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	SUMMARY

	This paper discusses the compatibility of satellite C2 Link services operating in the 5030-5091 MHz frequency band under the Aeronautical Mobile Satellite (Route) Service (AMS(R)S) allocation with aeronautical services operating in the adjacent bands, namely the RNSS allocations in the 5000-5030 MHz frenquency band and the AM(R)S allocation in the 5091-5150 MHz frequency band. The proposal is made for a set of rules and requirements to be followed in order for all systems to co-exist simultaneously in a given geographical region.



1. INTRODUCTION

1.1 This paper is presented in the frame of the ongoing study by FSMP regarding the 5GHz Band Planning and the potential revision of Annex 10 Volume V resulting from the activities performed, among others, by the ICAO RPAS Panel in the definition of the C2 Link for which the 5030-5091 MHz frequency band is considered for both satellite and terrestrial C2 Link services provision.
1.2 Before the 2012 World Radiocommunications Conference (WRC-12) and since at least the early 90’s, footnote No. 5.367 of the International Telecommunications Union (ITU) Radio Regulations provided satellite mobile allocations dedicated to aeronautical safety (AMS(R)S) in the bands 1610-1626.5 MHz (L-band) and 5000-5150 MHz (C-band).

1.3 In 2012, in line with the ICAO position, WRC-12 adopted footnote No. 5.443D, which states:

“In the frequency band 5030-5091 MHz, the aeronautical mobile-satellite (R) service is subject to coordination under No. 9.11A.  The use of this frequency band by the aeronautical mobile-satellite (R) service is limited to internationally standardized aeronautical systems.”

WRC-12 also adopted (footnote No. 5.433C) a new complementary terrestrial allocation to the AM(R)S in 5030-5091 MHz, again limited to internationally recognized systems. This band was therefore internationally recognised as one of the bands that can be used for the implementation of unmanned aircraft (UA) Control and Non-Payload Communications (CNPC) links via both terrestrial and satellite systems.

Note:  ITU and RTCA use the term CNPC link for what the ICAO RPAS Panel refers to as the C2 Link.

1.4 WP10 presented at FSMP WG/3 showed the feasibility of sharing the 5030-5091 MHz frequency band by both a terrestrial and satellite system in the presence of MLS.  WP10 also identified constraints for achieving simultaneous operation.
1.5 Given the international context and activities for the use of the 5030-5091 MHz band by:

1.5.1 RTCA SC-228 WG-2 for the terrestrial system using the AM(R)S allocation that is now published as DO-362; 

1.5.2 EUROCAE ER-016 that reports an analysis on the band planning and sharing strategies for the 5030-5091 MHz band between a terrestrial system using the AM(R)S allocation and a satellite system using the AMS(R)S allocation, and;

1.5.3 EUROCAE WG-105 MOPS for a satellite system using the AMS(R)S allocation currently under Working Group review prior to open consultation;

1.6 Considering the ongoing activities of RPAS Panel WG2 in the development of a new Volume VI of Annex 10 of the SARPs, specifically dealing with the C2 Link for RPAS and activities to be performed by WG2 regarding in-band systems compatibility;

1.7 It is necessary to establish the compatibility of operation of satellite C2 Link systems with the aeronautical systems operating in adjacent bands as further elaborated in the Discussion below.

2. DISCUSSION

2.1 Adjacent frequency bands to the 5030-5091 MHz frequency band are :
2.1.1 The 5000-5010 MHz frequency band in which uplink transmissions for RNSS systems are foreseen

2.1.2 The 5010-5030 MHz frequency band in which downlink transmissions for RNSS systems are foreseen

2.1.3 The 5091-5150 MHz frequency band in which AeroMACS transceivers operate
2.2 The protection criteria for each of the services listed above are defined in the ITU recommendations that follow:
2.2.1 Characteristics of RNSS systems are considered in ITU-R M.1906 and ITU-R M.2031
2.2.2 Characteristics of AeroMACS transceivers are considered in ITU-R M.1827
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2.3 Given the above, the analysis to be conducted consists in considering several cases for compatibility:
2.3.1 Interference caused by the Satellite C2 Link Satellite Payload transmitter operating in the 5030-5091 MHz frequency band to the RNSS receiver operating in the 5010-5030 MHz frequency band 

