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	SUMMARY

	ENRI has been evaluating various Electromagnetic Compatibility (EMC)　 on aeronautical radio system in Japan. We have started a new R&D program on usage of 5 GHz band including CNPC (Control and Non-Payload Communications) Link for Unmanned Aircraft Systems (UAS) and Aeronautical Mobile Airport Communication System (AeroMACS).  We also started some fundamental research to realize the compatibility among new systems and existing services in Japan. 

This paper provides several survey reports divided into three future usage scenarios to investigate compatibilities. This practical survey indicates three radio services are going to use frequency from 5030 to 5090 MHz. As the start of compatibility assessment, we also present measurement results of the actual utilization of frequency from 5030 to 5090 MHz near Sendai airport where there is Iwanuma branch of ENRI.

We hope that the outcomes of our programs will facilitate the standardization works for new aeronautical communications in 5 GHz band.

	ACTION

	The WG-F is invited to take notice of the information presented in this paper.  


1. INTRODUCTION
1.1 ENRI has been investigating new aeronautical communication technologies and EMC among various radio services in Japan. Resent years, we are also evaluating the availabilities of AeroMACS with several prototype at the Iwanuma branch of ENRI near Sendai airport as shown in  the past ICAO ACP WG-S meeting etc. [1]-[3].  Now, International Standardization will be approaching to the conclusion to use the frequency from 5030 to 5150MHz [4].
1.2 On the other hands, frequency band from 5030 to 5091 MHz is allocated for Communication for UAS called as C2 (Command and Control Communications) or CNPC link in WRC-12. This frequency band is located by the frequency band of future frequency allocation of AeroMACS discussing in the WG-S. Additionally, we already have existing services in Japan.
1.3 ENRI is also involved a national R&D research program on the development of CNPC links. We also interested in EMC analysis to harmonize many radio services from 5030 to 5090 MHz. We just started investigating on these matters.
1.4 This paper provides preliminary surveys among these services. We present three utilization scenarios relating to future exploitation of existing/future services. And this paper shows some measurement results to survey the actual utilization of frequency from 5030 to 5090 MHz.
2. Three SCENARIO for Future EXPLOITATION IN 5GHz band
2.1 For future extension of frequency band of AeroMACS, we have to investigate the compatibility against potentially existing radio services. In this section, we consider three scenario of future utilization of frequency from 5030 to 5091MHz in Japan. 
2.2 Some considerable existing/future radio services are shown in Table 1. One of the remarkable points is existing service for Fixed Wireless Access (FWA) in Japan. This domestic service is located from 5030 to 5090MHz and opened for time-limited licenses until November 2017. We have to consider the co-existence without any interference to this system until the expiration. This expiration will be updated if there is no other exploitation of this frequency band. This is first scenario of future utilization of the frequency band. 
2.3 In the WG-S, we are discussing to determine the Standards And Recommended Practices (SARPs) including the frequency allocation for the AeroMACS. This service already has the frequency band from 5091 to 5150 MHz for international utilization determined in WRC-07. However, Radio Technical Committee of Aeronautics (RTCA) Special Committee of 223 (SC-223) has been discussing the frequency utilization from 5000 to 5150 MHz for AeroMACS for a long time. The frequency band of AeroMACS is also widely discussed including all of the possibilities in WG-S. From 3rd meeting of WG-S, we started to discuss frequency utilization from 5030 to 5150 MHz for AeroMACS. This issue is now under discussion. In our perspectives, we have to consider on the future extension of this purpose. So, we have second scenario of future utilization of this band 
2.4 ITU WRC-12 determined frequency utilization from 5030 to 5091MHz for CNPC links　of UAS. This is a research topic for ENRI to develop a new communication system for UAS, but we will have many radio services in the future from 5030-5090 MHz. Therefore, another research topic on EMC arises from these backgrounds. The realization of CNPC links for UAS is third scenario of future utilization.

Table 1. Frequency allocation and existing/future services from 5030-5150 MHz in Japan
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3. TypICAL SPECIFICATION of Three SERVICES

3.1 FWA is partly complied the standard from IEEE 802.11b/g technologies. A typical physical specification is shown as following
Frequency: 5030-5090MHz

Location: Indoor/Outdoor

Channel separation: 5/10/20 MHz

Modulation: OFDM/DS/Single Carrier
Maximum Output power: 250mW and 50mW/MHz
Maximum Antenna gain: 13dBi
Others: Required carrier sense
3.2 The Specification of AeroMACS is under discussion in WG-S or RTCA etc. We can foresee the specification of AeroMACS from the standard of IEEE 802.16e and past discussion in WG-S or RTCA. 
Frequency: 5030-5150 MHz

Location: Airport area

Channel separation: 5MHz

Modulation: OFDM

Maximum Output power and Antenna gain: 

To be regulated by the power mask ( Max. 39dBm e.i.r.p horizontally)

3.3 The specification of CNPC link for UAS is under development. It must be discussed in ICAO Unmanned Aircraft Systems Study Group (UASSG) or other organizations in the future. So, we cannot foresee it.

