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1 User Requirements Analysis 

This chapter aims at providing a detailed analysis of user requirements pertaining to aviation and 
drones applications introduced before, describing the different roles and needs covered by GNSS 
and EO and, ultimately, identifying the corresponding requirements from a user perspective. 

From a high-level perspective, GNSS plays an important role in aviation segment especially to 
compute PVT (position, velocity and time). GNSS is foreseen as the main navigation and surveillance 
tool for open and specific category of drones due to its high performance, light-weight weight and 
ubiquitous nature (for outdoors and open sky operations). In the aviation context, the EO serves a 
purpose of monitoring the air quality with focus on particulates that have potential to impact 
operations e.g. sand or volcanic ash. 

Table 1 below depicts the main applications making use of GNSS and/or EO technologies in aviation 
and drones. The list of applications is non-exhaustive and is expected to potentially grow and adapt 
according to the expected adoption of space technologies in the coming years and the innovations 
that should come with it. The current report being the first version of the aviation and drones report 
on User Needs and Requirements addressing EO in addition to GNSS, it is a living and evolving 
document that will periodically be updated and expanded by EUSPA in its next releases. 

While each one of the applications addressed in this document can benefit from GNSS and/or EO, 
the current issue the RUR does not cover in detail the needs and requirements of all applications. 
The applications that are explored in detail in this document have been selected following a 
prioritising based on stakeholder feedback on the usefulness of the applications, their maturity level 
and relevance to individual market trends and drivers. Other applications are foreseen to be covered 
in more detail in future versions of this RUR. 

The following applications categorisation reflects the depth of information available in section 5: 

 

Application Type A: these applications correspond to those for which an in-depth 
investigation is presented and for which needs and requirements relevant to GNSS 
and/or EO have been identified and validated with the aviation and drones user 
community in either this or previous editions1.  

 

Application Type B: these applications correspond to those not selected for in-depth 
investigation in the current version of this document, for which a partial specification 
of needs and requirements is provided, limited at this stage to the ones relevant to 
GNSS. 

 

Application Type C: these applications correspond to EO-based applications, not 
selected for in-depth investigation in the current version of the document. A high-level 
description of the application is included considering that they will be further analysed 
and developed in next versions of the RURs. 

 

                                                           

1  
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The table below maps the aviation and drone related applications to the three above-mentioned 
types. The following list of applications and their categorisation are expected to evolve in the next 
versions of the document. 

Legend 

EO only application  
GNSS only application  
Hybrid/synergetic application (combined use of EO and GNSS) 

Table 1 Applications and depth of information 

Subsegment Application Type of application / 
Level of Investigation 

Communications 
Time synchronisation C  
ATM system timing C  

Environmental 
Monitoring 

Aircraft Emission Measurement and Monitoring C  
Particulate Matter Monitoring A  

Navigation 

Resilience requirements for a total PBN environment A  

P
B

N
 A

p
p

lic
at

io
n

s 

RNAV / RNP for En-route and TMA A  
RNP APCH (LNAV) A  
RNP APCH (LNAV/VNAV) A  
RNP APCH (LPV) A  
RNP AR APCH  A  
A-RNP C  
RNP 0.3 C  

GBAS CAT I B  
GBAS CAT II/III C  
Precision approaches with AUTOLAND C  
Transition from P-RNAV/RNP/RNP AR to LPV C  
Transition from continuous descent approach (CDA) to LPV 
continuous descent approach 

C  

Steep approach (5°) based on GNSS (EGNOS) C  
PBN Approach procedures in simultaneous operations to 
instrument parallel runways (SOIR) 

C  

VFR complement B  

Operations 
Management 

Aircraft Maintenance and Operation Optimisation C  
Airport Asset Monitoring C  
Monitoring Terrain Obstacles near an Airport C  

Surveillance 
 

eConspicuity (e.g. ADS-B applications) B  
Search and Rescue (GADSS) C  
Terrain awareness C  

Weather services Hazardous Weather Identification C  

Drones 

Navigation / Positioning System B  
PBN Applications A  
Mission planning/SORA A  
Geo-awareness System B  
Geo identification System B  
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The next section 5.1 addresses first “type A” applications, then “type B” applications and finally 
“type C” applications, for which the level of provided information is currently the less developed.] 

Each EO-based “Type A” application will cover the needs and requirements for potentially several 
operational scenarios. For each scenario, a table summarises the EO related needs and 
requirements. The table template is illustrated below in Table 2 and explains the various inputs. 

Table 2: Description of needs and requirements relevant to EO table2 

ID  Identifier 

Application Application covered. 

Users Common users of the product/service. 

User Needs 

Operational scenario 
Describes the operational scenario faced by the user, which requires a 
solution. 

Size of area of interest 
Describes the area of interest (e.g. an airport is only interested in the area 
out to 45km from the reference point). 

Scale 
Describes the scale of interest (e.g. an airport is interested in all obstacles 
above 10m in height within the area). 

Frequency of information How often the user requires the information. 

Other (if applicable) 
Other user needs such as contextual information (weather data) or file 
formatting requirements. 

Service Provider Offer 

What the service does Description of the service that satisfies the user’s needs. 

How does the service work (Technical) description of how the service works. 

Service Provider Satellite EO Requirements 

Spatial resolution 
Spatial resolution of the satellite imagery/data required by the service 
provider to realise the service.  

Temporal resolution Frequency of satellite data (revisit time) over the area of interest.  

Data type / Spectral range Type of data (e.g. RGB, SAR) and spectral range (if relevant). 

Other (if applicable)  Other data requirements. 

Service Inputs 

Satellite data sources 
Type of required data and examples of operational satellites that can provide 
these data. 

Other data sources Other sources of data that the service provider uses to realise the service. 

Disclaimer: The EO-related requirements presented in the next section should be considered as 
“work-in-progress”. They must be seen as a first attempt to specify requirements relevant to EO and 
are likely to evolve throughout the UCP process. 

                                                           

2 See key EO performance parameters (detailed) definition in annex Annex 5. 
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1.1 Current GNSS/EO use and requirements per application 

1.1.1 Communication 

1.1.1.1 Time synchronisation  

GNSS provides precise time information that is used in many aviation systems to synchronise local 
clocks to Coordinated Universal Time (UTC); these synchronised clocks are used to assign globally 
valid and comparable time stamps to events. 

In the aviation domain, surveillance sensor data exchange with ATM systems is the most common 
application using GNSS timing as this data is timestamped, to inform the system of the target 
position measurement event time.  

For this purpose, both surveillance systems and ATM systems at air traffic control (ATC) centres rely 
on GNSS for time referencing that is synchronised with a local time server for resilience purposes to 
provide time signals to the rest of the ATM or surveillance modules. 

1.1.1.2 ATM system timing  

The ground systems used by air traffic control are increasingly connected. The systems rely on 
precise and high integrity timing for synchronization of logs, communication and traffic handover at 
system level - all of which are dependent on GNSS derived timing. The requirement for the accuracy 
of this timing is linked to the above application. 

1.1.2 Environmental monitoring 

1.1.2.1 Aircraft Emission Measurement and Monitoring  

This application reflects the growing push for aviation to monitor Enables monitoring of trace gas 
composition of the Earth’s atmosphere at different altitudes to understand more accurately the 
impact Aviation has on the environment at those different altitudes. 

1.1.2.2 Particulate Matter Monitoring  

Particulate Matter (PM), also called particle pollution, defines the concentration of solid particles 
and liquid droplets in the air. Examples include ash, dust, soot, smoke or sand. Usually PM2.5 and 
PM10 is monitored. The number expresses the size (diameter) of the particle in microns. Provisions 
for notifying airspace users of meteorological events, such as ash clouds, are already prescribed 
within ICAO Annex 3 which stipulates the ASHTAM message format. Other types of precipitation 
and weather are also defined within this document. 

Earth Observation provides a means in parallel with dedicated weather observation satellites, to 
monitor for the presence of particulates (specifically volcanic ash) which can have a significant 
impact on aircraft engines. Limited but frequent exposure to PM increases the wear of engine parts 
and significantly shortens the maintenance cycles. Very high concentration of PM sucked into an 
engine may also cause a sudden shutdown of the engine. An engine loss infers significant safety risks 
and therefore route planners and pilots always avoid areas with higher PM concentration. Several 
examples of this have been reported over the years during volcanic eruption. The severity of these 
particulates means that nine Volcanic Ash Advisory Centres (VAAC) are established to provide global 
monitoring and reports which can be disseminated via aviation’s usual channels to inform flight 
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crew. These centres rely on a variety of sensors (space and ground) to detect eruptions and monitor 
cloud formation from volcanic ash. However, the way in which the VAACs communicate details of 
volcanic ash, or indeed any other form of atmospheric particulate must remain compliant with the 
requirements of ICAO Annex 3. The resulting output remains therefore textual, variable in accuracy 
and difficult to interpret relying on third party products to integrate and visualise.  

The EO (e.g. Copernicus Atmosphere Monitoring Service, CAMS) systems are capable of monitoring 
the PM concertation. The user requirements for this application will be described by: 

 Vertical coverage – range of flight levels (altitudes) at which the data is collected, 

 Horizontal coverage – the extent of observed region, 

 Horizontal resolution – the size of an area represented by a single data point, 

 Temporal resolution – observation revisit period or forecast interval period. 

 Temporal coverage – length of historical records, length of forecast horizon 

 Latency – time from observation to delivery 

To provide full benefits the coverage should be global. Vertical coverage i.e. the altitude levels at 
which data is available should be consistent with ICAO separation rules. Aircraft flying under FL290 
or with reduced vertical separation minima standards above FL290 are vertically separated by 
1,000ft. Aircraft above FL290 under standards vertical separation minima are separate by 2,000ft. 
Given that aircraft are currently separating vertically by between 1,000 to 2,000ft, to support 
realistic flight planning, the EO data should have a resolution that supports planning at this flight 
level resolution. 

The aim of the application is to provide an indication of PM extent and therefore nautical miles (NM) 
are deemed to be sufficient for horizontal resolution. Current guidance in offsetting of routes within 
ICAO documentation is for offsets of 10-15NM [RD10]. Given the guidance to avoid by this margin, 
it would be expected that a resolution at this level is also needed to support modifications of 
trajectories by ATC and/or flight crew in uncontrolled airspace. 

Flight crew are responsible for checking the weather conditions prior to conducting any flight. This 
has to be performed with the latest data available and weather reports – including significant winds 
– which are generally reported with <12hr validity. However, where the weather conditions are not 
expected to change significantly, the forecasts are sufficient out to 18 hours [RD31]. Therefore, the 
EO solution must be able to support a forecast valid for an 18hr timeframe after which a new 
forecast valid for a 18hr wind should be supported. An example, of a current graphical 
representation of a volcanic ash graphic (VAG) that the service could support is provided below. 
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Figure 1: Example of volcanic ash graphic3 

The requirements specified by this application are summarised in the following table. 

