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	SB-VHF CG agreed on the importance of engaging Operational ICAO Panels (CP-OPDLWG, SASP, ATMOPSP and FLTOPSP) early in the SARPs development process.

This paper provides an introduction of Space-Based VHF and some operational concepts and considerations.

The intention is to present this paper to Operational ICAO Panels as part of a SB-VHF documentation package with the goal of identifying the way in which these ICAO Operational Panels could be liaised with SB-VHF CG and PT-SBV groups to address the Operational benefits operating an airspace volume based on the services provided by a Space-Based VHF system.

Action by the Meeting. 
1. To consider the content of this paper.
1. To identify the best in which Operational ICAO Panels (CP-OPDLWG, SASP, ATMOPSP and FLTOPSP) could be liaised with PT-SBV and SB-VHF CG to address the Operational benefits operating an airspace volume based on the services provided by a Space-Based VHF system.


INTRODUCTION
Background
In some areas, the established air transport sector faces significant challenges in terms of capacity due to traffic growth and a lack of communication and surveillance coverage in oceanic and remote areas.

A harmonized solution that can be implemented globally with the minimum possible changes in infrastructure and regulations would be ideal to meet this challenge.

Space-Based VHF uses the frequency band 117.975 – 137 MHz to provide an Air-Ground VHF Digital Link (VDL) and/or VHF Voice Communication System from Low Earth Orbit Satellites. This includes the possibility of monitoring the emergency frequencies 121.5 MHz (ELT) and 123.1 MHz (Search and Rescue).

The introduction of Space-Based services could enable the reduction of separation minima between aircraft, improving the capacity and efficiency of aircraft management, and supporting aircraft to fly on preferred routes thereby reducing time, fuel and CO2 emissions.

Different organizations have worked for more than 5 years carrying out studies, simulations and testing to guarantee the technical feasibility of the Space-Based VHF, as well as compatibility studies with the services operating in the adjacent bands and other aspects that support optimal integration with current terrestrial VHF services.

The 2023 World Radiocommunication Conference approved the use of the VHF Airband for Space-Based VHF and invited ICAO to take this into account when developing SARPS for Space-Based VHF. To address this, ICAO has established two Groups:

1) Project Team – Space-Based VHF (PT-SBV) reports to the DCIWG and is responsible for reviewing and proposing the amendment to Annex 10, Volume III for technical topics, and
2) Space-Based VHF Correspondence Group (SB-VHF CG) reports to the FSMP-WG and is responsible for reviewing and proposing the amendment to Annex 10, Volume V including frequency planning criteria and procedures for Space-Based VHF.

With the approval of these changes at the SARP level, other technical aspects will be detailed at a second level. For example, review of VDL Mode 2 parameters, protocols and testing procedures that will be included in document Doc.9776 Manual on VHF Digital Link (VDL) Mode 2, and the criteria for Space-Based VHF frequency allocation, compatible with the current terrestrial VHF services, that will be included in the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Doc. 9718.
Discussion
Space-Based VHF (SB-VHF) Potential Benefits 
Increased Safety: Accidents in oceanic airspace represent a significant portion of global aviation incidents, with more than 1.5 accidents occurring annually, approximately 0.9 of which occur in the Atlantic Ocean according to the Flight Safety Foundation – Aviation Safety Network. 
While the exact reduction in accidents due to the implementation of  SB-VHF is challenging to estimate, it is certain that enhancing the situational awareness of pilots and air traffic controllers in areas with limited coverage will improve safety levels and reduce risk factors. Additionally, SB-VHF and combination with SB-SUR aims to evaluate the benefits of integrating aircraft position data as a component of the Global Aeronautical Distress and Safety System (GADSS), enhancing the service catalogue. These safety improvements will be quantifiable through a set of Key Performance Indicators (KPIs) such as the number, severity, and duration of separation minima infringements, and the number of ATM-related incidents.