4. ACTUAL Utilizatiuon of EXISTING SERVICES 
4.1  As we mentioned above, we have AeroMACS test systems in Iwanuma branch near Sendai airport. According to the second scenario, we started some investigation for expansion of AeroMACS test system from 5030 to 5150 MHz and analyze the compatibility between FWA and AeroMACS. As the practical research, we measured the frequency spectrum from 5030 to 5090 MHz around Sendai Airport. Figure 1 shows a field measurement system. 5 GHz antenna and GPS antenna is set on the roof of measurement vehicle as shown in Figure 1 (a). 5 GHz antenna is connected to a Spectrum Analyzer (SA) through a Band Pass Filter (BPF) and an amplifier (AMP). The BPF eliminates unnecessary frequency components except 5 GHz to avoid the saturation of the AMP. We can extract amplified 5 GHz signal for this measurement. GPS antenna is connected to the receiver to obtain the position of vehicle. The SA and the GPS are connected to the PC to collect the frequency spectrum and position every second.
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 (a)  Photograph of measurement vehicle                        (b) Block diagram of measurement system
Figure 1. Field measurement system

4.2 We drove the highway about 1000 km to collect the data. Figure 2 shows GPS track data and typical high signal recorded by SA. We observed many pulsed signals near Sendai airport as shown in Figure 2. They are from FWA systems. This phenomenon arises from the timing between frequency scan of the SA and burst transmission of the FWA. We can see the whole envelope of the frequency spectrum if we choose appropriate setting of the SA. Other signals (ex. Tome , Yamagata and Sukagawa area) are not from the radio station because we have observed it only once in over 30,000 frequency scans. There is no relation before/after one scan. We suppose they are from the environmental noise such as static discharge or transient current.
4.3  We make a drawing using all frequency scans as shown in Figure 3. We can see strong signal from 5050 to 5070 MHz. It is similar to an envelope of WiFi signal. We recognize the whole envelope of the FWA. We also find many spikes from 5030 to 5050 MHz and from 5070 to 5090 MHz. Additional analysis doesn’t show any relationship among them. We conclude they are from random noise from environment.
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Figure 2 Actual use in 100 km area from Sendai airport


[image: image5]
Figure 3 Overlaid frequency scans

4.4 We try to identify the radio stations from the area where we observed strong signals. Figure 4 shows the geographical features in northern area of airport. We observed strong signals in blue-colored area. Signal levels in other area are very low. We found a plane antenna directed to east on roof of the Natori City hall. We also found a plane antenna directed to west on the pole in front of Natori water plant. It is directed to the City Hall. As the results, we observed the signals of FWA in very narrow area because they have directive antennas.
4.5 There is raised railway to the airport as shown in highlighted by yellow line. There is no signal in the south area from the railways. It means we can keep the compatibility between our ground system in Iwanuma branch and their FWA systems. However, we have to consider the compatibility to use on board test systems. Especially, we require additional assessment on the compatibility in case of landing from east or departing to east. 
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Figure 4. Geographical feature between airport and Natori City Hall

5. ConclusionS
5.1 ENRI has started the R&D program on AeroMACS and CNPC links for UAS. This paper provided a point of view of future utilization from 5030 to 5090 MHz in Japan. We also presented preliminary results of EMC analysis between our test system and existing services.

5.2 We measured the actual frequency utilization near Sendai airport. Several signals observed in various areas. Most of them are not from radio stations. Typical strong signals are observed near the airport. We investigated precisely and found the existing radio station at Natori City Hall and Natori Water Plant. According to the preliminary analysis, we can keep the compatibility between our grand station and FWA stations. However, we need additional assessment for on-board station in case of some flight phase.
5.3  The future frequency utilization from 5030 to 5090 MHz will be discussed in various organizations. We will continue the research to establish the protection criteria for future utilization. We hope that the outcomes of our programs will facilitate the standardization and validation works.
6. Action by the meeting

6.1 The WG-F is invited to take notice of the information presented in this paper. Any parties interested in additional information are invited to contact the authors.
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