ID   

Users 
World aviation Forecast centres, Volcanic Ash Advisory Centres, Flight planning 
software providers, Air Navigation Service Providers, Airlines and Business 
aviation users which might be operating on international flights 

User Needs 

Operational scenario 

Following the eruption of a volcano or a large sandstorm, the application will 
support the production of warnings provided to the aviation community of areas 
that should be avoided for flight due to the risk posed to aircraft. It will provide 
information of sufficient resolution that a decision will be possible to re-route 
the flight and understand the operational trade-offs for flights proceeding or 
being cancelled. 

Size of area of interest Global – and even more critical in remote areas. 

Scale  

Frequency of 
information 

Daily. Pilots are required to take into account the latest weather information.  

Other (if applicable) 

Information should be provided in graphical and textual nature to allow 
production of alerts similarly to that provided by ASHTAM, SNOWTAM within 
ICAO Annex 3 to achieve the regulatory minimum. Advantage should be taken of 
any additional information that can extracted and extend the information 
provided beyond that required as a regulatory minimum. 

                                                           

3 https://www.metoffice.gov.uk/services/transport/aviation/regulated/vaac/advisories 
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Service Provider Offer 

What the service does 

Provides an indication to airspace users of where there are significant amounts 
of particulate matter which should be avoided. With monitoring of the 
particulate matter, the service may enable forecasts to be provided at shorter 
intervals and with more precision than current solutions.  

How does the service 
work 

The service monitors for the presence of specific particulates such as volcanic 
ash, sand dust etc which are known to cause either engine or airframe corrosive 
damage as a result of aircraft flight through high concentrations of the 
particulates. The service should monitor over the period of interest and support 
the production of graphical information associated with Volcanic Ash Graphics as 
required by ICAO Annex 3.  

Service Provider Satellite EO Requirements 

Spatial resolution 
Data and images should have spatial accuracy below 10NMs. This is to enable 
flights to be offset as needed from the particulate matter. 

Temporal resolution Data should be no older than 18 hrs 

Data type / Spectral 
range 

TBC 

Other (if applicable)  Other requirements as per ICAO Annex 3 (e.g. time stamped in UTC) 

Service Inputs 

Satellite data sources Sentinel-3, Sentinel-5P and weather observation satellites 

Other data sources 
Volcano data; satellite-based, ground-based and aircraft observations; weather 
forecast models and dispersion models 

1.1.3 Navigation 

1.1.3.1 Resilience requirements for a total PBN environment  

The Performance Based Navigation (PBN) is a modern concept of navigation based on using Area 
Navigation (RNAV). The performance requirements (e.g. accuracy, integrity or continuity) are 
expressed as navigation specifications. The introduction of PBN aims to move from sensor-based 
navigation methods to performance-based which allows to reduce the network of ground-based 
sensors. Other PBN benefits are linked to more efficient airspace usage with direct effects on fuel 
efficiency, route optimisation and noise and emission reduction. 

The PBN Implementing Rule (EC) No 2018/1048 mandates the implementation of EGNOS 
approaches (LPV and CAT I) to all instrument runways (by 2024) and preference of PBN approaches 
(LNAV/VNAV and LPV) and ILS CAT I network to be minimised (by 2030).  

The role of GNSS in PBN environment is to compute PVT (position, velocity and time). In order to 
guarantee signal in space for safe and reliable operations, performance requirements are defined 
by ICAO (Annex 10, Table 3.7.2.4-1). It encompasses: 

 Horizontal/vertical accuracy, 

 Integrity (integrity risk, time to alert and alert limits), 

 Continuity, and 

 Availability. 

for different phases of flight and various types of approaches. Some of these parameters determine 
the target level of safety. In some cases, the required level of performance may also be a 
consequence of a business continuity requirements. 
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Figure 2: GNSS signal in space performance requirements – ICAO Annex 10 Vol I. 

The alert limits for these applications ae also specified in ICAO Annex 10 Vol I as follows: 

 

Figure 3: GNSS signal in space alert limits – ICAO Annex 10 Vol I 

According to the European Navaid Infrastructure Planning Handbook [RD21], the expected 
availability and continuity of the navigation service determines the redundancy of the DME/DME 
coverage and finally the density of ground stations. In order to determine the Minimum Operating 
Network - MON (the smallest network of non-GNSS navigation equipment that is capable to support 
operations in case of GNSS outage) of ground stations, consideration must be given to the possible 
loss of GNSS signals and how to maintain ATM operations using only ground-based Navaids. Further 



 

Page 12 

requirements need to be defined for resilience of the system (e.g. probability of signal interference, 
event duration, geographical scope of the event or probability of frequency saturation) to reduce 
the chance of GNSS interference significantly. 

It is important to note that although MON reduction leads to cost efficiencies, the current level of 
safety should not be impacted. 

In addition to the requirements that are placed on the core GNSS signal in space, other advances 
such as that from the development of Advanced RAIM (A-RAIM) also contribute to the overall 
robustness of the aircraft’s PBN solution. This concept was developed in the frame of the EU-US 
Cooperation on Satellite navigation – WG C - ARAIM Technical Subgroup.  

The A-RAIM concept aims at overcoming the limitations of the conventional RAIM algorithms mainly 
applicable to a single constellation and not able to address the vertical plane. To this end, A-RAIM 
will allow: 

 To consider all navigation core constellations with different failure probabilities, 
implementing an Integrity Support Message (ISM) reflecting these parameters, 

 To significantly improve the current RAIM availability on the globe, thus removing “RAIM 
holes” when using 2 or more constellations, 

 To significantly improve the receiver integrity performance, allowing worldwide LPV 200 
and possibly more stringent operations. 

The A-RAIM concept distinguishes two application steps:  

 Horizontal ARAIM (H-ARAIM) that could be implemented in the first generation of DFMC 
GNSS receivers. 

 Vertical A-RAIM that needs maturation, mainly for the implementation options of the 
ground infrastructure that would be needed for distribution of ISM message with other 
augmentation data. This concept is only foreseen for long term (not before 2030).  

Several R&D projects on A-RAIM have been funded in Europe. The SAFE project, funded by 
EUROCONTROL, demonstrated the feasibility and benefits of introducing H-ARAIM in the first 
generation of DFMC receivers. 

1.1.3.2 PBN Applications 

1.1.3.2.1 RNP / RNAV for En-Route and Terminal operations  

GNSS will be used in Air Navigation under the so called PBN concept, enabling all current PBN 
navigation specifications. The PBN evolution makes GNSS the main means of navigation while other 
sources, such as conventional navaids, are kept on some level and where feasible, as back-up 
systems for safety reasons.  

Within PBN, RNAV and RNP applications are commonly characterized by a designator X referring to 
the lateral navigation accuracy in nautical miles. In case the required lateral accuracy varies along 
the path a suffix is used (e.g. RNP APCH for approach). The lateral accuracy performance is expected 
to be achieved at least 95 per cent of the flight time by the population of aircraft operating within 
the airspace, route or procedure.  

The fundamental difference between RNAV and RNP applications is the need for a positioning 
monitoring and alerting function for RNP applications which mandates the use of GNSS. 
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 Oceanic and remote continental airspace concepts: they are supported by three navigation 
applications (RNAV 10, RNP 4 and RNP 2) relying primarily on GNSS for navigation. 

 Continental en-route airspace concepts: they are currently supported by RNAV and RNP 
applications (RNAV 2, RNAV 5, RNP 5). 

 Terminal airspace concepts (for arrival and departure): they are supported by RNAV 
applications and RNP used in the European (EUR) Region, the United States and, 
increasingly, elsewhere. The European terminal airspace RNAV application is known as P-
RNAV (Precision RNAV). 

RNAV 5 is currently mandated in the European airspace, mostly above FL 95. It is also applicable in 
numerous non-European airspaces. In the near future, other PBN specifications will be mandated in 
the European Airspace by a PBN Implementing Rule currently under preparation at EC level after 
the EASA has conducted the regulatory process phases. 

1.1.3.2.2 RNP APCH (LNAV)  

LNAV GNSS approaches provide no vertical guidance and are only provided lateral guidance based 
on GNSS. The flight crew are required to monitor the vertical descent based on QNH pressure 
settings. Modern avionics equipped with EGNOS can provide a guidance in the vertical sense to the 
flight crew (LNAV+V) but there are additional requirements that determine based on how the 
procedure is coded and what avionics is on board whether this will be possible.  

1.1.3.2.3 RNP APCH (LNAV/VNAV)  

LNAV/VNAV GNSS approaches are sensitive to QNH setting errors since the final approach segment 
is defined based on barometric data. Now it is possible to perform them leveraging EGNOS vertical 
guidance with is geometric. 

1.1.3.2.4 RNP APCH LPV  

EGNOS enables steep approaches. LPV with different GS (Glide Slope) angles, angles up to 4,5° for 
normal approaches and above in the case of steep approaches can be implemented. Most 
turboprops and many Business Jets are able to operate with GS angles up to 7°. For the obstacle 
clearance purposes and improved accessibility to aerodromes, such LPVs in combination with curved 
approaches (RF leg) could be developed whilst also reducing fuel consumption. 

Within the RNP APCH navigation specification, EGNOS enables LPV (Localizer Performance with 
Vertical guidance). LPV approaches are the most essential function provided by SBAS technology. 
LPV are 3D look alike ILS approaches, and are considered as precision approaches if designed with 
VAL = 35 m. Two types of LPV benefits are realized: 

 on non-precision approach (NPA) runways (mostly small & local airports) the main benefit 
is to allow approaches with minima down to 250 ft and even down to 200 ft for aircraft 
equipped with SVS (Synthetic Vision System). Herein the objective is to allow approaches 
in low ceiling conditions. 

 on precision approach runways (Regional & larges airports), the main benefit is to allow 
CAT I instrument approach with no need for a ILS to that runway-end, that might be 
decommissioned. On such runway LPV200 will be implemented, meaning DH as low as 200 
ft above the runway threshold obstacles permitting and RVR of 1800 ft. Complemented 
with EVS (Enhanced Vision System) it will be possible to operate with RVR of 1000 ft and 
even lower in the future. 
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Furthermore, deployment at non-instrument runways and VFR airports EGNOS improves flight 
safety and enables the provision of LPV to all runway ends without infrastructure requirements. It 
also enhances safety of general aviation users already equipped with IFR and SBAS avionics. 

PBN Implementing Rule, Regulation (EC) No 2018/1048, addresses the safety, interoperability, 
proportionality and coordination issues related to the implementation of Performance-Based 
Navigation (PBN) within European airspace. 

The regulation included the following provisions – which are still yet to be met:  

 By 2020: EGNOS approaches (LPV) are to be available to all instrument runways not 
currently served by ILS;  

 By 2024: EGNOS approaches (LPV and CAT I) are to be available to all instrument runways 

 By 2030: Preference is given to PBN approaches (LNAV/VNAV and LPV) and ILS will be 
rationalised to a minimum network level. 

