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A new AM(R)S system with additional radio spectrum capacity is required to be in place by 2010, in order:

· To accommodate increasing Aviation Traffic Growth (forecast at just under 4% yearly). The current VHF aeronautical band in 118-137 MHz will become saturated in the high density areas of the world despite deployment of new technologies more spectrally efficient.

· To cater for new applications enabling 4D ATM (for example 4D trajectory exchange/negotiation capability) and new Security requirements.

· To provide for the latest technology changes, which are foreseen  to be more spectrally efficient.

Considering  

· that the significant financial commitments required by Aviation for the realisation of any new system is a pre-requisite, 

· that now the tendency in ITU is to re-allocate at each WRC  a portion of the aeronautical radio spectrum to other sectors that can justify new requirements,

aviation has to secure the appropriate spectrum well before the date 2010 when this promising system is expected to operate.

The attachment of this paper is a request for ITU to include in the agenda of ITU WRC2006 a new item considering additional spectrum for a new AM(R)S system. The request has been filled out in the format proposed by CEPT. CEPT has insisted that ITU will be able to accept a new agenda item under the condition that the additional work charge is compatible with the ITU resource for the 2003-2006 cycle.

Recommendations to ICAO AMCP WGF and ICAO secretariat

1) The meeting endorses the need to reserve in advance as soon as WRC 2006, the radio spectrum for the development of a new AM(R)S system

2) In order to allow its development, it is essential that WRC 2003 includes in the agenda for  WRC2006 a new item considering additional radio spectrum for a new AM(R)S 

3) It is proposed that the ICAO secretariat will provide the attached request, possibly revised by the AMCP WGF meeting, to the ITU WP8B meeting in May 2002

4) EUROCONTROL, which  will provide CEPT with a similar paper, offers  assistance to support ICAO in the ITU process.

Subject: Agenda Item 7.2; Future Conference Agenda Items

Origin:ICAO

Proposal:

ICAO propose to include in the list of potential agenda items for WRC-2006 the following:-

“Considering additional spectrum allocation for Aeronautical Mobile (Route) service  AM(R )S”

Background/Reason:

A new AM(R)S system and additional spectrum resource is required to be in place by 2010. There are five principle reasons for this:-

1) To accommodate increasing Aviation Traffic Growth (forecast at just under 4% yearly) 

2) The current VHF Communications band from 118-137 MHz will become saturated in some areas of the world with demand and (despite numerous rationalisations and re-planning currently going on in this band to optimise it) will no longer be able to support for the existing and new requirements.

3) To cater for new Security requirements for aviation.

4) To cater for new applications enabling 4D ATM (for example 4D trajectory exchange/negotiation capability)

5) To provide for technology changes to be more spectrally efficient.

Radio Services concerned:

A new AM(R )S allocation is required for this new system which will provide for Safety of Life (SOL)

The spectrum considered suitable is between 1.5 and 5.5 GHz, while some bands below this can be considered to satisfy a portion of the spectrum requirement for the lower bandwidth applications. Recent trials using adapted 3G mobile equipment have indicated the existing ARNS allocation between 5091-5150 GHz is feasible.

Indication of possible difficulties:

· Aviation is progressing study on architectures and assisting ITU in identifying Candidate Bands. (see appendix A for more detailed information). 

· Aviation is likely to undertake most of this study in order to reduce the burden on ITU-R

Previous/on-going studies on the issue:

· Provisional assessment of bandwidth requirements and concept documents have been made (see appendix A)
· Voice, video and data transfer functions were successfully carried out in trials between airborne mobile and ground base stations using the adapted 3G mobile equipment.

ITU-R Study Groups concerned:

Initially SG8, with a likelihood for liaison statements to other groups.

ITU Resource Implications; including financial indications 

Most of the studies will be conducted initially within Aviation.
ANNEX A – CONCEPT DOCUMENT
SUMMARY

Aeronautical Mobile (Route) Service AM(R)S is currently mainly based on systems operating inside the  Very High Frequency (VHF) band (118-137 MHz).  AM(R)S needs to evolve:-

1) To accommodate increasing Aviation Traffic Growth forecast at just under 4% per annum. This growth will no longer be supported without the introduction of additional communication capacity, and

2) To introduce enhanced Air Traffic Services functions increasing flight safety, security and efficiency.  These new functions will be supported. 

