technique, which can be achieved by antenna diversity using multiple transmitter antennas and/or multiple receiving antennas, can be one of the methods for improving the quality of the communication link on the ground.
On the other hand, disconnection of link between aircraft and ground station could be happen depending on the geometric relationship between ground station arrangement and position of on-board antenna attached to the aircraft. In order to cover the entire possible situation, it is necessary to consider the optimal arrangement for ground station and position of attached antenna to the aircraft for avoiding the disconnection. Following our experiments and considerations, private companies will continue to evaluate the proposed system using over-40 GHz band toward the realization of broadband direct wireless connection system.
5. ACTION BY THE MEETING

To note the information provided.
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