In practice this implies that PBN (LPV200) will replace ILS CAT I, with ILS being reserved for CAT II/III. 

SARPs for DFMC SBAS were approved by the ICAO Navigation Systems Panel in November 2020. The 
EUROCAE ED-259 - Minimum Operational Performance Standards for Galileo - Global Positioning 
System - Satellite-Based Augmentation System Airborne Equipment, was published in February 
2019. The standard includes a complete definition of the DFMC SBAS message and will be supported 
by future editions of EGNOS.  

This is being addressed within the development of EGNOS V3 and it should be noticed that EGNOS 
V3 includes options for the extension of the service area to Ukraine and Africa. The EUSPA is 
currently defining a programmatic study of EGNOS V3 over sub-Saharan Africa, funded by the EU-
African Partnership programme. 

1.1.3.2.5 RNP AR APCH  

RNP AR “Authorization required” operations are mostly developed when due to obstacles, straight 
forward approaches (LPV) cannot be developed or outside SBAS service areas or in obstacle-rich 
scenarios. EGNOS provides benefits on such approaches such as: providing better navigation 
accuracy, better availability and continuity and the increased capacity of the aerodromes with the 
parallel runways, based on EUR Doc 025 EUR RNP APCH Guidance Material.  

1.1.3.2.6 A-RNP  

The A-RNP specification, described in the ICAO PBN Manual, is intended to cover all phases of flight, 
in such a way that an operator can fly ATS Routes, SID, STAR and approaches with one single 
approval.  

The A-RNP aircraft qualification can be more broadly applicable to multiple navigation specifications 
without the need for re-examination of aircraft eligibility. This enables an operator’s approved 
procedures, training, etc., to be common to multiple navigation applications. The A-RNP aircraft 
qualification will also facilitate multiple operational specification approvals. The navigation 
specifications included under A-RNP are: RNAV 5, RNAV 1, RNAV 2, RNP 2, RNP 1 and RNP APCH. 

During the Notice of Proposed Amendment phase, when seeking to apply A-RNP with specific 
aircraft guidance modes, the objective was to allow ANSP to deploy improved en-route structure 
with more parallel airways requiring less lateral separation thus improving the airspace throughput. 

The A-RNP requirements are also specified in EASA CS-ACNS Issue 4 which requires the aircraft to 
have the ability to execute radius to Fix (RF) legs, to implement parallel offset routes and to operate 
scalable RNP values (from 0.3 to 1.0NM in steps of 0.1 NM).  
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1.1.3.2.7 RNP 0.3  

RNP 0.3 represents the same Advanced RNP philosophy but only for helicopter’s operations. It’s 
intended for all phases of flight: ATS Routes, SID, STAR and transitions to RNP APCH final approach 
or Point in Space (e.g. hospital helipads in urban environments). 

1.1.3.3 GBAS CAT I  

GBAS CAT I based on GPS is available at some airports in several States and based on GPS and 
GLONASS in the Russian Federation. GBAS can support approaches to several runways and airports, 
requiring installation and maintenance of ground stations. In Europe, 4 GBAS CAT I stations are 
operational in Zurich, Frankfurt, Bremen and Málaga. The use of SBAS to enhance GBAS 
performance is now proposed in order to augment the operational capability of existing GBAS 
avionics. This solution provides significant operational improvement for GBAS equipped users, 
leveraging SBAS global observation of ionospheric perturbations albeit is seen as an intermediate 
step to achieving CAT II/III noting also the PBN requirements on the deployment of EGNOS enabled 
procedures to CAT I minima.  

1.1.3.4 GBAS CAT II/III  

GBAS CAT I based on GPS is already in operation in some airports and CAT II/III based on GPS is under 
final stage of development and standardisation. According to SESAR Solution #55 — Precision 
approaches using GBAS CATII/III, their benefits start date is foreseen for 31 December 2025 and full-
benefit date for 31 December 2035.  

It is expected that the GBAS CATII/III L1 system will enable automatic approach and landing down 
to Cat IIIb minima for mainline aircraft, automatic approach and landing down to CAT II or CAT IIIa 
minima for business and regional aircraft, CAT IIIb considerations for business aircraft for possible 
future use. 

1.1.3.5 Precision approaches CAT I with AUTOLAND  

This application is still under development and extends the capability of an LPV approach by adding 
Autoland capabilities. Autoland Category I has been already certified on Airbus aircraft using GBAS 
and some studies are assessing how EGNOS can be used for this application. 

1.1.3.6 Transition from P-RNAV/RNP/RNP AR to LPV  

An approach can be based on RNP APCH or RNP AR. RNP APCH has a performance requirement of 
1NM (in the initial, intermediate and missed approach segments) and RNP AR down to 0.1NM.  

SESAR project 5.6.3 studies the possibility to make a transition between RNP APCH or RNP AR to a 
final approach with an SBAS 3D guidance. Approaches with RF in the final segment or RF capability 
for RNP APCH can be studied. Also, EASA CS-ACNS and to AC 20-138D & AC 90-101A AR and PBN 
Manual do not allow a transition from RNP AR to LPV procedures based on SBAS since the vertical 
guidance in the final approach segment can only be supplied by barometric signal. However, EASA 
CS-ACNS AMC2 ACNS.C.PBN.670 Vertical accuracy notes “Where SBAS/GNSS geometric altitude is 
used, the installation of equipment that supports a 50-m vertical alert limit (VAL) satisfies the 
requirement for operations down to RNP 0.3 and the installation of equipment that supports a 35-
m vertical alert limit (VAL) satisfies the requirement for operations down to RNP 0.1”. 
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1.1.3.7 Transition from continuous descent approach (CDA) to LPV continuous descent 

approach  

Transition from continuous descent approach (CDA) to LPV continuous descent approach allows an 
aircraft to descend from an optimal point with minimum thrust. This technique has relevant 
environmental benefits (noise and emission) and fuel savings. The SESAR project studies how to 
combine CDA with SBAS final approach segments like LPV or APV. 

1.1.3.8 Steep approach (> 4.5°) based on GNSS (EGNOS)  

Steep approaches with a greater angle (>4.5°) can give operational benefits and enhance the access 
to airports sited in mountainous or urban areas. SBAS approaches are very suitable to environments 
with difficult relief, so steep approaches can be an additional benefit to improve accessibility to 
these aerodromes. This can also be considered with the application of increased glide slopes which 
may not require the application of a steep approach for obstacle limitation purposes but provided 
benefits of reduced noise to residents living in close proximity to the final approach path. 

1.1.3.9 PBN Approach procedures in simultaneous operations to instrument parallel 

runways (SOIR)  

A new amendment is in progress to PANS-OPS and PANS-ATM (as well as SOIR Manual – ICAO DOC 
9643-) in order to incorporate PBN approach procedures in SOIR. RNP APCH and/or RNP AR APCH 
navigation specification will be required and it is of paramount importance that, once the aircraft is 
established in the RNP AR APCH, no vertical separation will be required with the aircraft on parallel 
approach (currently it is necessary to keep at least a vertical separation of 1000 ft between aircraft 
before the final approach segment). This will have a positive effect on the capacity of the airports 
with parallel runways and moves the focus beyond only complex obstacle scenarios. This will require 
GNSS performance to meet at a minimum the requirements expressed previously for the total PBN 
robustness and resilience and supported by other aircraft systems.  

1.1.3.10 VFR complement  

This application specifically focuses on the uncertified applications used by VFR pilots. The certified 
PBN applications described previously are also utilised by General Aviation, but being certified are 
subject to additional regulatory and standardisation requirements. Use of GNSS as a VFR 
complement implies not only the use of GNSS to supplement map reading and other visual 
navigation techniques but also improved situational awareness, electronic conspicuity, flight 
tracking amongst others. 

Continuing improvements to the accuracy, affordability and usability of GNSS and its flying-related 
applications has led to an increasing number of VFR pilots using it as a navigation aid. GNSS should 
only be used as a supplementary tool for VFR flights and shall not replace visual navigation 
techniques. However, the use of VFR ‘Moving Map’ devices is now commonplace in General 
Aviation. Supported by GNSS these devices have considerably enhanced the process of flight 
planning and execution for GA pilots. Moving Maps encompass a range of electronic navigation 
solutions, including portable VFR GNSS devices and applications running on smart phones or tablets. 
Viewing the aircraft’s position in real time mitigates a variety of risks compared to the sole use of 
traditional VFR navigation techniques.  
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1.1.4 Operations Management 

1.1.4.1 Aircraft Maintenance and Operation Optimisation  

Identifies areas where aircraft have flown through large areas of particulate matter, and in turn 
require early or more maintenance actions helping airlines and manufacturers save costs. When 
combined with innovative digital and satellite-based solutions, it also supports new tools and traffic 
optimization mechanisms for multimodal access, passenger and freight flows into and out of the 
airport, as well as between airports, facilitating improved airport access and reducing traffic from / 
to the city or other key transport nodes. 

1.1.4.2 Airport Asset Monitoring  

EO is a valuable asset to support Advanced-Surface Movement Guidance and Control System (A-
SMGCS) surveillance and safety support services as well as helping airport managers to maintain 
high quality and complete knowledge of their airport assets. 

EO can provide airports with an accurate, high-resolution, and up-to-date map to improve ground 
situation awareness. This way, operational efficiency can be improved.  

1.1.4.3 Monitoring Terrain Obstacles near an Airport  

EO assists airport operators to monitor and manage potential threats to aviation safety from 
changes to airport surroundings and helping to secure safe flight for departure and approach 
operations. 

1.1.5 Surveillance 

1.1.5.1 eConspicuity (e.g. ADS-B)  

Automatic Dependent Surveillance – Broadcast (ADS-B) is defined by ICAO (Doc 4444) as a means 
by which aircraft, aerodrome vehicles and other objects can automatically transmit and/or receive 
data such as identification, position and additional data, as appropriate, in a broadcast mode via a 
data link.  

ADS-B is a powerful enabler of the surveillance domain. In areas without radar coverage it allows 
significant cost reduction where implementing ground stations receiving ADS-B messages is feasible. 
Over oceanic and remote areas, it is not always the case and satellite telecom to relay ADS-B 
messages is necessary. To this end ITU WRC 2015 allocated a frequency band (1087.7-1 092,3 MHz) 
for the Aeronautical Mobile Satellite Service (AMSS) in order to allow world-wide flight tracking via 
ADS-B messages broadcast by aircraft, thus potentially serving navigation and SAR services. Many 
other air and ground aviation applications based on ADS-B are already developed or under 
development. 
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Figure 4: ADS-B Functional Architecture 

The use of SBAS as a positioning source for ADS-B provides the same level of service as SSR (99.9% 
availability) that can allow in the future the reduction of SSR duplicity with new ADS-B infrastructure: 
Mode S SSR coverage duplicity is to be eliminated from Europe through the replacement of the 
required SSRs with ADS-B ground stations. 