3) To support the increase in wireless datalink applications, supporting safety critical functions. These data exchanges will complement and maybe replace some voice communication requirements. 

Trials on a number of different 3rd generation mobile technologies are currently being conducted, to evaluate their suitability to meet the Aviation requirements. So far successful flight trials are indicating that an adaptation of the 3G mobile standard is feasible, in particular, in the existing ARNS allocation between 5091-5150 GHz.  A lower band, around 2 GHz  is considered most suitable due to better propagation, but with the drawback that aviation has no primary allocation.

Considering the significant financial commitments required by Aviation for the realisation of any new system is a pre-requisite, Aviation has to secure by 2006 the appropriate spectrum where these promising systems are expected to operate. It is therfore essential that ITU WRC 2003 include in the agenda for ITU WRC 2006 a new agenda item for considering additional radio spectrum resource for a new AM(R)S system.

1 DRIVERS

The High level drivers for a new AM(R)S are as follows:-

· To alleviate current congestion problems in the VHF mobile bands  (Provision of channel splitting to 8.33 kHz channels will provide a temporary respite till approximately 2010 but after this capacity is consumed, there is no provision for accommodating further channel expansion in the VHF band). 

· Despite recent setbacks the Aviation sector has been predicted to continue growing at an average of just under 4% per annum*4. This applies additional demand for mobile communication spectrum for existing systems.

· New requirements for safety and security services (such as video from the cockpit and encryption of services) 

· New requirements for applications enabling 4D ATM (for example 4D trajectory exchange/negotiation capability)
· To adapt to the changing Aviation applications such as increased data communication.

· Requirements of the airlines to provide increased capacity for live monitoring of engine and system parameters

· To provide bandwidth to Aviation demands in a timely, flexible and spectrally efficient manner

· Technology improvements has lead to increase demand for mobile applications and consequently a increase in demand for mobile bandwidth

2. STATUS OF 3rd GENERATION TRIALS IN AVIATION

Trials on a number of different 3rd generation mobile technologies are currently being conducted, to evaluate their suitability to meet the Aviation requirements. So far successful flight trials are indicating that an adaptation of the 3G mobile standard is feasible. 

Following these suitability demonstrations, the following programmes need to be progressed for a timely realisation of a system by 2010:-

a) Securing suitable spectrum through the ITU process by 2006, followed by

b) The development and implementation ground infrastructure phases 

c) The commercial airline fleet equipage programme.

3. SERVICE REQUIREMENTS FOR 3rd GENERATION BASED SYSTEMS

This section describes the high level service requirements which have to be fulfilled by such a system.

3.1 Air Traffic Services (ATS)

The primary function for the new AM(R)S is to provide Air Traffic Services (ATS) communications contributing to Safety Of Life (SOF).

Voice communication

Voice will still be a necessity for at least non-routine and emergency communication. Increase of capacity inside the AM(R)S VHF band has reached its limits (with the introduction of the 8.33 kHz channelisation). Post 2010 the existing VHF voice channels will need supplementing with new Aeronautical Communication Systems

Data communication

There is a shifting emphasis on data services over radio links. This is to automate routine tasks, enabling the Air Traffic Controllers to optimise their workload, meaning greater work efficiency and increased safety.

In the future the trend will continue with data links required for more advanced ATC applications requiring data flight plan exchanges and for 4D trajectory exchange/negotiation capability.
3.2
Data and Voice for Security 

Since September 11th, the requirement for new security applications (i.e. cockpit video and voice downlinking and real time cockpit monitoring) has become a high priority.

3.3  
Airline Operational Communication (AOC) 

The airlines are increasingly looking to bring back remote Engine diagnostic information and data links for commercial Airline purposes.

3.4
Airline Passenger Communications (APC)

APC voice and internet access for email, file transfer and world wide web browsing

1 SYSTEM DESIGN OPTIONS

Topology

This system is expected to be implemented based on a terrestrial cellular CDMA organisation.

