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	SUMMARY

	This paper discusses channel assignment in the C-Band for RPAS C2 Link for both satellites and terrestrial systems operating in the 5030-5091 MHz frequency band allocated to the Aeronautical Radionavigation Service for the Microwave Landing System (MLS), the Aeronautical Mobile Satellite (Route) Service (AMS(R)S), and the Aeronautical Mobile (Route) Service (AM(R)S). 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 has been presented as an Information Paper to the RPASP #/7 WG-2
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.
Note: WP10 of FSMP WG/3 and this paper make the assumption that, for satellite links,the 5030-5091 MHz frequency band is only being used between the RPAS and the satellite payload (known as the User Link) considering that different frequency bands are used between the satellite payload and the satellite gateway located on the ground (known as the Feeder Link). A different approach, leading to reduced overall capacity, considering that the feeder link also makes use of the 5030-5091MHz frequency band have been studied in previous work (see ITU M.2205 (Annex 2))

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 WG-105 C3S FT 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 Ongoing EUROCAE WG-105 activities for the establishment of a MOPS for a satellite system using the AMS(R)S allocation;

Note:  EUROCAE WG105 proposes the term C3S which includes all commands, control and communications as well as security functions delivered by the link for what ICAO refers to as C2 Link.
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 RPAS requirements and the current structure of Part II of that Volume which contains chapters on specific systems considering both terrestrial and satellites system in the 5030-5091 MHz AMS(R)S allocation;

1.7 Then it is necessary to establish the requirements and constraints for the operational deployment of terrestrial and satellite CNPC systems in the 5030-5091 MHz frequency band along with the existing MLS as further elaborated in the Discussion below.

2. DISCUSSION

2.1
In all cases, system deployment shall not cause harmful interference to the MLS system as recalled in FSMP WG/3 WP10.

2.1.1 It is recalled that in order not to cause harmful interference to the MLS operating in the band 5030-5091 MHz, the aggregate power flux-density received over 150 kHz by an MLS receiver in a MLS coverage area at its antenna input and at its centre frequency shall not exceed -124.5 dBW/m2.

2.1.3
To protect the MLS system, an AM(R)S and/or AMS(R)S equipped UA should not come closer than 2.5 km from any MLS receiver.
2.1.2
In addition to the physical distance separation criteria above, the following requirements should be considered when performing frequency assignments:

2.1.2.1 The satellite system carrier frequencies used for transmission by the AMS(R)S equipped UA should be selected in a way that ensures a minimum of 1.6 MHz separation from the operating frequency of any given MLS transmitter located in the AMS(R)S coverage area.

2.1.2.2 The terrestrial system carrier frequencies used for transmission by the AM(R)S Ground and Airborne Stations should be selected in a way that ensures a minimum of TBD MHz separation from the operating frequency of any given MLS transmitter located in the AM(R)S coverage area.

Note:  Analysis has been done for the AMS(R)S but still needs to be performed for the AM(R)S.
2.2 In order to be able to accommodate future developments of systems and services in the 5030-5091 MHz frequency band, neither the satellite nor the terrestrial systems should be assigned more than 40 MHz for their exclusive use. Nevertheless, this does not imply that, as a motivated transitory or derogatory situation, a given system could not be grated use of the whole frequency band (e.g. in the event that development of either a terrestrial or a satellite systems is unlikely in a given geographical region). The objective being to identify the approach for accommodating future systems deployments in a given geographical area.
2.3
Frequency assignment for the terrestrial system should start at 5060 MHz, expanding sideways around this frequency. (Terrestrial systems make use of the same frequency for transmitting and receiving in a TDD duplexing scheme).