ADS-B is a surveillance technology which relies on aircraft-derived information for the provision of 
surveillance information to other airspace users (i.e. ATS units and/or aircraft’s flight crews). As such, 
it is defined as a cooperative dependent surveillance (in opposition to secondary radar or 
multilateration systems, which are cooperative, but independent, surveillance sensors). 

The ADS-B operation application determines the navigation system that can be used for that specific 
application. In practice GNSS is the only one that can currently match the required performance. 

Some ADS-B In and Out applications are already in service in some airspace (e.g. ADS-B In Trail 
Procedure –ITP- over the North Atlantic Ocean) and new application deployments are under 
consideration in SESAR, knowing that RTCA/EUROCAE standards are already published in EASA CS-
ACNS issue 4, Subpart D, Section 4 1090 MHz Extended Squitter ADS-B. GNSS user requirements for 
these applications are listed in chapter 6.  

1.1.5.2 Search and Rescue (GADSS)  

After the recent aircraft losses in the ocean (flights AF447 and MH370) ICAO recognized in the 
second High Level Safety Conference (HLSC 2015) the need to increase significantly the effectiveness 
of the current alerting and Search and Rescue services. At European level that recommendation was 
included in EASA AIR OPS with requirements for flight tracking. These regulations aimed at 
preventing the following problems: 

 Location of an aircraft in distress, 

 Position tracking systems.  

Acceptable Means of Compliance and Guidance material of EASA parts ORO, CAT, NCC and SPO 
related to flight recorders, underwater locating devices and aircraft tracking systems were amended 
to reflect new developments. The issues of aircraft tracking, location of an aircraft in distress, CVR 
recording protection, data link recording applicability, and performance specifications for the FDR 
and the FDR parameters trying to prevent the problems found in the location of some of the last 
major aircraft distresses were addressed.  
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Already used by numerous air operators for operation and maintenance purposes, there are 
different flight tracking systems able to either periodically or in case of aircraft failure report the 
aircraft position by different telecommunication means (e.g. ACARS, FANS 1/A) with the support of 
a communication service provider. The current estimation is that 80% of the wide-body aircraft are 
equipped with such systems. However, the reporting rate cannot always satisfy requirements for 
Search and Rescue.  

For aircraft in distress, ICAO defines an Emergency Locator Transmitter (ELT) as equipment which 
broadcasts distinctive signals on designated frequencies and, depending on application, may be 
automatically activated by impact or be manually activated. An ELT may take any of the following 
forms: 

 Automatic fixed ELT (ELT(AF)). An automatically activated ELT which is permanently 
attached to an aircraft, 

 Automatic portable ELT (ELT(AP)). An automatically activated ELT which is rigidly attached 
to an aircraft but readily removable from the aircraft, 

 Automatic deployable ELT (ELT(AD)). An ELT which is rigidly attached to an aircraft and 
which is automatically deployed and activated by impact, and, in some cases, also by 
hydrostatic sensors. Manual deployment capability is also provided, 

 Survival ELT (ELT(S)). An ELT which is removable from an aircraft, stowed so as to facilitate 
its ready use in an emergency, and manually activated by survivors, 

 Distress Tracking ELT (ELT-DT). An ELT designed to be activated prior to a crash and to 
function in compliance with the ICAO GADSS requirements for the location of an aeroplane 
in distress. ELT (DT) may be activated automatically upon detection of a distress condition 
while in flight or it may also be activated manually. 

The Global Aeronautical Distress and Safety System is a concept developed by ICAO which enhances 
the effectiveness and alerting of search and rescue services in the event of an aviation tragedy. It 
ensures that the aircraft is tracked and that the lasted known GNSS derived position is always 
recorded, maintaining an up-to-date record of aircraft progress. 

GADSS has three components: Aircraft Tracking; Autonomous Distress Tracking; and Post Flight 
Localization and Recovery. Aircraft Tracking is enabled through the on-board GNSS equipment 
(either the PBN or Electronic Conspicuity device), whilst the other components are provided by 
Emergency Locator Transmitters which are covered in the Emergency Management and 
Humanitarian Aid segment. 

After the Amendment 39 to ICAO Annex 6, flight tracking systems have been generalised from 
November 2018, allowing a position report at least every 15 minutes even in airspaces where an 
ATS Unit only obtains aeroplane position information at greater than 15 minute intervals. 

1.1.5.3 Terrain awareness  

Terrain Avoidance and Warning System (TAWS) can be generically divided in to: 

 Ground Proximity Warning System (GPWS): this system is a safety net based on the radio 
altimeter providing alarms to the crew. It appeared in the 70’s. This kind of system does 
not use GNSS. 

 Terrain Avoidance and Warning System (TAWS) or Enhanced Ground Proximity Warning 
System (EGPWS): this kind of system has been introduced by Honeywell in the late 90’s and 
is based on the aircraft position (mostly GNSS) correlated with an almost worldwide 
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terrain/ obstacles/airport database regularly updated by the system manufacturer. It 
provides sophisticated alerts to the crew depending on functions installed in the 
equipment. Such systems (two classes A and B defined) are mandatory for aircraft of more 
than 5700 kg and with more than 9 seats as well as for helicopters of more than 3175 kg 
and 9 seats for IFR operations. 

1.1.6 Weather services 

1.1.6.1 Hazardous Weather Identification  

EO is used to identify and monitor hazardous weather conditions such as storms, enabling aircraft 
and air traffic management to detect and avoid these weather phenomena earlier. In case of UAM, 
it focuses on identification of wind and micro turbulence in low level altitude in high built areas.  
This leads a reduction in the number of safety incidents and increased flight efficiency. 

Short-term weather forecasts are outside the scope of Copernicus and therefore not covered by this 
application. 

1.1.7 Drones 

1.1.7.1 Navigation / Positioning System  

Integration of surveillance capabilities will be needed for drones as the number of simultaneous 
operations increase and begin mixing with manned aviation. A move to a requirement for electronic 
conspicuity (e.g. ADS-B) as a means of surveillance would enable interoperability with manned 
aviation but will be limited by frequency congestion as traffic numbers of both manned and drone 
traffic increase. Since the GNSS derived position velocity and time (PVT) is intrinsic to this 
information broadcasted as part of any electronic conspicuity solution, its performance becomes 
critical. 

Documents dealing with this system are NPA 2021-14 – U-space, Network identification service, 
ASTM F3411-19 ‘Standard Specification for Remote ID and Tracking’, Draft AMC and GM to 
Regulation (EU) 2021/666 amending Regulation (EU) No 923/2012 as regards requirements for 
manned aviation operating in U-space airspace and AMC1 SERA.6005 Requirements for 
communications, SSR transponder and electronic conspicuity in U-space airspace. 

In addition, surveillance applications (such as ADS-B) will be needed to support the self-deconfliction 
and separation of drones operating in autonomous or automatic modes especially in Beyond Visual 
Line of Sight (BVLOS) situations. However, most of the unmanned operations are expected in Class 
G airspace where most of the general aviation operates and therefore the equipage level of ADS-B 
will be essential for achieving desired interoperability.  

In April 2020, The European Commission published a regulation (EU) 2020/587 that mandates 
aircraft with a maximum take-off mass exceeding 5,700 kg to be compliant with Mode S. The ADS-B 
mandate in the United States is much more intransigent and as of January 2020, aircraft are required 
to have a certified ADS-B system. Unlike the European mandate, in US the use of ADS-B is linked to 
the airspace, not the aircraft (e.g. MTOM).  

Surveillance applications may also exist that are beyond the applications in the air but depend more 
on terrestrial solutions (e.g. LTE, 5G) which in turn have requirements on GNSS timing. These are 
already in development and are foreseen to enable some of the key elements of the Unmanned 
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Traffic Management (UTM) development by NASA or U-space as proposed by the European 
Commission.  

5G and LTE seem to be a better solution for missions at urban canyons and low altitudes, where the 
space signal may be obstructed. On the other hand, the commercial networks cannot provide the 
benefits of closed aviation spectrum and cyber security concerns may arise. Due to a number of 
application and devices, there might be problems with aviation spectrum available to support all 
unmanned operations and most likely aviation spectrum will be used for safety critical unmanned 
operations like personal transportation and the rest of low-risk applications will be based on 
commercial spectrum. 

1.1.7.2 PBN applications  

The advent of new drone applications that enable operations beyond line of sight increases the need 
for a high performance navigation system that supports both mission requirements and the airspace 
in which the drone will operate. The navigation system might take as input the position (PVT) data 
as described in the application previous, but needs to consider the complete system performance 
of the drone. This is akin to the Performance Based Navigation (PBN) requirements of manned 
aviation which take into account the position information accuracy and the accuracy of the aircraft 
guidance system to place the aircraft where planned. The difference between where the drone is 
planned to be and where it is is termed Total System Error (TSE) and consists of the Flight Technical 
Error (FTE) and the Navigation System Error (NSE). The FTE determines how accurately the drone 
can fly the proposed path, and the NSE describes how the difference between where the drone 
thinks it is (laterally and vertically) and where it actually is. 

With the technology uptake and regulatory developments drones are being used more frequently 
than ever. Most operators are especially interested in BVLOS operations which can provide wide 
range of benefits. Urban Air Mobility flights are also expected to grow in numbers and U-space 
service providers (USSPs) will soon face challenges in accommodating unmanned traffic into 
relatively small and limited airspace safely and efficiently. With rising traffic RNP routes will most 
likely emerge in short timescales which express differing levels of navigation performance for drones 
depending on the mission that will have different expectations in terms of NSE. 

Navigation requirements for drones currently presuppose the existence of GNSS and carriage of 
receivers, either as standalone or integrated with IRS/INS systems, is currently available. However, 
not all the applications for which drones may be deployed are yet determined as the platform opens 
up new possibilities for constant exploitation. In line with the principles behind PBN, a minimum 
required navigation performance will be required that takes into account the systems used by the 
drone and the overall positional performance of the drones GNSS sensors. 

Background work undertaken by EUSPA has proposed a minimum NSE that supports the typical 
operations that would be undertaken. This builds on the work that is previously undertaken and 
which was consulted in previous User Consultation Platforms placing requirements dependent on 
the area in which the drone will operate (urban, non-urban). Considering the requirements of the 
missions, and the differences between fixed-wing and rotary-wing operations, the following table 
summarises the NSE requirements based on GNSS. The context in which this is applied is described 
further in the following section. 
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Operation  Hor (m) NSE Ver (m) NSE Integrity TTA Alert limits Continuity Availability 

SAIL 3 3 - 8 4 - 13 1 -1E-4 /h < 6s HAL: 25 -27 (fixed wing) 
         10 - 14 (rotary) 
VAL: 12 - 22 (fixed wing) 
           7 - 23 (rotary) 

1 - 1E-4 /h 0.9999 

SAIL 4 3 - 8 4 - 13 1 -1E-5 /h < 6s HAL: 25 -27 (fixed wing) 
           10 - 14 (rotary) 
VAL: 12 - 22 (fixed wing) 
           7 - 23 (rotary) 

1 - 1E-4 /h 0.9999 

 

1.1.7.3 Mission planning / SORA  

Drone operators under the requirements of (EU) 2019/947, utilising EASA specific category drones 
are required to identify the risks of the operational environment, geographical area and, in 
particular, to the overflown population. The way in which this is required to be executed is through 
a Specific Operations Risk Assessment (SORA)4 as part of the flight planning process with the 
objective of minimising the risks in the air and on the ground. Specifically of interest to this 
application are the risks associated with fatal injuries to third parties on the ground and damage to 
critical infrastructure. Given the elements that need to be measured as part of this risk assessment, 
there is an opportunity for Earth Observation data to add real value to provide a quantitative 
measure of the risk applied in a uniform method. 