Interoperability and Harmonization: Ensuring that SB-VHF integrates smoothly with existing airborne equipment and terrestrial VHF systems is critical for seamless communication. Regulatory amendments will address interoperability with current equipment and align SB-VHF implementation across airspace regions, reducing technical disparities and establishing consistent service levels.

Reduction of Separation Minima: separation minima have been defined upon the available PBCS and existing infrastructure. Since 2019, separation minima in the North Atlantic region has been reduced by the introduction of new standards that recognize the use of SB-SUR  as a means of ATS surveillance, and prescribed Performance Specifications for Navigation (RNP 4 or 2) and Communications (RCP 240) for operations in non-VHF areas. The new standards allow a longitudinal separation minima of 14 NM to 17 NM, reduced from the previous minima of 30 NM which does not use space-based ADS-B, and a lateral separation minimum of 19 NM, compared to the previous 23 NM. Although it is very challenging to estimate the reduction in separation minima that SB-VHF will enable that will be assessed by SASP panel, it is expected that implementation of SB-VHF concept could further reduce separation minima in the oceanic and remote areas from these values to values closer to the ones used in continental airspace.

ANS Operating Cost Savings: ANSPs are likely to benefit from the Direct-Controller-Pilot Communications (DCPC). This improvement can streamline operations, reduce errors, and potentially decrease the workload on air traffic controllers.

Increased Flight Efficiency Due to Route Optimization: The SB-VHF + SB-SUR combination could improve flight efficiency by enabling the creation of new procedures that allow aircraft to fly outside fixed and pre-established routes, thanks to the implementation of User Preferred Routes in oceanic airspace. This approach aims to optimize air traffic management and reduce unnecessary fuel consumption.

CO2 Emissions Reduction: By facilitating more efficient routing and reducing flight times, SB-VHF + SB-SUR can directly decrease fuel consumption, thereby reducing CO2 emissions associated with less optimized flight paths.

Non-CO2 Impact Reduction: Contrails are a significant source of non-CO2 emissions, accounting for up to two-thirds of the climate impact of aviation. The tactical use of SB-VHF COM + SB-SUR to enable aircraft to perform flight level changes can help pilots avoid areas prone to contrail formation, thereby reducing this environmental impact.
No change in avionics and ground VHF equipment 
The SB-VHF concept is based on the use of existing airborne equipment. The system will be able to interact with standard on-board VHF system, both for datalink using VDL-Mode 2 and the standard radio communication for the VHF-Voice.

The voice and data communications between ATCOs and pilots would remain exactly the same. The change to communications will be completely transparent for ATCOs and pilots and they are not aware of the underlying technology that supports these communications. This also means that ATCOs and pilots will continue using the operational procedures they use today, implying that there is also minimal need for additional training or further certification for the ATCOs. As a result, there will be no additional costs or required extra time for ATCOs and pilots using SB-VHF as underlying technology.
Voice Operational Concept 
The concept of the operation of the Space-based VHF Voice (SB-VHF Voice) system is intended to provide SB-VHF Voice services globally whilst preserving the current terrestrial VHF Voice operational procedures. As it is well known, the airspace is divided in several areas called FIR (Flight Information Region) in order to divide the total air traffic volume. The FIRs may be further split into ATC sectors under the control of one or more ATCOs. This sense, each satellite system will be able to provide SB-VHF Voice services to the sector under its coverage area following an appropriate frequency planning and coordination process.


ICAO is of the position that the coordination between SB-VHF and terrestrial VHF will be performed through the conventional frequency planning process. The SB-VHF CG is working to identify separation criteria to ensure that SB-VHF and terrestrial VHF are compatible and that the SB-VHF does not cause harmful interference to the terrestrial VHF services.
Datalink Operational Concept 
The concept of operation for Space-based VHF datalink (SB-VDL) was analysed considering the potential impact on current avionics and datalink operational procedures.