2.3.2 Interference caused by the Satellite C2 Link User Terminal transmitter operating in the 5030-5091 MHz frequency band to the RNSS receiver operating in the 5010-5030 MHz frequency band
2.3.3 Interference caused by the Satellite C2 Link Satellite Payload transmitter operating in the 5030-5091 MHz frequency band to the AeroMACS receiver operating in the 5091-5150 MHz frequency band
2.3.4 Interference caused by the Satellite C2 Link User Terminal transmitter operating in the 5030-5091 MHz frequency band to the AeroMACS receiver operating in the 5091-5150 MHz frequency band
2.3.5 Interference caused by the AeroMACS transmitter operating in the 5091-5150 MHz frequency band to the Satellite C2 Link User Terminal receiver operating in the 5030-5091 MHz frequency band 
2.3.6 Interference caused by the AeroMACS transmitter operating in the 5091-5150 MHz frequency band to the Satellite C2 Link Satellite Payload receiver operating in the 5030-5091 MHz frequency band 
2.4 This paragraph discusses the interference caused by the Satellite C2 Link Satellite Payload transmitter operating in the 5030-5091 MHz frequency band to the RNSS receiver operating in the 5030-5091 MHz frequency band.

2.4.1 Considering a RNSS receiver bandwidth of 20MHz operating between 5010-5030 MHz, the received power spectral density should be below -213.2 dBW/Hz in order not to cause harmful interferences to the RNSS receiver, the received power spectral density can be shown to be of -252.2 dBW/Hz considering an additional 12 dB margin to the link budget for a Satellite C2 Link Satellite Payload transmitter operating at 5030 MHz.
2.4.2 A 51 dB margin exists between the maximum power spectral density in the RNSS band and the protection criteria for RNSS systems.

2.5 This paragraph discusses the interference caused by the Satellite C2 Link User Terminal transmitter operating in the 5030-5091 MHz frequency band to the RNSS receiver operating in the 5010-5030 MHz frequency band.

2.5.1 Considering a RNSS receiver bandwidth of 20MHz operating between 5010-5030 MHz, the received power spectral density should be below -213.2 dBW/Hz in order not to cause harmful interferences to the RNSS receiver, the received power spectral density can be shown to be of -213.2 dBW/Hz for a Satellite C2 Link User Terminal transmitter operating at 5030 MHz given a minimum distance of 5.095km separates both antennas.

2.6 This paragraph discusses the interference caused by the Satellite C2 Link Satellite Payload transmitter operating in the 5030-5091 MHz frequency band to the AeroMACS receiver operating in the 5091-5150 MHz frequency band.

2.6.1 Considering an AeroMACS receiver, the received power over a 5MHz channel should be below -117 dBW not to cause harmful interferences to the AeroMACS receiver (considering an additional 20dB margin). The received power over a 5MHz AeroMACS channel centered around 5093.5 MHz for a satellite C2 Link Satellite Payload transmitting at 5090.6 MHz can be shown to be -160.7 dBW including an additional 12 dB margin on the link budget.
2.6.2 A 43.7 dB margin exists between the maximum C2 Link Satellite Payload transmitter power in the closest AeroMACS channel and the protection criteria for AeroMACS receivers.

2.7 This paragraph discusses the interference caused by the Satellite C2 Link User Terminal transmitter transmitter operating in the 5030-5091 MHz frequency band to the AeroMACS receiver operating in the 5091-5150 MHz frequency band.

2.7.1 Considering an AeroMACS receiver, the received power over a 5MHz channel should be below -117 dBW not to cause harmful interferences to the AeroMACS receiver (considering an additional 20dB margin). The received power over a 5MHz AeroMACS channel centered around 5093.5 MHz for a satellite C2 link User Terminal transmitting at 5090.6 MHz can be shown to be -117 dBW given a minimum distance of 23.46 m separates both antennas considering an additional 12 dB margin on the link budget. Without this additional margin, the distance can be reduced to 5.89 m.
2.7.2 A minimal distance of 5.89m should be enforced between an AeroMACS antenna and a Satellite C2 Link User Terminal antenna to avoid harmful interferences without constraining the channel assignment in both systems. Co-location of AeroMACS and a Satellite C2 Link User Terminal is possible by imposing an operational constraint on the frequency separation of the channels or stronger out of band rejection.
2.8 This paragraph discusses the interference caused by the AeroMACS transmitter operating in the 5091-5150 MHz frequency band to the Satellite C2 Link User Terminal receiver operating in the 5030-5091 MHz frequency band