2.4
Frequency assignment for the satellite system should start at the lower end of the frequency band for either space-to-earth or earth-to-space carriers and at the upper end of the frequency band for respectively, either earth-to-space or space-to-earth carriers. (satellite systems make use of different frequencies for transmitting and receiving combining FDD and TDD duplexing schemes as described in FSMP WG/3 WP10).
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2.5
Frequency planning should take into account the asymmetry in the data requirements to and from the UA.
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2.6
In making frequency assignments the following constraints should be observed;

2.6.1
Let  f, r and t, be the frequencies used by a UA for respectively: receiving from a satellite (f), transmitting towards a satellite (r) and transmitting to and receiving from an AM(R)S Ground Station (t);

2.6.2
Let d1be the minimum distance between a UA using AMS(R)S and an AM(R)S Ground Station and d2 be the minimum distance between a UA using AMS(R)S and a UA using AM(R)S;

2.6.3
The frequencies f and t should have a minimum of 6.4 MHz separation as long as d1 is more than 620 m. In that case d2 is 11 m. It is possible to reduce d1 to 0 m by ensuring a minimum of 15 MHz separation in frequency between f and t. In that case d2 is also 0 m;

2.6.4
The frequencies r and t should have a minimum of 350 kHz separation independently of d1 and d2.
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2.7.
Discussion on the case of a multiple spotbeams satellite system.

2.7.1
The above requirements can be further refined in case of a satellite system composed of multiple spotbeams. In that case, let f1, r1 be the frequencies used in spotbeam S1 and f2, r2 be the frequencies used in spotbeam S2;

2.7.2
Let d3 be the minimum distance between a UA using AMS(R)S over frequencies f2, r2 and a UA using AM(R)S over frequency t. Let d4 be the minimum distance between a UA using AMS(R)S over frequencies f2, r2 and a AM(R)S Ground Station;

2.7.3
The frequencies f2 and t should have a minimum of 800 kHz separation as long as d4 is more than 2060 km. In that case d3 is 0 m. It is possible to reduce d4 to 25 km by ensuring a minimum of 1.6 MHz separation in frequency between f2 and t. In that case d3 is 450 m;

2.7.4
The frequencies r2 and t should have a minimum of 350 kHz separation independently of d3 and d4

2.8
Proposal for SARP text on the spectral usage and frequency assignment strategy for the 5030-5091 MHz frequency band.

2.8.1
In a given geographical area, carrier frequencies for the AM(R)S system shall be assigned starting at the 5060 MHz frequency subsequently assigning channels towards higher and lower frequencies as allowed by carrier frequency reuse limitations.

2.8.2
In a given geographical area, carrier frequencies for the AMS(R)S system shall be assigned starting on the higher and lower bound of the 5030-5091 MHz frequency band subsequently assigning channels towards the 5060 MHz frequencies as allowed by the frequency reuse limitations and taking into account the asymmetry in the data requirements to and from the UA.

2.8.3
Assignment of carrier frequencies to the AMS(R)S and AM(R)S systems should always be made in such a way that the required protection from mutual interference is ensured at all times.

2.8.4
Spectrum usage in a geographical area covered by both a AMS(R)S and a AM(R)S systems is presented on the figure below. Close coordination is required between the two assignment processes in the shared portions of the frequency band.

              
[image: image4]
ACTION BY THE MEETING

The meeting is invited to:
a) note and review the contents of this working paper;

b) provide feedback on the proposed requirements for frequency assignment in sections 2.1 and 2.2, 2.3 and 2.4
c) endorse the propsed SARP text describing the assignment approach proposed in section 2.8
d) study the need for adaptation of normative documents by the FSMP to accommodate the efficient sharing of the band by both satellite and terrestrial systems

— END —

ANNEX 1 – GLOSSARY 

	AMS(R)S
	Aeronautical Mobile Satellite (Route) Service

	C2
	Command & Control

	C2 Link
	Communication Link carrying Command and Control information

	Forward Link
	Unidirectionnal Communication Link between a Satellite system Gateway and one or more Terminals

	FWD
	Forward

	GEO
	Geostationary Earth Orbit

	HFDD
	Half Frequency Division Duplex

	LOS
	Line of Sight, also used to identify Terrestrial C2 Systems

	LOS Gateway
	Transmit/Receive equipment of the Terrestrial System for Command and Control located on the ground

	LOS UT
	Transmit/Receive equipment of the Terrestrial System for Command and Control located onboard the UAS

	MLS
	Microwave Landing System

	Return Link
	Unidirectionnal Communication Link between Satellite system Terminals and a Gateway

	RTN
	Return Link

	SAT GW
	Satellite System Gateway (located on the ground)

	SAT UT
	Satellite System Terminal (located onboard the UAS)

	TDD
	Time Division Duplex

	Terrestrial LOS System
	Terrestrial System for Command and Control (Line of Sight)

	UAS
	Unmanned Aircraft System


ANNEX 2 – ANALYSIS METHODOLOGY
This analysis reported in this paper have been performed following the methodology described in this annex.