Main conclusions of the analysis (analysis document available) are:
· SB-VDL services could be integrated in oceanic and remote continental areas of CSPs datalink (POA/VDLm2) infrastructure using current operational procedures without any modification in current avionics, and with or without an optional datalink avionic database update (also supported by standard operational procedures).
· SB-VDL services could be provided assuring no interference with the current terrestrial VHF Datalink (VDL) infrastructure.
Space-Based VHF on the current ground infrastructure 
On top of the positive impact introduced by the concept itself, the SB-VHF system will have a positive impact on infrastructure: 
· The current terrestrial VDL infrastructure will receive additional capacity and extension of coverage in areas where there is currently no VDL coverage, 
· The SB-VHF  system will provide continental-like performance in Oceanic, Remote and Polar (ORP) areas. This may allow decreasing the separation minima between the aircraft in those areas, and it could also support PBCS specifications currently used for continental airspaces, e.g., RCP-130 and RSP-160.
.
Space-Based VHF Datalink on the Communication Service Provider (CSP)
Current CSPs such as SITA, Collins, and countries that perform the CSP function (e.g. Brazil and Italy), will observe a positive impact on their terrestrial VDL networks.

The SB-VDL system providing global coverage will become a normal evolution of the terrestrial VDL networks. This will enhance the coverage and capacity of existing VDL networks.

Some coordination between providers will be required, because multiple new SB-VDL stations will need to be integrated in the overall ecosystem of VDL networks globally. One consideration is the update of the configuration in the current CSPs infrastructure (VME) and for countries performing the CSP function.

An additional activity is the integration of the SB-VDL stations in the Supervision systems for all CSPs and for the countries performing the CSP function. Again, this needs coordination but is achievable whenever the appropriate agreements are sufficiently discussed and approved.

Finally, technical staff will need to be trained and informed about the new SB-VDL stations, there characteristics and how they interact with the existing VDL networks.

SB-VDL stations can be seamlessly integrated in current CSPs datalink solution. It is important to make all POA/VDLM2 stakeholders aware that the introduction of SB-VDL will be completely transparent and that they gain the advantages described in this document.
Space-Based VHF on Operational considerations for the airlines
The SB-VDL does not require any VDL software modification however, some modification to the aircraft database may be necessary e.g. defining additional POA frequencies for SB-VDL coverage. Airlines may need to update CSP coverage maps for the expanded coverage use case (for avionics of aircraft operating within the affected region). For avionics with a worldwide list the space-based frequencies will be added to the list.

Space-Based VHF on Air Navigation Service Providers (ANSP)
SB-VHF Voice and SB-VDL will bring numerous benefits for ANSPs.

· Bridging the gap between oceanic and continental services by increasing capacity, improving operational efficiency, predictability, and reducing delays.
· Increasing ATM system resilience. SB-VHF/VDL could become the primary means of communication on oceanic and remote continental areas. It could be, however, a valid contingency measure for continental areas.
· Increasing the availability of CPDLC usage for all aircraft in oceanic as in continental, reducing the amount of voice communications (which represents 30-50% of ATCO workload), therefore reducing ATCO workload.
· Increasing flexibility to manage demand peaks. Reduction of ATCO workload by using ATC voice (radio) and datalink services will increase ATCO productivity and enhance capacity to manage demand peaks.
· Enabling optimal routes for airspace users thanks to DCPCvoice and data communications and the subsequent implementation of user preferred routes or optimized routes for weather.
· Will support rapid introduction of Trajectory Based Operation – continuous datalink will be available worldwide on aircraft with the correct avionics fitment.
· Delays can be reduced thanks to better CNS services. In some areas, 68% of en-route ATFM delays are caused by ATC capacity and ATC staffing.
· Instantaneous communications with oceanic airspace will increase also the safety of airspace users in oceanic and remote areas.

In summary a Space-Based VHF services in oceanic and remote areas for Voice and Data Link, as per continental, areas will enable the ANSP to reduce the separation minima, increase capacity, improve efficiency and support the possibility for airspace users to fly on their preferred route.
COnclusion
Space-Based VHF Operational conclusion 
This Working  Paper introduces the SB-VHF concept and demonstrates that a smooth integration of the Space-Based system with currently deployed terrestrial networks is feasible making use of the VDL (both VDLM2 and POA) network mechanism and without impacting the currently used avionics.

