- 2 -
	ACP-WGF18/WP06


- 3 -
	ACP-WGF18/WP-06



	[image: image4.png]Incumbents
Aeronautical Radio Navi
Aeronautical Mobile (en Route) Satellite
Radio Navigation Satellite

Fixed Satellite {Feeder 1)

Mobile

Newcomers

Aeronautical Mobile /security
Aeronautical Mobile

5000 5010 5030

5150

> MHz

Acx cirport
P

Video cockpit

Flight fe:





	[image: image1.jpg]



International Civil Aviation Organization

WORKING PAPER
	ACP-WGF18/WP-06
06/05/08



AERONAUTICAL COMMUNICATIONS PANEL (ACP)
EIGHTEENTH MEETING OF WORKING GROUP F
Montreal, Canada 12 – 22 May 2008
	Agenda Item 3 :
	Development of ICAO position for WRC-11 agenda item 1.3 
(Resolution 421 on UAS - Unmanned Aircraft Systems)


CONSIDERATION OF THE EXISTING AMS(R)S ALLOCATION

IN 5000-5150 MHz FOR THE WORK OF WRC-11 AGENDA ITEM 1.3
(Presented by Thales Alenia Space - Axel Klaeylé)
	SUMMARY

	The documents considers the possible use of the band 5000-5150 MHz jointly by the Microwave Landing System (MLS) and the Aeronautical Mobile Satellite (en Route) Service (AMS(R)S) as both services are currently allocated in the band. 

This option and its benefits are discussed in the frame of WRC-11 agenda item 1.3 which calls for studies on the safe and seamless integration of UAS in non segregated airspaces as well as associated regulatory provisions.


	ACTION

	The meeting is invited to :
1. consider the use of the existing 5000-5150 MHz AMS(R)S allocation in the frame of agenda item 1.3 of WRC-11 and associated guidelines from ITU-R WP5B
2. consider how state-of-the-art technology may enable to provide “safety of flight” satellite communications dedicated to the integration of UAS in non segregated airspaces in the band 5030-5091 MHz while preserving further and flexible MLS deployment
3. pursue sharing studies for the joint use of 5030-5091 MHz by MLS and AMS(R)S in cooperation with the ITU-R as needed on the basis of NSP/SSG recommendations.



1. INTRODUCTION

1.1 The development of Unmanned Aircraft Systems (“UAS”)

A significant increase in Unmanned Aircraft Systems (“UAS”) operation is anticipated over the next decade and beyond. Applications are expected to range from small local surveillance aircraft to large unmanned transoceanic freight carriers, in particular with the promises of low-cost alternatives to manned aircraft applications or reduction of human life exposure in long, dull or dirty missions.
1.2 The integration of UAS in non segregated airspaces

The nature, volume and variety of UAS present new challenges to the airspace management, air traffic control infrastructure, safety of flights and other airspace users. 
Up to now, UAS have been mostly confined to segregated airspace where separation with other airspace users is easily ensured. Nevertheless, their widely anticipated development calls for their safe and seamless flight with piloted aircraft in non segregated airspaces.
1.3 The spectrum issue and WRC-11 agenda item. 1.3
The integration of UAS with conventional air traffic generates new communication needs, in particular to relay the communications from the Air Traffic Control (“ATC relay”) down to the remote pilot and to enable this remote pilot to permanently Command & Control (“C²”) the vehicle in flight as depicted below. In addition, transmission capability of specific UAS surveillance information may be also required (ADS). In any case, Satellite communications are a key component to maintain contact between the unmanned aircraft and the remote pilot as soon as it flies beyond the line of sight (“BLOS”) of the remote pilot.
New communication needs require new frequencies and finding appropriate radio frequency spectrum for that purpose is one of the major issue. This is of particular criticality as air operations and “safety of flights” are involved which are vitally dependent on reliable spectrum to avoid harmful interference and support the high integrity, availability and inter operability standards required by civil aviations.
[image: image3.emf]

Safety & regularity of flight > ATC, ATC relay, Sense & Avoid (S&A)



High reliability remote piloting  > Command & Control (C²)



High data rate & real time transfer > Telemetry (TM)

Air Traffic 

Control

PILOTED

AIRCRAFT

Safety

TM

C²

Pilot

Flight & Mission

UAV

TM

C²

Pilot

Flight & Mission

UAV

SATELLITE SATELLITE

ATC relay

S&A ?

ATC

S

&

A

ATC relay

S&A ?

ATC

S

&

A


.. 
This is the essential issue addressed by WRC-11 agenda item 1.3 under Resolution 421 which calls for studies on UAS integration in non segregated airspaces and associated regulatory provisions.
1.4 ITU-R guidelines from last WP5B meeting
ITU-R preparatory work for WRC 11 under agenda item 1.3 has been allocated to WP5B as responsible group. The last meeting of this working party in February 08 set up the following basis for the work under a.i. 1.3 (Annex 10 to Document 5B/45-E, 21 February 2008 refers) :
· Studies initially focus on existing allocations
· Spectrum requirements for ATC relay, C² and S&A data –if any- should under AM(R)S and AMS(R)S allocations, since they are directly related to safety and regularity of flights
It is noted that last WG-F meeting in September 2007 concluded similarly (document ACP-WGF/17/WP-04, 13 September 2007 refers) 

2. discussion

2.1 A dedicated AMS(R)S infrastructure

In this context, the document considers the existing AMS(R)S allocation in the band 5000-5150 MHz as an appropriate candidate under agenda 1.3 of WRC-11. It describes the concept of a satellite based infrastructure operating in this band jointly with the Microwave Landing System (MLS).