Reference documents
	ID.
	Document Title
	Reference of the document

	[RD01] 
	RECOMMENDATION ITU-R SM.337-4 FREQUENCY AND DISTANCE SEPARATIONS (Question ITU-R 72/1)
	Rec. ITU-R SM.337-4 1

(1948-1951-1953-1963-1970-1974-1990-1992-1997)

	[RD02] 
	Compatibility study to support the line-of-sight control and non-payload communications link(s) for unmanned aircraft systems proposed in the frequency band 5 030-5 091 MHz 
	Report ITU-R M-2237
(11/2011)


Methodology to determine frequency and distance separation for radio systems
ITU recommendation [RD01] recommends
1 that the frequency-distance (FD) separations of radio equipment should be calculated by the following method:
1.1 determine the power and spectral distribution of the signal intercepted by the receiver;

1.2 determine the power and spectral distribution of the interfering signals and noise intercepted by the receiver;

1.3 determine the interactive effects among wanted signals, interference and receiver characteristics for various frequency or distance separations by using the basic equations given in Annex 1 of [RD01]  along with, if necessary, simple approximations to the integral expressions and the concept described in Annex 2 of [RD01];

1.4 determine, from these data, the degree of frequency or distance separation that will provide the required grade of service and the required service probability. Account should be taken of the fluctuating nature both of the signal and of the interference, and, whenever appropriate, the discriminating properties of the listener or viewer;

1.5 determine the appropriate ITU-R propagation model to be used;
2 that, at every stage of the calculation, comparison should be made, as far as possible, with data obtained under controlled representative operating conditions, especially in connection with the final figure arrived at for the frequency or distance separation among radio equipment.
Interference protection criteria

The ITU recommendation [RD01] chapter 2.2 proposes that interference will be considered tolerable if the following inequality is satisfied:
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where:

Pd : desired signal level (dBW)

Pi : interfering signal level (dBW)
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: protection ratio (dB).
The procedure for developing a frequency distance separation rule can now be summarized as follows:

· Step 1: Determine the desired signal level Pd (dBW) at the victim receiver front end.
· Step 2: Calculate the resulting level of interference at the victim receiver’s front end:
Pi = Pt + Gr – Lp – FDR(Δf )

where:

Pt : equivalent isotropically radiated power (e.i.r.p.) of the interfering transmitter (dBW)

Gr : gain of the receiving antenna with respect to an isotropic antenna (dBi)

Lp : propagation path loss
FDR(Δf) : frequency dependent rejection factor for a frequency separation Δf as expressed by equation
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where:

· S(f) corresponds to the power spectral density of the interfering signal equivalent intermediate frequency (IF).

· R(f) corresponds to the squared magnitude frequency dependent response of the victim receiver
The ITU report [RD02] uses a different interference protection criteria for MLS system: the Maximum interference power flux density at receiver antenna input (dBW.m-2)

In order to avoid causing harmful interference, the power flux density (pfd) of the interfering uplink signal in the vicinity of the MLS receiving antenna should not exceed the MLS interference threshold. This can be expressed as the following PFD equation:

Peu – 30 – 10 log (4() – 20 log (1000dmin) − FDR = TMLS
where:


Peu:
e.i.r.p. of undesired transmitter (dBm);


dmin:
minimum required distance separation (km);


FDR: 
frequency-dependent rejection (dB) ;


TMLS:
MLS interference threshold = −124.5 dBW/m2.

It follows that
dmin = antilog ((Peu – 101 − TMLS) / 20) × 10–FDR/20
ANNEX 3 – 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:

· G/T (dB.K-1)

· Equivalent receiver noise temperature (T in K)

· 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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