For SB-VHF Voice services the integration with current infrastructure could be achieved by a coordination of frequencies assignment on a regional basis.

SB-VDL will provide additional capacity in areas that are already served by a VDL network. In particular, deploying a SB-VDL system can cover a wider area in areas lacking enough terrestrial infrastructure.

For the use case related to the extension of coverage to oceanic and remote continental areas, the concept is flexible enough to integrate the SB-VHF system in different regions not affecting the operation of terrestrial networks operating in the same area.

As mentioned through the document, to support the described concept of operation, the currently in use avionics do not need any modification (VHF voice, POA/VDLm2 datalink and ADS-B). As also pointed out, it may require changing their database only to update the frequencies list if necessary.

In summary, Satellite based datalink services could be integrated in existing infrastructure using current operational procedures without any modification in current avionics, with or without an optional update of the datalink avionic database (also supported by standard operational procedures).

Based on the considerations explained in this document, SB-VDL services could be provided assuring no interference with the current terrestrial infrastructure and providing benefits for the air traffic sector.
Space-Based VHF Operational next steps
The impacts on ATM operations, potential reduction of separation minima and contingency aspects are still to be addressed. These topics, under the umbrella of the Operational Context need the collaboration of the Operational ICAO Panels (CP-OPDLWG, SASP, ATMOPSP and FLTOPSP) to obtain the maximum benefit of a SB-VHF Systems from an Operational point of view.
ACtion by the meeting
The Meeting is invited to. 
1) To consider the content of this paper.
2) To identify the best in which Operational ICAO Panels (CP-OPDLWG, SASP, ATMOPSP and FLTOPSP) could be liaised with PT-SBV and SB-VHF CG to address the Operational benefits operating an airspace volume based on the services provided by a Space-Based VHF system. 
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OCEANIC AND REMOTE AREAS HAVE LIMITED CNS INFRASTRUCTURE, WHICH CONDITIONS SEPARATION STANDARDS

WHAT’S THE PROBLEM?



SB-VHF WILL PROVIDE GLOBAL COVERAGE OF VHF AMS(R) SERVICES & ADS-B INCLUDING OCEANIC AND REMOTE AREAS







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































100% Coverage
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Global coverage is key to reduce separation of aircraft in oceanic and remote areas, thus reducing separation standards increasing efficiency and capacity while reinforcing the required level of safety. Additionally, it will serve as backup for continental areas.

To provide the same services all over the world without performance gaps, CNS services in oceanic & remote areas need to be the same as in continental areas







WHAT’S THE SOLUTION?



AIRCRAFT WILL NOT NEED ANY ADDITIONAL AVIONICS EQUIPMENT
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SAT-SAT Interlink

SAT-SAT Interlink

SAT-ground links



SB-VHF network

ANSP network















Constellation Control, Service Provision  & Data Centres

























Avionics interfaced







TMTC Stations

SAT-aircraft links





Ground Stations











ATCOs/PILOTS WILL NOT NEED ANY NEW TRAINING AND ADS-B/VHF DATA WILL BE PROCESSED AS USUAL BY ATC SYSTEMS



ATC Centre























ATM Interface Centre

SB-VHF Service providers will own a constellation fully designed and developed for ATM purposes which will translate into controlled costs.
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LEO

Iridium (SATCOM) + AIREON  (SUR)

780 Km



SB-VHF

600-700 Km









SB-VHF Solution







Separation minima:  

Radar-like or New RCP and RSP in PBCS

Sat VHF Voice

Sat VHF Data

Sat ADS-B

MEO

GPS / Galileo (NAV)

20.200 Km / 23.200 Km

GEO

Inmarsat (SATCOM)

36.000 Km

































Ground station



multipurpose DESIGNED







ATMIC





TMTC Teleport



AOC Centre





ACC





Collins / SITA

SWIM

Airspace Users



No matter what:



CSP (SITA/Collins) if any. 