2.8.1 Considering an Satellite C2 Link User Terminal  receiver, the received power  spectral density in band should be below -123 dBm/KHz not to cause harmful interferences to the Satellite C2 Link User Terminal    receiver (considering an additional 12dB margin). The received power spectral density over a Satellite C2 Link User Terminal channel centered around 5090.6 MHz for an AeroMACS transmitter transmitting at 5093.5 MHz can be shown to be -123 dBW given a minimum distance of 167.6 m separates both antennas considering an additional 12 dB margin on the link budget. Without this additional margin, the distance can be reduced to 42 m.
2.8.2 A minimal distance of 42 m should be enforced between an AeroMACS antenna and a Satellite C2 Link User Terminal antenna to avoid harmful interferences without constrining the channel assignment in both systems. Co-location of AeroMACS and a Satellite C2 Link User Terminal is possible by imposing an operational constraint on the frequency separation of the channels.

2.9 This paragraph discusses the interference caused by the AeroMACS transmitter operating in the 5091-5150 MHz frequency band to the Satellite C2 Link Satellite Payload receiver operating in the 5030-5091 MHz frequency band

2.9.1 Considering an Satellite C2 Link Satellite Payload  receiver, the received power spectral density in band should be below -221 dBW/Hz not to cause harmful interferences to the Satellite C2 Link Satellite Payload receiver. The received power spectral density over a Satellite C2 Link Satellite Payload channel centered around 5090.6 MHz for an AeroMACS transmitter transmitting at 5093.5 MHz can be shown to be -258.3 dBW/Hz considering an additional 12 dB margin on the link budget..
2.9.2 A 37.3 dB margin exists between the maximum AeroMACS transmitter power in the closest C2 Link Satellite Payload and the protection criteria for the Satellite C2 Link Payload.
ACTION BY THE MEETING

The meeting is invited to:
a) note and review the contents of this working paper;
b) acknowledge that the introduction of Satellite C2 Link services in the 5030-5091 MHz frequency band is compatible with existing aeronautical services in adjacent bands

— END —

ANNEX 1 – TRANSMITTER & RECEIVER MODEL
Transmitter characteristics

The following parameters are defining the characteristics of the transmitters to be defined to run the interference analysis study:

· EIRP (dBW ) 
· TX bandwidth (Hz) 
· TX mask corresponding to the power spectral density of the TX transmitter 

Receiver characteristics

The following parameters are defining the characteristics of the receivers to be defined to run the interference analysis study:

· RX bandwidth (Hz)
· RX mask corresponding to the frequency dependent response of the victim receiver 

TX/RX mask

The following diagram defines the TX/RX mask characteristics used in the transmitter and receivers characterisation.
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ANNEX 2 – SYSTEM ELEMENT MODELS CONSIDERED IN THE ANALYSIS
SATELLITE C2 SYSTEM

SAT UT transmitter characteristics

	EIRP(dBW)                         
	17.00

	TX bandwidth (Hz)                     
	40000.00

	Polarization
	Circular

	Mask type                      
	 Linear Mask 
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Satellite Terminal TX mask

SAT Payload transmitter characteristics

	EIRP(dBW)                         
	51.00

	TX bandwidth                      
	800000.00

	Polarization
	Circular

	Mask type                      
	 Linear Mask 
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Satellite Payload TX mask

SAT UT receiver characteristics

	RX bandwidth                      
	1050000.00

	Mask type                      
	 Linear Mask 
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Satellite Terminal RX mask
SAT Payload receiver characteristics

	RX bandwidth                      
	50000.00

	Mask type                      
	 Linear Mask 
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Satellite Payload RX mask
AeroMACS system
AeroMACS transmitter characteristics
	EIRP(dBW)                         
	9.4

	TX bandwidth (Hz)                     
	5000000.00

	Polarisatrion
	V, H

	Mask type                      
	 Linear Mask 

	TX primary rejection (dB)       
	50

	TX primary slope (dB/Hz)        
	6.67E-06


AeroMACS receiver characteristics

	Antenna gain (dBi)                
	24

	RX bandwidth    (kHz)                  
	5000

	I max (dBm) in a 5MHz Bandwidth          
	-97


RNSS systems

	Galileo GW transmitter characteristics
	ITU-R M.1906

	Tx Frequency Range
	5005MHz on Galileo

	EIRP(dBW)                         
	50.3

	Antenna diameter
	3m

	Theoritical antenna gain (dBi)
	41.8

	Polarization
	RHCP

	TX bandwidth                      
	10MHz

	
	