Under a typical flight planning scenario, the drone operator will know its departure and destination 
points and will need to consider as part of the process what the performance of the drone will be 
under the environmental conditions in place at the time. These will be influenced by factors such 
as: wind, temperature, elevation of operation, duration of flight required (taking wind and leg length 
into account), where diversions may be possible, any obstacles or significant features (e.g. schools, 
railways, roads, towers, masts etc. ) which need to be avoided. All these factors will need to be 
considered by the operator and are captured through the SORA process. 

The SORA methodology was defined by JARUS as a multistage process which includes risk analysis 
and appropriate mitigations. There are two classes of risk – ground risk class (GRC) and air risk class 
(ARC). Both risk classes are linked to Specific Assurance and Integrity Levels (SAIL) which express the 
level of confidence that a drone operation will stay under control and within the boundaries of the 
intended operation. As a part of ground risk assessment, an Intrinsic Ground Risk Class (iGRC) score 
should be calculated which represents the combination of population density and the size of the 
critical area. Existing approaches to SORA are dependent on the drone operator assessing through 
the use of maps what the risks are, identifying features manually, and making provision for obstacles 
that may be mapped. 

Whilst it is not possible to derive population data via Earth Observation, it is possible to merge EO 
data with other sources. Processed EO data can highlight residential and commercial buildings, open 
spaces, green spaces, bodies of water, residential and industrial zones and transport and critical 

                                                           

4 http://jarus-rpas.org/content/jar-doc-06-sora-package 
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infrastructure as a consolidated dataset. Together EO data and other sources can be over layed and 
used by the operator as part of their SORA methodology. 

Assessing the risk to population within the SORA process requires an understanding of the risk posed 
to third parties distinguishing between sparsely and densely populated areas. This means that EO 
data used in support of the SORA process must be able to correlate the information on building 
types and use additional data sources that support population density as it varies diurnally. The 
existing risk is currently determined by the height of the operation but could be up to 150m creating 
a swathe 75m either side of the flight path. To assess the population risk in this region would require 
a tight population grid at the 10-20m level. 

The Copernicus Land Monitoring Service (CLMS) and Copernicus Emergency Management Service 
specifically offers EO data sets that can provide information about the land use (LU) and land cover 
(LC) of the area planned to be overflown within a drone operation. These can be supplemented with 
population data sources such as the JRC GHS population grid which provides a depiction of 
population per cell in a raster image in five year intervals.  However, to be depended on for flight 
planning purposes and to support a SORA applications the data derived from the EO needs to be 
accurate, have a level of integrity and updated with sufficient frequency that it can be depended on. 

For flight planning the operator also requires terrain and obstacle elevation data (Obstacles include 
but are not limited to tall buildings, powerlines, communication towers, geographic features, trees 
etc.). The application must be able to resolve heights of such features similar to those required 
around an aerodrome (see. ICAO Annex 15 Area 2). However, ICAO Annex 15 paragraph 3.2.2 
requires the resolution of the provided data to be commensurate with the actual data accuracy. So 
accuracy is dependent on the area of operation. Industry guidance within Eurocae ED-98c provides 
a requirement that the horizontal and vertical accuracies should be 5m and 3m respectively. As an 
Area 2 guidance, for drones this can be considered when not within the immediate landing site. For 
the landing site, the requirements for Area 4 are considered more appropriate and place a 
requirement horizontally of 2.5m and vertically of 1m. All these are at 90% confidence levels. 

Considering that the drone needs to be able to navigate sufficiently well to avoid the population, 
buildings and other restricted areas as defined within the SORA, these proposed accuracies compare 
well with the navigation performance derived for drones previously. 

The temporality of the data need to be defined as per the AIRAC cycle defined within ICAO Annex 
15, it is proposed that the data should be refreshed every 28 days to ensure that the data can be 
relied for flight planning purposes when also considering possible links to the use of existing Air 
Traffic Services (ATS) that may be provided in airspace within which the drone will be operating. 

 

ID TBC 

Users 
Air Navigation Service Providers  / U-space Service Providers, Drone operators, 
Regulators 

User Needs 

Operational scenario 

Drone operations of specific category drones are required to undertake a Specific 
Operations Risk Assessment (SORA) which requires the drone operator to assess 
the risks of the operation and understand the areas (land, people and property) 
that will be overflown during the mission. This results in different operators 
undertaking the SORA utilising different approaches. 

Size of area of interest 
It is proposed that the focus of this service should be European to ensure a 
consistency of the information which underpins flight planning decisions by the 
operators from the application of the SORA methodology.  
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Scale - 

Frequency of 
information 

Updated every 28 days 

Other (if applicable) - 

Service Provider Offer 

What the service does 

The service will provide a risk classification of the land, people and buildings that 
will be overflown as part of the drone mission. The use of the EO enabled SORA 
application allows automatic assignment of risk based on a standardised and 
repeatable methodology utilising the only European wide dataset.  

How does the service 
work 

The service will take the EO data and implement a more frequently updated 
dataset categorising changes in buildings, land use to provide a risk classification 
linked to the drone operation. The service will integrate various data sources 
associated with population information and other data as needed to provide a 
centralised “score” which can be provided to the drone operator in advance of 
any flight. 

Service Provider Satellite EO Requirements 

Spatial resolution 

Linked to the drone navigation performance: 5m horizontally and 3m vertically at 
a EU level for all obstacles and terrain. Obstacles including natural features such 
as mountains, cliffs and man-made features such as buildings, 
telecommunication towers, water towers and anything >10m above the terrain 
base. Within urban environments, to enable this requirement is extended to 
allow for operations close to buildings and landing on buildings of 2.5m 
horizontally and 1m vertically. 

Temporal resolution The data should be updated every 28 days 

Data type / Spectral 
range 

TBC 

Other (if applicable)  

Ability to identify geographical features based on use and type such as: 
residential and commercial buildings, open spaces, green spaces, bodies of 
water, residential and industrial zones, transport and other critical infrastructure. 
Population data at grid sizes of 10-20m to support overlay with geographic 
features. 

Service Inputs 

Satellite data sources Sentinel 1, and Sentinel 2 

Other data sources 
Population density maps (cf. those from EEA), building and land use databases, 
mobile phone and network data 

 

1.1.7.4 Geo-awareness System  

The concept of geofencing is a solution originally proposed by the drone industry to ensure 
containment of the drone within a pre-defined area. This is now being applied more widely as a 
means of ensuring that drones:  

 remain within a defined piece of airspace;  

 are unable to operate when within a restricted piece of airspace (e.g. at or near and 
aerodrome).  

The implemented geofence could be a simple cube or a more complex geometric shape which fits 
more with the airspace in which the drone is operating and could extend for tens of kilometres as a 
containment area – for example to support power line inspections. Geofencing is one of the main 
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U-space tools. There is currently no standard on the performance expected from geofencing or 
whether this should vary depending on the airspace or traffic environment in which the drone is 
operating. 

Regulations to be considered are EASA Implementing Regulation (EU) 2019/947, EASA Delegated 
Regulation (EU) 2019/945, U-space regulatory package (Regulations (EU) 2021/664, (EU) 2021/665 
and (EU) 2021/666), NPA Notice of Proposed Amendment 2021-14; Development of acceptable 
means of compliance and guidance material to support the U-space regulation and EUROCAE ED-
269 MOPS for Geofencing. 

Within the regulation proposed by Opinion 01/2018 the concept of ‘geo-fencing’ is being replaced 
by ‘geo-awareness’ to better reflect the nature of the requirement already presented in NPA2017- 
05. This differs in that it places the onus on the drone operator to be aware of airspace limitations 
and the ‘geo-awareness’ supports the drone operator in this role. The main difference between 
geofencing and geo-awareness is that while geofencing actively prevents drone from flying into 
restricted area, geo-awareness feeds information and warns pilot in case of restricted area 
proximity. The need to determine position and velocity as part of a ‘geo-awareness’ function are 
expected to lead to demands for performance that require robust integration of various navigation 
sensors. It is expected that EGNOS and Galileo (with user authentication available) will provide 
added value. 

1.2 Limitations of GNSS and EO 

The GNSS limitations, as outlined in previous RUR, are linked to following key areas: 

 Power consumption – Devices with high power consumption significantly decrease the 
range of drones and therefore put further challenges on operations’ planning. The use of 
GNSS onboard drones should be optimised in terms of required precision and power 
consumption of the GNSS solution. Whilst the level of power consumption from the GNSS 
receiver is nevertheless significantly less than the power required for flight, depending on 
aircraft configuration there can be a link between aircraft control power and that utilised 
by the GNSS element. 

 Availability in challenging environments – Drones flying in shielded areas e.g. urban 
canyons may experience a signal loss due to an obstructed view of satellites when flying at 
very low level. This results from poor geometry, signal blockage and / or multipath. 
Complementing GNSS with mobile networks like 4G or 5G is currently being explored as a 
mitigating solution as they are capable to provide sufficient user capacity and data 
exchange speeds. However, which this can be a factor of the environment, good airmanship 
and proper planning by the drone pilot would be expected to be the principle mitigation 
means as the drone should not be placed in an environment such as this. 

 Susceptibility to multipath - Multipath effect is caused by a fact, that the signal arrives at 
the antenna by multiple paths, not just one direct path. This depends mostly on the 
surrounding environment of the antenna and the satellite geometry. Though there are 
many methods available to mitigate its impact, it still remains a major source of 
navigational errors, especially for satellites at low elevation angle. As previous, placing the 
drone in an environment in which there is likely to be multipath would be considered poor 
airmanship. Proper planning in advance of the flight would be expected to be the principle 
mitigation to avoiding this. 

 Jamming and spoofing of GNSS signals – Jamming and spoofing of GNSS signal is a well-
known issue for manned aviation. It can be caused unintentionally e.g. a lorry driver using 
jamming device to avoid highway tolling or as malicious act directed at aircraft or airport. 
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If an aircraft on PBN approach detects GNSS failure it results in missed approach inferring 
further indirect costs for delay or even diversion. OS-NMA authentication service as 
another layer will help to ensure the signal integrity (in the case of spoofing).  