Comms equipment (Iridium, Inmarsat, SATCOM,..) if any.



Flight Level.
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prueba











































































































































































































ATS Communications

aTC/Aoc Communications

VHF Voice

VHF Datalink











































VHF Datalink

























ADS-B

SB-VHF ENABLES AERONAUTICAL COM & SUR 

SERVICES FROM SPACE

surveillance

ADDED VALUE SERVICES
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Continental

Oceanic
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SB-VHF CONCEPT IS A GAME CHANGER THAT WILL BRIDGE THE GAP BETWEEN OCEANIC AND CONTINTENAL ATM SERVICES…

Overall, SB-VHF will enable a unified service quality in the entire airspace, allowing the ANSP charge the same unit rates to airlines for every region of the airspace











Increasing capacity

Eradicating procedural routes

Improving operational efficiency

Improving predictability and reducing delays







SB-VHF











Ground coverage



Ground coverage

























































SB-ADS-B coverage







Ground coverage
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PROVIDE FULL COVERAGE OF COM AND SUR FROM SPACE TO GROUND LEVEL

Increase resilience

Adding a new layer of infrastructure allow you to utilise SB-VHF infrastructure as a contingency measure in case of high demand or technical difficulties, increasing the resilience of your network

optimise ground INFRASTRUCTURE 

Satellite-based ADS-B can reduce the amount of ground ADS-B & SSR infrastructure required, especially if the ANSP has defined duplicity plans (i.e. double-triple coverage) or duplicities caused by terrain orography



















































































SB-VHF

SB-ADS-B
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ENABLE DATALINK TO ALL AIRCRAFT ACROSS YOUR AIRSPACE AND REDUCE THE WORKLOAD OF YOUR CONTROLLERS































































VHF Datalink

Remote / Oceanic area











VHF Datalink































































































































Thanks to SB-VHF

The ANSP will have the capacity to absorb demand peaks more efficiently

Increase cpdlc availability: vhf datalink

Increase flexibility to manage demand peaks

SB-VHF will increase the availability of CPDLC usage for all aircraft, reducing the amount of voice communications (which represents 30-50% of ATCO workload), therefore reducing ATCO workload.





The reduction of the ATCO workload will entail an increment on the ATCO productivity, which will allow the ANSP enhance the capacity to manage demand peaks

SB-VHF
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ENABLE OPTIMAL ROUTES FOR USERS THANKS TO SWIFT VOICE AND DATA COMMUNICATIONS





User Preferred Routes (UPR) or free route airspace

Wind optimal routes

Tactical control, instead of procedural control



Procedural routes

Optimal routes

Thanks to SB-VHF



Vertical efficiency





Suboptimal route flight level

Optimal route flight level











Seamless operations in Oceanic and Continental





Move from procedural operations to user preferred routes
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IMPROVE PREDICTABILITY AND REDUCE DELAYS















enhanced atc COM & sur SERVICES will increase predictability LEVELS

ATCOs will be able to track aircrafts with more frequency and precision, therefore reducing uncertainty in the flight duration and variability between predicted and actual times. This will allow airports to optimize the management of arrivals and increase airport throughput. 























DELAYS WILL ALSO BE REDUCED THANKS TO A BETTER COM & SUR SERVICE

68% of en-route ATFM delays are caused by ATC capacity. SB-VHF can directly contribute to reduce these delays by allowing more flexible routes (hence, increasing capacity) and reducing ATCO workload (therefore increasing ATCO productivity). 
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ENRICH SITUATIONAL AWARENESS OF SURROUNDING AIRSPACE LOAD, IMPROVE YOUR FORECAST AND PLANNING

ads-b coverage up to ground level

Space-based ADS-B service is able to offer a high refresh rate and quality signal up to ground level, allowing airlines to get aircraft data even in airports of during ascend/descend operations  

Ensuring the VERIFICATION of the signal thanks to multilateration

It allows to triangulate the position of aircraft ensuring that no fraudulent flights are introduced into the system
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SB-ADS-B
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Latency