This may provide a promising answer for the development of safety satellite communications dedicated to Unmanned Aerial Systems (“UAS”) and their integration in non segregated airspaces in compliance with ITU-R guidance. At the same time, this would maximise usage of civil aviation spectrum and preserve existing and future MLS deployment as described below. 
2.2 Existing AMS(R)S allocations

There are only two existing primary allocations to AMS(R)S : the 1.6/1.5 GHz band (traditionally called the aeronautical L-band and widely used for various satellite applications) and the alternative 5GHz band (namely 5000-5150 MHz).

This latter is allocated to the Aeronautical Mobile Satellite (en Route) Service (“AMS(R)S”) on a primary basis and in both earth-to-space and space-to-earth directions as per footnote 5.367 of the ITU-R Radio Regulations. It is also allocated to the Aeronautical RadioNavigation Service (“ARNS”) on a primary basis with the 5030-5150 MHz portion to be used for the operation of the Microwave Landing System (“MLS”) for precision approach and landing as per footnote 5.444 and with the 5030-5091 MHz portion shared only between MLS and AMS(R)S as depicted below :



Considering the incumbent or planned systems in this band (ARNS, RNSS, FSS, …), one possibility for the development of a satellite system dedicated to safety aeronautical communications is to focus on the 5030-5091 MHz range while ensuring protection of MLS (which requirements shall take precedence over other uses in this band in compliance to No. 5.444). 

2.3 AMS(R)S sharing with MLS in the band 5030-5091 MHz

In order to conduct a preliminary analysis regarding the coexistence with MLS, a scheme with a ~20 MHz allocation in the space-to-Earth direction in the 5030-5050 MHz for the satellite to aircraft link (i.e. uplink with respect to the aircraft) and a ~20 MHz allocation in the Earth-to-space direction in the 5071-5091 MHz for the aircraft to satellite link (i.e. downlink with respect to the aircraft) with a ~20 MHz separation between uplink and downlink, has been assumed hereafter.

Regarding MLS deployment, the scenario corresponding to the largest and densest number of MLS stations has been taken into account. The analysis has been performed with ICAO/EUR COM3 database which collects the assignments of international and national frequency to radio navigation aids. In its current status, the database contains almost 800 assignations over Europe as illustrated below. This figure is extremely  more than the number of stations currently in operation and represents an extreme worst case from the band sharing feasibility point of view.

From the existing MLS protection criteria described in ITU-R Recommendations (i.e. 130 dBm/150 kHz Rec. ITU-R S.1342 refers), a protection distance of some hundreds of kilometres between an MLS station and an aircraft has been computed, and a multispot satellite antenna has been designed which enables sharing with MLS on this geographic/distance separation basis. From the fact that certain MLS channels are not planned at this stage, it is also possible to make use of them by the satellite system. In addition, re-programmable satellite frequency plan and channel allocation scheme ensure that alternative MLS deployment scenario can be protected even once the satellite is in orbit.

The aircraft station antenna would be omni directional and associated with a power amplifier of no more than a few watts. Such a satellite system and antenna correspond to state-of-the-art technology. An example of the multispot coverage achievable with a 6 meters antenna onboard a geostationary satellite is shown below :
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This sharing approach has been discussed at the last meeting of the Spectrum Sub Group of ICAO’s Navigation System Panel (NSP/SSG) early April 08. Preliminary indications are that a satellite system could be designed to share the band 5030-5091 MHz with MLS without precluding further and flexible MLS deployment. This could maximise the use of civil aviation frequencies and also provide a basis for the development of a satellite infrastructure dedicated to safety satellite communications for UAS (document NSP WG1 March 2008 Report – Attachment  F refers).
This approach is brought to the attention of ICAO ACP WG/F in the frame of ITU-R WP5B preparation and WRC-11 agenda item 1.3 and, in particular, sharing studies should be pursued on this basis.
2.4 Conclusion 
The 5000-5150 MHz band is currently allocated to both the MLS and the AMS(R)S in the ITU-R Radio Regulations and a satellite system could be designed to share the 5030-5091 MHz band with the MLS, without precluding further and flexible MLS deployment.

This makes the 5000-5150 MHz AMS(R)S allocation a particularly attractive frequency band for the possible deployment of a satellite infrastructure dedicated to aeronautical safety satellite communications for UAS integration in non segregated airspaces based on state-of-the-art technologies.
This makes this satellite concept of particular interest in the frame of WRC-11 a.i. 1.3 for both the civil aviation and UAS communities. And, from a spectrum management point of view, especially at a time when pressure toward spectrum efficiency is increasing at every WRC, it presents major benefits :
1. use an existing AMS(R)S allocation in a band exclusively allocated to civil aviation

2. satisfy “safety of flight” requirements set up by WP5B and ACP/WG-F
3. preserve long term MLS access and maximise civil aviation spectrum on the basis of state-of-the-art technologies
This approach  should be further investigated in close cooperation with the ITU-R including pursuing MLS/AMS(R)S sharing studies in the frame of WRC-11 a.i. 1.3.. 
3. ACTION BY THE MEETING
The meeting is invited to :

1.
consider the use of the existing 5000-5150 MHz AMS(R)S allocation in the frame of agenda item 1.3 of WRC-11 and associated guidelines from ITU-R WP5B

2.
consider how state-of-the-art technology may enable to provide “safety of flight” satellite communications dedicated to the integration of UAS in non segregated airspaces in the band 5030-5091 MHz while preserving further and flexible MLS deployment
3.
pursue sharing studies for the joint use of 5030-5091 MHz by MLS and AMS(R)S in cooperation with the ITU-R

4. 
Support these conclusion toward next ITU-R meetings
Coverage simulation on the basis of a 6m multispot satellite antenna 


(hypothesis MLS stations depicted with ‘x’)











(6 pages) 

ACP-WGF18/WP06