The EO may present strong benefits to aviation and drones across multiple areas. However, with the 
current performance it only provides limited benefits. The shortcomings are mainly linked to: 

 Spatial resolution – While EO system provides sufficient resolution for larger regions, more 
precision is required to support short drone flights (under 10km). Atmospheric and climate 
data currently provide a resolution of 1 degree (equal to 10km per data point) which is not 
sufficient to support drone flights taking into account most of the operators are not able 
to perform BVLOS flights longer than 10km.  

 Temporal resolution (revisiting cycles) – While atmospheric data are captured with 
sufficient temporal resolution, land monitoring data are update every six years. Use cases 
using land use or even digital height of buildings for their mission planning or risk 
assessment might need much more frequent revisiting cycles.   

 Time to data upload – Using climate data for post-mission assessments may require 
quicker data processing. In some cases, the process may take up to three months. 

1.3 Prospective use of GNSS and EO 

1.3.1 GNSS capabilities as a proportion of total civil aviation fleet 

 

Due to the COVID-19 pandemic, air traffic dropped by more than 65% compared to 2019 and 
worldwide the aircraft fleet is expected to have shrunk by 15% in 2021 compared to 2020. Based on 
recent numbers published by EUROCONTROL, number of flights in Europe in July 2022 remains 13% 
down comparing to July 2019, with only business aviation reporting higher traffic than in July 2019. 
Some aircraft have been switched to transporting cargo in a desperate attempt to avoid bankruptcy 
by their operators. This impact is expected to last for some years with the net effect that there may 
be fewer shipments but an increase in GNSS capabilities within the fleet as older, non-upgraded 
aircraft will be retired to save costs. Due to the pandemic, major key players in the GNSS Chips & 
Modules market are witnessing fluctuation in demand, which is altering market trends, potential 
opportunities and consumer preferences. The figure above illustrates how this change is expected 
to impact fleet capabilities, especially in relation to Localiser Performance with Vertical Guidance 
(LPV) and SBAS which see a significant increase over the period in response to COVID-19.  

GNSS is essential in aviation, and the technical developments are targeted to support specific 
problems. However, as the ubiquity of GNSS in aviation across Communication, Navigation and 
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Surveillance (CNS) increases, so too does the requirement to improve across all areas. This section 
presents some of the more recent developments and focus areas from a CNS perspective. 

1.3.2 GNSS capabilities as a proportion of the drone fleet 

The use of GNSS receivers is core to the functionality of the drone. Without a GNSS receiver, the 
majority of drones would not be able to operate as only high end drones make use of the navigation 
aids also used by manned aviation. Given this functional requirement all drones have as a minimum 
GPS reception. 

The use of mass market chipsets within drone navigation units does however afford a faster 
adoption of new capabilities than within manned aviation. For example, the use of Galileo signals 
by the drone community is accelerating and the use of the Galileo High Accuracy Service and Open 
Service Network Message Authentication are expected to accelerate demand for these more 
advanced chipsets. 

1.3.3 Dual Frequency Multi-Constellation progress in navigation 

The GBAS Approach Service Type D (GAST D), which allows Cat-III precision approaches to less than 
100ft decision height, is fully standardised and validated for GPS L1 signals. Furthermore, a 
dedicated ICAO ad-hoc group is defining the future DFMC GBAS concept, which takes benefit from 
dual-frequency signals and multiple constellations such as GPS and Galileo, in order to enhance the 
robustness of GBAS approach service and even explore new GBAS services. The ICAO DFMC GBAS 
Concept Paper is expected by the end of 2022. 

As of today, it is expected that the GNSS Manual (ICAO Doc 9849) will update to accommodate GAST-
F in 2024 and that ICAO Standards And Recommended Practices for GBAS GAST F would be written 
around 2030. 

GBAS GAST F or GBAS DFMC is seen as the future of GBAS and will enable greater robustness against 
ionosphere disturbances as well as against Radio Frequency Interference (RFI), as it will work with 
two frequencies and offer reversion modes. This version of GBAS is also the one that has been 
indicated by the European Commission as supporting the CAT III deployment incorporating also the 
use of Galileo through the DFMC capabilities. 

The ICAO Navigation System Panel (NSP) approved new Standards and Recommended Practices for 
the use of EGNOS and Galileo in November 2020. This is an important milestone in SBAS DFMC 
Standardisation for EGNOS and Galileo but also for European aviation. Indeed, DFMC SBAS opens 
up new possibilities for air transportation but also more resilience for users against RFI.  

In the U-space and UAM area EUSPA has supported numerous trials of drones equipped with EGNOS 
as well as Galileo through its EGNSS4RPAS, GAUSS, REALITY and other projects. Manned aircraft are 
expected to be outnumbered by all kinds of drones, employed for everything from weather and 
environmental monitoring to personalised delivery services. The traditional person-based air traffic 
control model will need to evolve to accommodate such a shift, based on automated monitoring, 
traffic management and collision avoidance. In Europe, this highly automated version of air traffic 
control is termed U-space.  

GNSS performance requirements supporting drone operations are being developed globally. 
Eurocae WG-105 within Europe is developing Minimum Operational Performance Specifications 
(MOPS) for Detect and Avoid (DAA) in Very Low Level (VLL) airspace.  
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SBAS’s safety-of-life service is essential to making this happen, moving from today’s situation — 
where drones are limited to specific air corridors and line-of-sight operations — to let them roam 
freely but safely in busy airspace and built-up areas. 

1.3.4 Electronic Conspicuity has an important role in surveillance 

Electronic Conspicuity is an umbrella term for technologies that provide self-reporting of position 
from an aircraft to other aviation actors. Electronic Conspicuity can be considered in two groups: 
Certified (used in controlled airspace by users such as commercial aviation and certified category 
drones) and Uncertified (used outside controlled airspace typically by General Aviation). It is also an 
essential enabler for U-space as the means to provide the ability to ‘detect’ other aircraft. No 
solution has yet been agreed to enable interoperability between U-space and manned aviation, but 
GNSS positioning reporting is enabled through the established ADS-B and a mix of proprietary 
solutions gaining traction with some users. There are several solutions including Automatic 
Dependent Surveillance Broadcast (ADS-B) (1090MHz and UAT), Flight Alarm (FLARM), LTE/5G, 
802.11 and the new ADS Light operating on the SRD860 frequency band raising questions on 
interoperability.  

ADS-B implementation, both airborne equipage and ground infrastructure, continues toward full 
integration in the ATM environment. Since December 2020, new aircraft are required to be ADS-B 
equipped with a transition period till June 2023 for retro-fit. At European level, users would like to 
improve cost-efficiency through rationalisation of the surveillance infrastructure, including the 
decommissioning of CNS facilities and to improve the aviation spectrum efficiency. GNSS will 
become more critical as this step progresses. 

Final version of the EASA technical specification for transmissions using SRD860 frequency band is 
expected to be ready in 2022. Possibility of usage of the mobile telephony depends on coordination 
amongst European telecommunication regulators. Results of the EASA feasibility study show, that it 
would be possible to complete these activities in 2022.  

1.3.5 Increased focus on monitoring aviation emissions 

There is an increasing push for aviation to become more environmentally friendly. Whilst particular 
complaints in the vicinity of aerodromes might focus on noise, it is the emissions and the level of 
fuel burn that are predominantly being addressed, particularly at European level (based on [RD27]) 
where commercial airlines are subject to the emissions charging scheme. Airport expansion plans in 
recent years have also been subject to restrictions on movement or night curfews as pressure builds 
on limiting the impacts of aviation.  

Drones are one area where there is significant development and interest due to the electrification 
of flight and the consequent ‘zero’ emissions in comparison to traditional aviation. EO can provide 
a monitoring source for the effects of aircraft emissions at different flight levels, or in areas in which 
air pollution is at or approaching legal limits.  

Indeed, Copernicus Atmosphere Monitoring Service (CAMS) provides continuous data and 
information on atmospheric composition. Notably, CAMS could be used to help the Volcanic Ash 
Advisory Centres (VAAC) forecast volcanic ash clouds dispersion trajectories. This would enhance 
flight safety in case an aircraft flies in the vicinity of volcanic ash. In addition, the CAMS products 
include analyses/re-analyses of greenhouse gases (carbon dioxide, methane, and nitrous oxide), 
having the ability to monitor these compositions in a number of layers at different altitudes. 
Therefore, the European Commission has already completed some studies [RD24], [RD25] into the 
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feasibility of the CAMS system being used to monitor air pollution at different altitudes. This would 
be of great interest to better understand the impact of aviation on the environment.  

The Copernicus Land Monitoring Service might also enable the monitoring of precise localisation 
and the size of terrain and obstacles that surround an airport. This is of particular relevance to 
procedure designers when designing and publishing specific procedures for the airport, and to the 
general integrity and safety of the airport. Both these factors are essential enablers for PBN and the 
exploitation of GNSS for navigation purposes.  

Given the long lifecycle of airport development projects in general, the use of EO data would allow 
easy access to reliable, up-to-date information throughout a project lifecycle thanks to high-
frequency revisits. 
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1.3.6 Sustainable and smart mobility - Green airports 

Mobility within Aviation targets the application of innovative digital and satellite-based solutions, 
including new tools and traffic optimisation mechanisms for multimodal access, passenger and 
freight flows into, out of and between airports, facilitating airport access and reducing traffic to/ 
from cities or other nodes.  

As transport systems become more integrated, aviation is expected to increasingly interface with 
other public transport links. Links with GNSS and EO are expected to become more critical. This is 
not just through the ambitions of the Green Deal, but also linked to the exploitation of increased 
automation and PBN procedures to improve the efficiency of aircraft operations arriving and 
departing at each aerodrome. Optimising flows with the better sharing of information between 
airports and airspace users is a focus of R&D within SESAR. 

1.3.7 The importance of timing on optimising operations  

The exploitation of GNSS timing as a reference source for timing and synchronisation processes is 
fundamental for critical infrastructure like telecommunication networks, energy distribution grids, 
financial markets and commercial aviation systems and networks. In the case of aviation, optimising 
the traffic flows also comes down to timing, as does synchronisation of information about flights. 
This information can be shared between users to cut down on flight times and reduce delays, 
diminishing the environmental impact. GNSS time is used for: 

• positioning and timing for on-board navigation purposes; 

• timing and synchronisation for datalink communications (on-board to ground and vice-

versa); and 

• timing and synchronisation for ground systems used for Air Traffic Control (ATC), 

communication networks, airspace surveillance, and airport logistics coordination. 

1.3.8 Updated Aviation and Drones applications  

Previous market reports provided data broken down by airspace user group. In this edition, data is 
presented by GNSS application. These applications are used by different airspace user groups in both 
manned aviation and drones. Definitions of each application are provided in Annex 3. Not all 
applications appear in the charts:  

• ATM systems timing and Infrastructure timing are not yet quantified. 

• GADSS Aircraft Tracking uses either the Performance Based Navigation system and on-

board satellite communications, or can be collected by satellites that detect the aircraft 

with MTOM of more than 27 tonnes according to [RD23].  