Integrity

Continuity

Congestion
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HAVE AT YOUR DISPOSAL A CERTIFIED SERVICE THAT WILL GUARANTEE A QUALITY STANDARD





Signal monitoring







Permanent consciousness of availability and quality of the service provided

Forget about the numerous pilot attempts to communicate with ATC

SB-VHF ENVISAGES IN ITS VALUE CHAIN A UNIT SPECIALISED IN MONITORING THE QUALITY OF THE SERVICE





Ground segment actor that analyses and ensures the quality of the service. It performs constant checks of the signal and has the responsibility to ensure the service can be used by final users according to regulation. Service Provision Unit also helps in the certification process of the services 

















Service Provision Unit  (SPU)
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KEEPING AND EVEN INCRESING SAFETY FOR ALL AIRSPACE USERS 

SB-VHF will enable…









Real time tracking 

Increased situational awareness and broadcast comm. service

Ensured communications (redundancy)

Global coverage

Alerting service

This features will reduce risks, increasing safety levels

Certified service

Improved response time
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SB-VHF CONCEPT IS THE OPTIMAL SOLUTION FOR ANY ANSP





























SB-VHF would directly reduce the costs related with deploying/renewing ground COM and SUR infrastructure

DEPLOY/RENEW GROUND INFRASTRUCTURE



















SB-VHF would reduce ATCOs workload, therefore increasing their productivity and overall ATS service performance

ENHANCE ATC SERVICE QUALITY























SB-VHF would allow the implementation of new optimal procedures allowing airlines to fly more flexible routes

ENABLE BETTER OPERATIONAL PROCEDURES







SB-VHF would increase the capacity of this uncovered areas by enhancing ATS services, hence reducing separation minima

EXPAND IN OCEANIC/REMOTE REGIONS
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SOLUTIONS AND ADVANTAGES FOR ANSPs









15

BENEFITS OF THE SATELLITE-BASED SOLUTION

BENEFITS AT A GLANCE

Ground coverage



Ground coverage

























































SB-VHF coverage





Ground coverage









































































































Oceanic







































































































































































































































Procedural routes

Optimal routes

Thanks to

SB-VHF















Suboptimal route flight level

Optimal route flight level















Productivity

Horizontal Efficiency

Vertical Efficiency

Seamless airspace

Separation Reduction

Optimization of Ground Infrastructures















































Eco friendly

SB-VHF

SB-VHF
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Reduced CO2 footprint

ENVIRONMENTAL BENEFITS









































The model estimates a reduction of ~13 Mt CO2  emissions in the first 3 years of operation with a market penetration of 10% accounting for the main CO2 emitters

condensation

flight efficiency

wind optimal routes

















CO2 reductions
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No Space Debris
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ADS-B advantages compared to existing solutions

Global coverage

Coverage up to ground level

With a maximum latency level of 1,5 seconds

Use of multilateration techniques to validate integrity, triple coverage



SB-VHF global voice and data coverage

VHF voice and data is a new service on remote and oceanic areas

Space-Based infrastructure may avoid the need to deploy certain ground stations in specific areas



Certified Service from Satellite 

QoS levels to allow new ATC procedures and new routes in remote and Oceanic areas



Space-Based Services proposal:

Global coverage including oceanic areas

No avionics software upgrades required

Contingency and increased redundancy

Certified services
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Space based infrastructure can provide the following services and improvements

SB-VHF&ADS-B NEW SERVICES
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ADDED VALUE FOR ANSPs AND AIRLINES

Airlines















































ANSPs











Providing oceanic coverage with no additional equipment required

Reducing delays and improving predictability levels

Increasing safety levels

Allowing aircraft to fly optimal routes

Reducing Flight Operating Costs 

Reducing CO2 emissions











Improving performance of ATC communications



Optimizing  infrastructure deployment/renewal



Increasing airspace capacity



Increasing resilience by adding a new infrastructure layer



Optimizing ANSP controllers rostering



Reducing fuel consumption

Providing enhanced AOC service



Allowing the creation of flexible procedures
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