1.1 Coverage

The coverage roll out for the new AM(R)S system is envisaged to start in the Terminal Manoeuvring Area (TMA) and Airport areas. This is where current capacity of existing systems will run out first. It will be expanded to busy sectors and then pan Europe.
1.2 Capacity and traffic loading

The system should be dimensioned to cater for the busiest sector (particularly TMA’s) and air corridors.
1.3 Quality of Service (QoS), (Reliability, Availability, Quality, Bit Error rate)

The Quality of service provided by the new AM(R)S system for existing voice applications must be the same or better than that already provided by the existing AM(R)S systems*2. For new data applications the QoS is being defined.
1.4 Bandwidth and spectrum design constraint 

The amount of available radio spectrum available for such applications is forever shrinking. Emphasis today is on 

· bandwidth efficient systems i.e. data throughput per Hz, systems with 

low frequency reuse factors, with CDMA the emphasis is on low frequency reuse factors (typically 7, 3 or even 1)

· cell splitting and evolution to micro and pico cells, where data bandwidth per unit area throughput is increased 

1.5 Practical Cell radius Limits and Link Budget

When specifying a maximum cell radius for the new AM(R)S, it is important to consider the

· frequency limitations (which give a line of sight range between over 100km for VHF compared to 10’s of km for 5 GHz for the traditional radio link budget

· the CDMA capacity limitations of a cell which in turn give the achievable cell radius as a function of subscribers in a cell (and adjacent cells)

· the RF bandwidth limitations of the channels to be operated, this will be set by ITU

· the commercial limitations of rolling out a new AM(R)S network (this needs to be optimised, in general the larger the cell radius, i.e. less base stations per square km, the more commercially viable 

· Coverage, the new AM(R)S system will need to provide a similar coverage as the existing VHF system, this means a cell height of upto 15km, the corresponding cell radius is likely to be greater than this.

· Technology constraints on the new system. It is perceived that an adaptation of the existing land based terrestrial CDMA mobile systems will be used  (adapted for frequency, range, doppler effects and volume coverage rather than area)

· Latency. In any given CDMA cell, Latency is a function of cell radius and cell loading. It is important to emphasize that some data applications are latency tolerant and can accept delays of a second or two. In contrast, the Air traffic control Voice ‘channel’ is virtually non latency tolerant. Thus for the new AM(R)S system, Voice Latency targets comparable with the existing VHF voice systems should be chosen. 

2 Main Third Generation CDMA System Features

This section gives an overview of the systems currently available for adaptation to the Aeronautical scenario.

2.1 Access Schemes

The proposed architecture is 3rd Generation mobile technology. This uses CDMA technology and cellular deployment strategies. Such technology is highly spectrally efficient in throughput bits/Hz  and throughput bits /Hz/unit area or volume .

Two access schemes exist within the current Universal Mobile Telephony System (UMTS) standards: Frequency Division Duplexing (FDD) and Time Domain Duplexing (TDD), these are described in the figure below.







Figure 1 - FDD vs TDD

When considering Wideband -CDMA applications for ATS operations, cell sizes are expected to be large (three dimensional and in excess of 15 km), with users (aircraft) having high mobility due to their typical speeds (100-1000 km/h). In addition, given the large distances travelled by any user in a typical flight, soft and seamless handovers shall be an inherent feature of W-CDMA for ATC when crossing between cell boundaries.

FDD has the advantage over TDD in that it is not so cell radius constrained.

TDD has the potential advantage over FDD in that it only needs one block of spectrum, FDD needs 2 blocks widely separated (to optimise duplexor design) to operate the up and down links.

2.2 Overlay of Cells and Sectors.

The difference between Sectors and Cells needs to be clarified:-

A Sector is a volume of airspace which traditionally delineates the boundary of control for which the Air traffic Controller is responsible. 

A Cell is a volume of airspace over which it is feasible for a mobile to establish and maintain suitable communications with one base station. As an aircraft transits different cells a communication handover needs to take place between the mobile and the adjacent base stations.