• Earth Observation applications are not yet quantified. 
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Annex 1 Definition of key GNSS performance parameters 

This annex provides a definition of the most commonly used GNSS performance parameters, taken 
from [RD1] and includes additional details which are relevant for aviation and drones community. 

Availability: the percentage of time the position, navigation or timing solution can be computed by 
the user. Values vary greatly according to the specific application and services used, but typically 
range from 95-99.9%. There are two classes of availability: 

• System availability: the percentage of time the system allows the user to compute a 

position - this is what GNSS Interface Control Documents (ICDs) refer to. 

• Overall availability: takes into account the receiver performance and the user’s 

environment. Values vary greatly according to the specific use cases and services used. 

Accuracy is the difference between true and computed solution (position or time). This is expressed 
as the value within which a specified proportion – usually 95% – of samples would fall if measured. 
This report refers to positioning accuracy using the following convention: centimetre-level: 0-10cm; 
decimetre level: 10-100cm; metre-level: 1-10 metres. 

Continuity is the ability of a system to perform its function (deliver PNT services with the required 
performance levels) without interruption once the operation has started. It is usually expressed as 
the risk of discontinuity and depends entirely on the timeframe of the application. A typical value is 
around 1*10-4 over the course of the procedure where the system is in use. 

Integrity is a term used to express the ability of the system to provide warnings to users when it 
should not be used. It is the probability of a user being exposed to an error larger than the alert 
limits without timely warning. The way integrity is ensured and assessed, and the means of 
delivering integrity-related information to users are highly application dependent. Throughout this 
report, the “integrity concept” is to be understood at large, i.e. not restricted to safety-critical or 
civil aviation definitions but also encompassing concepts of quality assurance/quality control as used 
in other applications and sectors. 

Latency is the difference between the reference time of the solution and the time this solution is 
made available to the end user or application (i.e. including all delays). Latency is typically accounted 
for in a receiver, but presents a potential problem for integration (fusion) of multiple positioning 
solutions, or for high dynamics mobile devices. 

Robustness relates to spoofing and jamming and how the system can cope with these issues. It is a 
more qualitative than quantitative parameter and depends on the type of attack or interference the 
receiver is capable of mitigating. Robustness can be improved by authentication information and 
services. 

Authentication gives a level of assurance that the data provided by a positioning system has been 
derived from real signals. Radio frequency spoofing may affect the positioning system, resulting in 
false data as output of the system itself. 

Power consumption is the amount of power a device uses to provide a position. It will vary 
depending on the available signals and data. For example, GNSS chips will use more power when 
scanning to identify signals (cold start) than when computing a position. Typical values are in the 
order of tens of milliwatts (for smartphone chipsets). 
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Time To First Fix (TTFF) is a measure of time between activation of a receiver and the availability of 
a solution, including any power on self-test, acquisition of satellite signals and navigation data and 
computation of the solution. It mainly depends on data that the receiver has access to before 
activation: cold start (the receiver has no knowledge of the current situation and must thus 
systematically search for and identify signals before processing them – a process that can take up to 
several minutes.); warm start (the receiver has estimates of the current situation – typically taking 
tens of seconds) or hot start (the receiver understands the current situation – typically taking a few 
seconds).
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Annex 2 Definition of key EO performance parameters 

This annex provides a definition of the most commonly used EO performance parameters and 
includes additional details which are relevant for aviation and drones community. 

Spatial resolution relates to the level of detail that can be retrieved from a scene. In the case of a 
satellite image, which consists of an array of pixels, it corresponds to the smallest feature that can 
be detected on the image. A common way of characterising the spatial resolution is to use the 
Ground Sample Distance (GSD) which corresponds to the distance measured on the ground between 
the centres of two adjacent pixels. Thus, a spatial resolution of 1 meter means that each pixel 
represents a 1 by 1 meter area on the ground. 

Geolocation accuracy refers to the ability of an EO remote sensing platform to assign an accurate 
geographic position on the ground to the features captured in a scene. An accurate geolocation 
makes easier the combination of several images (e.g. combination of a Synthetic Aperture Radar 
image with a cadastral map and a vegetation map). 

Temporal resolution relates to the time elapsed between two consecutive observations of the same 
area on the ground. The higher the temporal resolution, the shorter the time between the 
acquisitions of two consecutive observations of the same area. In absolute terms, the temporal 
resolution of a remote sensing system corresponds to the time elapsed between two consecutive 
passes of the satellite over the exact same point on the ground (generally referred to as “revisit 
time” or “orbit cycle”). However, several parameters like the overlap between the swaths of 
adjacent passes, the agility of the satellites and in case of a constellation, the number of satellites 
mean that some areas of the Earth can be reimaged more frequently. For a given system, the 
temporal resolution can therefore be better than the revisit time of the satellite(s). 

Latency is the difference between the reference time of the satellite measurement and the time the 
final product is made available to the user (here the service provider).
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Annex 3  List of Acronyms 

Acronym Definition 

A4E Airlines for Europe  

ACAC Arab Civil Aviation Commission 

ACARS Aircraft Communication, Addressing and Reporting System 

ADS-B Automatic Dependent Surveillance – Broadcast  

AEA Association of European Airlines 

AFCAC African Civil Aviation Commission 

AIR OPS A short cut designation of (EU) No 965/2012 

AMC Acceptable Means of Compliance 

AMSS Aeronautical Mobile Satellite Service  

ANSP Air Navigation Service Provider 

APV Approach Procedure with Vertical guidance 

A-RAIM Advanced - Receiver Autonomous Integrity Monitoring 

ARC Air Risk Class 

ARINC  Aeronautical Radio, Incorporated 

A-RNP Advanced-RNP 

ARNS Aviation Radio Navigation Service 

ARP Aerospace Recommended Practice 

ASA Aircraft Surveillance Applications  

ASECNA Agency for Aerial Navigation Safety in Africa and Madagascar 

A-SMGCS Advanced-Surface Movement Guidance and Control System  

ATC Air Traffic Control 

ATM Air Traffic Management 

ATS Air Traffic System 

ATSA  Air Traffic Situational Awareness 

AWO All Weather Operations 

BVLOS Beyond Visual Line of Sight  

CAGR Compound Annual Growth Rate 

CAMS Copernicus Atmosphere Monitoring Service 

CANSO Civil Air Navigation Services Organisation  

CAT Commercial Air Transport 

Cat Category 

CLMS Copernicus Land Monitoring Service  

CNS Communication, Navigation and Surveillance  

COPUOS Committee on the Peaceful Uses of Outer Space 

COSPAS-

SARSAT 
Russian acronym - Search and Rescue Satellite-Aided Tracking 
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Acronym Definition 

CSD TBC 

CS-ETSO Certification Specifications - European Technical Standard Orders  

CTR Control Zone 

CVR Cockpit Voice Recorder 

DFMC Dual Frequency Multi-Constellation 

DME Distance Measuring Equipment  

EARSC European Association of Remote Sensing Companies  

EAS Europe Air Sports 

EASA European Union Aviation Safety Agency  

EBAA European Business Aviation Association 

EC European Commission 

ECAC European Civil Aviation Conference  

EFTA European Free Trade Association 

EGNOS European Geostationary Navigation Overlay Service 

EGNSS European Global Navigation Satellite System 

EGPWS Enhanced Ground Proximity Warning System 

EHA European Helicopter Association 

ELT Emergency Locator Transmitter  

EO Earth Observation 

ERAA European Regions Airline Association  

EUROCAE European Organisation for Civil Aviation Equipment  

EUSPA European Union Agency for the Space Programme 

EVS Enhanced Vision System 

FDMA Frequency Division Multiple Access 

FDR Flight Data Recorder 

FTE Flight Technical Error 

GA General Aviation 

GADSS Global Aeronautical Distress and Safety System  

GAGAN GPS Aided GEO Augmented Navigation 

GBAS Ground Based Augmentation System 

GEO Group on Earth Observations  

GLONASS Global Orbiting Navigational Satellite System 

GM Guidance Material 

GNSS Global Navigation Satellite System  

GOVSATCOM European Union Governmental Satellite Communications 

GPS Global Positioning System 

GPWS Ground Proximity Warning System  



 

Page 36 

Acronym Definition 

GRC ground risk class  

GS Glide Slope 

H-ARAIM Horizontal ARAIM 

HAS High Accuracy Service 

HEMS Helicopter Emergency Medical Services 

HLSC  High-Level Safety Conference 

IADC TBC 

IAOPA International Aircraft Owners and Pilots Association 

IATA International Air Transport Association  

ICAO International Civil Aviation Organisation  

IEEE  Institute of Electrical and Electronics Engineers 

IFR  Instrument Flying Rules 

ILS Instrument Landing System 

ISO International Standards Organization 

ITU International Telecommunication Union 

JARUS Joint Authorities for Rulemaking on Unmanned Systems 

LAAS Local Area Augmentation System 

LACAC Latin American Civil Aviation Commission 

LDACS L-band Digital Aeronautical Communications System  

LNAV/VNAV Lateral/Vertical Navigation 

LPV Localiser Performance with Vertical Guidance  

LVC Low Visibility Conditions 

MASPS Minimum Aircraft System Performance Specifications 

MLS Microwave Landing System 

MMR Multi-Mode Airborne Receiver  

MON Minimum Operating Network  

MOPS Minimum Operational Performance Standards  

MOPS Minimum Operational Performance Specifications  

MSAS MTSAT Satellite Augmentation System 

MTOM Maximum Take-off Mass 

NCC Non-commercial operations with complex motor-powered aircraft 

NM Nautical Mile 

NPA Non-Precision Approach 

NRA Non-Radar Airspace 

NSP Navigation System Panel  

ORO Organisational Requirements for Air Operations 

OS NMA Open Service Navigation Message Authentication 
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Acronym Definition 

PBN Performance-Based Navigation 

PBN Performance Based Navigation  

PDE Path Definition Error 

PM Particular Matter 

PNT Position, Navigation and Time 

PVT Position, Velocity and Time 

QNH Question Nil Height, atmospheric pressure at nautical height 

RLS Return Link Service  

RNAV Area Navigation 

RNP Required Navigation Performance 

RTCA Radio Technical Commission for Aeronautics 

RUR Report on User needs and Requirements 

SAE Society of Automotive Engineers 

SAIL Specific Assurance and Integrity Level 

SAR Search And Rescue 

SARPs Standards and Recommended Practices  

SBAS Satellite-Based Augmentation System 

SESAR Single European Sky ATM Research 

SID Standard Instrument Departure Route 

SORA Specific Operations Risk Assessment  

SPO Specialised Operations 

SSR Secondary Surveillance Radar 

SUGUS Solution for EGNSS U-space Service  

SVS Synthetic Vision Systems 

TAWS Terrain Awareness Warning Systems  

TAWS Terrain Avoidance and Warning System  

TSE Total System Error  

UAM Urban Air Mobility  

UCP User Consultation Platform 

USSP U-space service provider 

UTM Unmanned Traffic Management  

VAAC Volcanic Ash Advisory Centres  

VFR Visual Flying Rules 

WAAS Wide Area Augmentation System 
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Annex 4 Relevant documents related to GNSS 