	GPS GW transmitter characteristics (GPS evolution)
	ITU-R M.1906

	Tx Frequency Range
	5000.605MHz on GPS

	EIRP(dBW)                         
	66.6

	Polarization
	RHCP

	TX bandwidth                      
	1.1MHz

	
	

	QZSS GW transmitter characteristics
	ITU-R M.1906

	Tx Frequency Range
	5000MHz - 5010MHz

	EIRP(dBW) - command                        
	56.1

	Theoritical antenna gain (dBi)
	49

	Polarization
	LHCP

	
	

	GPS Satellite transmitter characteristics
	ITU-R M.2031

	Tx Frequency Range
	5013.63 +/-3.3 MHz

	EIRP(dBW)                      
	34.6

	Polarization
	RHCP

	TX bandwidth                      
	6.6 MHz

	
	

	QZSS Satellite transmitter characteristics
	ITU-R M.2031

	Tx Frequency Range
	5010MHz - 5030MHz

	EIRP(dBW)                      
	9.8

	Polarization
	RHCP

	TX bandwidth                      
	10MHz

	
	

	Galileo satellite receiver characteristics
	ITU-R M.1906

	Rx Frequency Range
	5005MHz on Galileo

	Antenna gain (dBi)                
	12.4

	RX type of polarization           
	RHCP

	RX bandwidth                      
	10MHz

	Rx Noise PSD (dBW/Hz)
	-201

	Tolerable effective Io (dBW/Hz)
	-213.2

	Tolerable effective Io (dBm/Hz)
	-183.2

	Tolerable effective Io (dBm/kHz)
	-153.2

	
	

	GPS satellite receiver characteristics (GPS evolution)
	ITU-R M.1906

	Rx Frequency Range
	5000.605MHz on GPS

	Antenna gain (dBi)                
	13.6

	RX type of polarization           
	RHCP

	RX bandwidth                      
	1.1MHz

	Rx system noise temperature (°K)
	590

	
	

	QZSS satellite receiver characteristics 
	ITU-R M.1906

	Rx Frequency Range
	5000MHz - 5010MHz

	Antenna gain (dBi)                
	3

	RX type of polarization           
	LHCP

	RX bandwidth                      
	0.4MHz

	Rx system noise temperature (°K)
	400

	
	

	QZSS satellite receiver characteristics (next satellites)
	ITU-R M.1906

	Rx Frequency Range
	5000MHz - 5010MHz

	Antenna gain (dBi)                
	3

	RX type of polarization           
	LHCP

	RX bandwidth                      
	10MHz

	Rx system noise temperature (°K)
	300

	
	

	Galileo User receiver characteristics
	ITU-R M.2031

	Rx Frequency Range
	5010MHz - 5030MHz

	Antenna gain (dBi)                
	-5dBi to 4dBi

	RX type of polarization           
	RHCP

	RX bandwidth                      
	20MHz

	Rx system noise temperature (°K)
	530

	Acquisition mode threshold power level of aggregate wideband interference at the passive antenna output (dBW)
	-160.1

	Acquisition mode threshold power level of aggregate wideband interference at the passive antenna output (dBW/KHz)
	-203.1

	
	

	GPS User receiver characteristics
	ITU-R M.2031

	Rx Frequency Range
	5019.861 +/-9.86 MHz

	Antenna gain (dBi)                
	3

	RX type of polarization           
	Circulair

	RX bandwidth                      
	20MHz

	Rx system noise temperature (°K)
	500

	Acquisition mode threshold power level of aggregate wideband interference at the passive antenna output (dBW)
	-157.6

	
	

	GPS GW receiver characteristics
	ITU-R M.2031

	Rx Frequency Range
	5010MHz - 5030MHz

	Antenna gain (dBi)                
	46.63

	RX type of polarization           
	RHCP

	RX bandwidth                      
	6.6MHz

	Rx system noise temperature (°K)
	140

	
	

	QZSS GW receiver characteristics
	ITU-R M.2031

	Rx Frequency Range
	5010MHz - 5030MHz

	Antenna gain (dBi)                
	51

	RX bandwidth                      
	10MHz

	Rx system noise temperature (°K)
	150
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