Traditionally the existing VHF mobile communications has coverage that carefully maps as best it can into a sector. i.e. the Cell is approximately the same as a Sector.

In the new AM(R)S, it is envisaged that radio Cells and ATC Sectors will be physically very different. In such a scenario this means that the Communication layer needs to be transparent to the Controller, and/or the ATC sector procedure needs redefining.

6. 
PROGRAMMES.
The target date is to have a complete new AM(R)S system in place before 2010. This is based on the following programmes.

6.1 Procurement of suitable spectrum through the ITU process by 2006

· It is planned to put forward this Paper for ITU WRC 2003 under agenda item 7.2, 

· The intention being to obtain a future agenda item at WRC 2006 to secure the necessary spectrum

· The planned outcome is to have a block of suitable spectrum allocated on a primary basis for AM(R)S by 2006.

6.2 The infrastructure development lifecycle and implementation programme*3 

(This programme is dependent on 6.1)

Phase 1 – Feasibility (target completion by september 2002)

· The first phase of feasibility trials were successfully completed in Dec 2001. In these an adapted 3G mobile station was mounted and flown in an aircraft that connected with a single ground based base station. Video information, data and voice was successfully passed through the technology

· Further feasibility trials are planned on other 3G test beds consisting of multiple base stations, Radio Network Controllers, Serving GPRS support nodes, Mobile Switching Centres. Target applications are Voice, Video, Email and Web browsing.  

Phase 2 – Aeronautical 3G Modification Trials (mid 2002 to 2003)

· Develop the modifications required for the Aviation 3G scenario, in particular operating frequency modification, ability to handle mobility of upto 1000 km/hr, Handover logic, Doppler correction, antenna design, range optimisation, integration with Aeronautical ATC/AOC and APC applications

· The preferred outcome from this phase is a validated specification for ‘Aero 3G’ and a Prototype.

Phase 3 – new system Pre operation Trials with Airlines (target timeframe mid 2004)

· Conduct trials on  prototype 3G equipment mounted on Airbus and Boeing airframes.

Phase 4 – Complete Aeronautical 3 G specification and acceptance into ICAO standards. (planned for 2004)Ground infrastructure rollout

Phase 5 – Ground infrastructure roll out (planned to start 2004 )

This will be a phased approach to give coverage of Airports, congested TMAs and Air Corridors first. Planned for completion by 2005.

6.3 The commercial airline fleet equipage programme.

(This programme is dependent on 6.1 and 6.2) It could start as early as 2004. In this programme a full service would be rolled out for the European region. Target timeframe:-

· Provisional Aeronautical Passenger Communications by 2005

· Provisional Aeronautical Operations Communications by 2007

· Air Traffic Control Communications available by 2009/2010 

3 CONNECTIVITY AND COMPATIBILITY.

The future AM(R)S system will need to have interconnectivity, compatibility and the ability to coexist with existing and future systems of the Aeronautical Mobile Communication Infrastructure, In particular these include:-

· VHF Aeronautical Mobile Communications (including Voice and datalinks)

· HF and Satellite communication systems 

8. SUITABLE SPECTRUM

Frequency

The spectrum considered suitable is between 1.5 and 5.5 GHz, while some bands below this can be considered to satisfy a portion of the spectrum requirement for the lower bandwidth applications. Recent trials using adapted 3G mobile equipment have indicated the existing ARNS allocation between 5091-5150 GHz is feasible, while a lower band, around 2 GHz  is considered most suitable due to better propagation, but with the drawback that aviation has no primary allocation.

Bandwidth

Aviation is still evaluating the required spectrum bandwidth requirements but it is envisaged that 10 MHz downlink (aircraft to earth), and 5MHz uplink (ground to aircraft) will be provisionaly required. 

9. REFERENCES

1 
Acronym to be confirmed and harmonized by aviation community, A3G is another one (Aeronautical 3rd Generation)

2 
See ICAO International Standards and Recommended Practices Annex 10

3  
Based on Eurocontrol’s Vision for the use of 3G Technology in the Aviation Industry

4
Eurocontrol Air Traffic management Strategy for the Years 2000+ volume 1 and 2
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