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 Electronic Navigation Research Institute (ENRI) / Japan
	SUMMARY

	ENRI has been evaluating various aeronautical communication systems by experiments using test beds or by simulations.  We have introduced our R&D programme for Aeronautical Mobile Airport Communication System (AeroMACS) at the WG meeting in March, 2012.  We have explained about the development plan of AeroMACS test system in the programme and have reported about the analysis of the Multiple-Input Multiple-Output (MIMO) antenna system for AeroMACS use at the meeting. 

This paper provides the status of our AeroMACS test system to be constructed at the Iwanuma branch of ENRI near Sendai airport.  We also explain about the results of analysis based on the system and some problems for constructing an actual AeroMACS system. 
We hope that the program will facilitate the standardization and validation works for AeroMACS.  The tools to be developed will facilitate various evaluations for AeroMACS.  


1. INTRODUCTION
1.1 ENRI has been evaluating various aeronautical communication systems by experiments using test beds or by simulations [1].  We have introduced our R&D programme for AeroMACS and have reported on the analysis of the Multiple-Input Multiple-Output (MIMO) antenna system for Aeronautical Mobile Airport Communication System (AeroMACS) use at the WG meeting in March, 2012 etc. [2]-[4]. 
1.2 This paper provides the status of our AeroMACS test system to be constructed in Iwanuma branch of ENRI near Sendai airport.  We also explain about the results of analysis based on the system.  
2. AeroMACS TEST SYSTE
2.1 We constructed the AeroMACS test system at the Iwanuma branch of ENRI in August, 2012.  Figure 1 shows the location of ENRI’s Iwanuma branch near Sendai airport in Japan.  Figure 2 shows the photo of the test system consisting of multiple measurement equipment. 
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We have a transmission system (Tx) of our test system in place on our experimental ASDE (Airport Surface Detection Equipment) tower in Iwanuma branch.  Tx works as a base station. Tx is composed by a collinear antenna, signal generator, amplification equipment, etc.  We set of the measurement equipment of Tx such as a signal generator in a mechanical room on the tower and a collinear antenna wired to Tx on a hand rail on top of the room.  The signal generator is “Rohde & Schwartz SMU200A” with WiMAX option (included IEEE 802.16e-2005).  We can transmit the signal shown in Table 1 at the base station.
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A receiving system (Rx) was set up in ENRI’s measurement vehicle.  Rx is composed of multiple antennas, the signal analyser, amplification equipment, etc.  One of the antennas is a collinear antenna, and the other is a MLS antenna “Sensor System inc. S65-5366-4M”.  We set up the measurement equipment of Rx such as a signal analyser in the vehicle and wired them to the multiple antennas on a ground plane mounted on the roof of the vehicle. The signal analyser is “Agilent Technologies N9020A” with WiMAX option (included IEEE 802.16e-2005) and the software for analysis.  The vehicle equipped with Rx moved in the Sendai airport area and received the signals from Tx in our branch.  

3. Performance Analisys based on our test system

3.1  We ran roads in the airport area by the vehicle and measured the various parameters for performance evaluation such as RSSI (Received Signal Strength Indication) and GPS positioning data. 
3.2 We are analysing the data obtained by the experiment.  In this paper, we introduce the results of analyses in the experiment using the frequency of 5.12GHz, the bandwidth of 5MHz and a collinear antenna of Rx.  Figure 3 shows an example of the RSSI map based on the experiment. “Red” points show the Rx positions of overload in the measurement equipment on the map. Table 2 shows the range of points of “Yellow”, “Green” and “Blue” in Figure 3.
3.3 The “Red” points are located near the position of the base station.  The “Blue” are located at the edge of a runway and near airport terminal building because antennas on the vehicle are masked from the antenna on the base station by the buildings such as the aeroplane hangar etc.  The cause of low RSSI at some “Blue” points is unknown. 
3.4 In the future, we will construct our experimental test system with a MIMO antenna to cope with masking. Especially, AeroMACS should consist of the multiple antenna systems on a ground station so that the antennas on the ground facility are visible from aircraft antennas.  
3.5 SARPs drafts of AeroMACS will be based on IEEE 802.16-2009 standards. However, the standard of WiMAX option installed measurement equipment is only IEEE 802.16-2004 plus 802.16e-2005 standards now.  Therefore, if AeroMACS is based on COTS (Commercial of the shelf), it may be difficult to construct an actual AeroMACS system without revealing the method for system construction based on the difference between IEEE 802.16-2009 standards and IEEE 802.16-2004 plus IEEE 802.16e-2005 standards. 
4. ConclusionS
4.1 We have started the R&D program including the construction of AeroMACS test system since FY2011.  This paper describes the status of our AeroMACS test system to be constructed at the Iwanuma branch of ENRI near Sendai airport.  In FY2012, we constructed the AeroMACS test system in Iwanuma-branch of ENRI.  We ran roads in the airport area by our experimental vehicle equipped with our test system and measured the various parameters for performance evaluation such as RSSI (Received Signal Strength Indication) and GPS positioning data. 
4.2 As the results, we can describe the RSSI map in Sendai airport in Japan. The strength of RSSI is high near the base station, but is low at the edge of the runway and near the airport terminal building because antennas on the vehicle are masked from an antenna on the base station by the buildings such as the aeroplane hangar etc. We also express concern in constructing an actual AeroMACS system under COTS.
4.3   We will modify the AeroMACS test system and report the results of analysis based on our test system in the future.  We hope that these programs will facilitate the standardization and validation works in the ICAO groups and in other relevant forums.  The tools to be developed will facilitate various evaluations for AeroMACS in these programs.  
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Figure 1 Location of ENRI’s Iwanuma Branch (©Google)
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Figure 2 Photo of AeroMACS Test System





Table 1 Specifications of ENRI’s AeroMACS Test System (Tx)


Contents�
Power�
Frequency�
Band Width�
�
Parameter�
1W�
5.10~5.14GHz�
5 or 10MHz�
�
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Figure 3 RSSI Map (Case of Frequency 5.12GHz, Band Width of 5MHz)





Table 2 Range of points in RSSI Map of Figure 3


Colour�
Yellow�
Green�
Blue�
�
RSSI value�
≦76-dBm�
-76dBm< & ≦-86dBm�
-86dBm<�
�
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