Documents 

ICAO SARPs 

Annex 4 Aeronautical Charts 

Annex 6 Operation of Aircraft 

Annex 8 Airworthiness of Aircraft 12th Edition, July 2018, Includes all amendments and 
changes through Amendment 107, September 30, 2020 

Annex 10 Aeronautical Telecommunications - Volume I - Radio Navigational Aids 

7th Edition, July 2018, Includes 

Corrigenda nos. 1 and 2, and Amendment no. 92 

Annex 14 Aerodromes 

Annex 15 Aeronautical Information Services 

Other ICAO 
publications 

ICAO Doc 10054 ICAO Manual Location of Aircraft in Distress and Flight Recorder Data 
Recovery 2019 

Global Navigation Satellite System (GNSS) Manual, ICAO Doc 9849 Second Edition – 
June 2013, Note: there is an Advance Third Edition – 2017 (unedited) 

Aircraft Operations – Volume 1 Flight Procedures ICAO Doc 8168 6th Edition, 2018 

Aircraft Operations – Volume 2 Construction of Visual and Instrument Flight Procedures 
ICAO Doc 8168 7th Edition, 2020 

Procedures for Air Navigation services – ATM ICAO Doc 4444 16th Edition, 2016 

Performance-based Navigation (PBN) Manual, ICAO Doc 9613, Fourth Edition –2013 

EU Regulations 
and EASA 
Competencies 

Commission Implementing Regulation (EU) 2021/664 On a regulatory framework for 
the U-space 22 April 2021 

Commission Implementing Regulation (EU) 2021/665 Amending Implementing 
Regulation (EU) 2017/373 as regards requirements for providers of air traffic 
management/air navigation services and other air traffic management network 
functions in the U-space airspace designated in controlled airspace 22 April 2021 

Commission Implementing Regulation (EU) 2021/666 Amending Regulation (EU) No 
923/2012 as regards requirements for manned aviation operating in U-space airspace 
22 April 2021 

Regulation (EU) 2021/116 on the establishment of the Common Project One 
supporting the implementation of the European Air Traffic Management Master Plan 
provided for in Regulation (EC) No 550/2004 of the European Parliament and of the 
Council, amending Commission Implementing Regulation (EU) No 409/2013 and 
repealing Commission Implementing Regulation (EU) No 716/2014 01 February 2021 

Commission Implementing Regulation (EU) 2020/746 Amending Implementing 
Regulation (EU) 2019/947 as regards postponing dates of application of certain 
measures in the context of the COVID-19 pandemic 4 June 2020 

Commission Implementing Regulation (EU) 2020/639 Amending Implementing 
Regulation (EU) 2019/947 as regards standard scenarios for operations executed in or 
beyond the visual line of sight 12 May 2020 
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Documents 

Regulation (EU) No 2019/945 On unmanned aircraft systems and on third-country 
operators of unmanned aircraft systems 12 March 2019 

Regulation (EU) No 2019/947 On the rules and procedures for the operation of 
unmanned aircraft 24 May 2019 

Regulation (EU) 2018/1048 laying down airspace usage requirements and operating 
procedures concerning performance-based navigation 18 July 2018 

Regulation (EU) No 139/2014 Aerodromes 12 Feb 2014 

Regulation (EU) No 6/2013 Amending Regulation (EC) No 216/2008 of the European 
Parliament and of the Council on common rules in the field of civil aviation and 
establishing a European Aviation Safety Agency, and repealing Council Directive 
91/670/EEC, Regulation (EC) No 1592/2002 and Directive 2004/36/EC 8 January 2013 

Regulation (EU) No 965/2012 Laying down technical requirements and administrative 
procedures related to air operations pursuant to Regulation (EC) No 216/2008 of the 
European Parliament and of the Council 5 October 2012 

Regulation (EU) No 748/2012 Laying down implementing rules for the airworthiness 
and environmental certification of aircraft and related products, parts and appliances, 
as well as for the certification of design and production organisations 3 August 2012 

Regulation (EC) No 1108/2009 Amending Regulation (EC) No 216/2008 in the field of 
aerodromes, air traffic management and air navigation services and repealing 
Directive 2006/23/EC 21 October 2009 

Regulation (EC) No 690/2009 Amending Regulation (EC) No 216/2008 of the European 
Parliament and the Council on common rules in the field of civil aviation and 
establishing a European Aviation Safety Agency, and repealing Council Directive 
91/670/EEC, Regulation (EC) No 1592/2002 and Directive 2004/36/EC 30 July 2009 

Regulation (EC) No 216/2008 On common rules in the field of civil aviation and 
establishing a European Aviation Safety Agency, and repealing Council Directive 
91/670/EEC, Regulation (EC) No 1592/2002 and Directive 2004/36/EC 20 February 
2008 

SES Regulations 
and 
Implementing 
Rules 

Commission Implementing Regulation (EU) No 716/2014 On the establishment of the 
Pilot Common Project supporting the implementation of the European Air Traffic 
Management Master Plan 27 June 2014 

Regulation (EU) No 691/2010 Laying down a performance scheme for air navigation 
services and network functions and amending Regulation (EC) No 2096/2005 laying 
down common requirements for the provision of air navigation services 29 July 2010 

Regulation (EC) No 552/2004 On the interoperability of the European Air Traffic 
Management network 10 March 2004 

Regulation (EC) No 551/2004 On the organisation and use of the airspace in the Single 
European Sky 10 March 2004 

Regulation (EC) No 550/2004 On the provision of air navigation services in the Single 
European Sky 10 March 2004 

Regulation (EC) No 549/2004 Laying down the framework for the creation of the Single 
European Sky 10 March 2004 

Certification 
Specification or 

Annex to ED Decision 2015/018/R CS-23 / Amendment 4 15 July 2015 

 

Annex to ED Decision 2015/019/R CS-25 / Amendment 17 15 July 2015 
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Documents 

Airworthiness 
Codes 

Annex I to ED Decision 2013/031/R CS-ACNS / Initial Issue 17 December 2013 

Annex to ED Decision 2013/015/R CS-LSA / Amendment 1 29 July 2013 

Annex to ED Decision 2012/021/R CS-29 / Amendment 3 11 December 2012 

Annex to ED Decision 2009/009/R CS-22 / Amendment 2 5 March 2009 

Annex to ED Decision 2003/10/RM CS-ETSO / Initial Issue 24 October 2003 

Annex to ED Decision 203/006/R CS-AWO / Initial Issue 17 October 2003 

Acceptable 
Means of 
Compliance 

ED Decision 2003/012/RM AMC20 (13 separated amendments since initial issue in 
2003) General Acceptable Means of Compliance for Airworthiness of Products, Parts 
and Appliances 5 November 2003 

CS-ETSO 

Easy Access Rules for European Technical Standard Orders (CS-ETSO) (Amendment 14) 

CS-ETSO November 2018 

ETSO C115c Airborne area navigation equipment flight management system (FMS) 
using multi-sensor inputs 12 July 2013 

ETSO C161a Ground-Based Augmentation System Very High Frequency Data Broadcast 
Equipment 5 July 2012 

ETSO-C196a Airborne Supplemental Navigation Sensors for Global Positioning System 
Equipment Using Aircraft-Based Augmentation 5 May 2012 

ETSO C144a Passive airborne GNSS antenna 21 December 2010 

ETSO C145c Airborne Navigation Sensors Using the Global Positioning System 
Augmented by the Satellite-Based Augmentation System 21 December 2010 

ETSO C146c Stand-Alone Airborne navigation Equipment Using the Global Positioning 
System Augmented by the Satellite-Based Augmentation System 21 December 2010 

ETSO-C190 Active Airborne Global Navigation Satellite System (GNSS) Antenna 21 
December 2010 

EASA Technical 
Regulations for 
Operational 
Approval 

Annex to Decision 2016/020/R AMC and GM to Part-SPA – Amendment 3 29 July 2016 

Aeronautical 
Standards for 
GNSS 
Equipment 

RTCA DO-384 Minimum Operational Performance Standards (MOPS) for GNSS Aided 
Inertial Systems December 2020 

RTCA/DO-317 Minimum Operational Performance Standards (MOPS) for Aircraft 
Surveillance Applications (ASA) System 01 June 2020 

RTCA DO-373 MOPS for GNSS Airborne Active Antenna Equipment for the L1/E1 and 
L5/E5a Frequency Bands June 2018 

RTCA DO-368 Minimum Operational Performance Standards for GPS/GLONASS (FDMA 
+ antenna) L1-only Airborne Equipment July 2017 

RTCA DO-229F Minimum Operational Performance Standards (MOPS) for Global 
Positioning System/Satellite-Based Augmentation System Airborne Equipment 11 June 
2020 

EUROCAE WG-98 MASPS ED-237 Criteria to Detect In-flight Aircraft Distress Events to 
Trigger Transmission of Flight Information 2016 

EUROCAE ED-75E Minimum Aviation System Performance Standards: Required 
Navigation Performance for Area Navigation, June 2022 
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Documents 

RTCA DO-236 Minimum Aviation System Performance Standards: Required Navigation 
Performance for Area Navigation Change 1 23 September 2014 

RTCA/DO-260B Minimum Operational Performance Standards for 1090 MHz Extended 
Squitter Automatic Dependent Surveillance – Broadcast (ADS-B) and Traffic 
Information Services – Broadcast, with Supplement 1, December 17, 2020, 13 
December 2011 

RTCA-DO 316 Minimum Operational Performance Standards for Global Positioning 
System / aircraft-Based augmentation System Airborne Equipment April 2009 

RTCA-DO-235 Assessment of Radio Frequency Interference Relevant to the GNSS L1 
Frequency Band March 2008 

RTCA DO-301 Minimum Operational Performance Standards for Global Navigation 
Satellite System (GNSS) Airborne Active Antenna Equipment for the L1 Frequency Band 
December 2006 

RTCA-DO-292 Assessment of Radio Frequency Interference Relevant to the GNSS 
L5/E5A Frequency Band July 2004 

EUROCAE ED-88 MOPS for Multi-Mode Airborne Receiver (MMR) including ILS, MLS 
and GPS used for Supplemental Means of Navigation August 1997 

RTCA DO-228 Minimum Operational Performance Standards for Global Navigation 
Satellite Systems (GNSS) Airborne Antenna Equipment October 1995 

RTCA DO-208 Minimum Operational Performance Standards for Airborne 
Supplemental Navigation Equipment Using Global Positioning System (GPS) 21 
September 1993 

GLONASS 
Receiver 
Specifications 

KT-229 MOPS-229 Airborne equipment of satellite navigation (AESN) – 4th Edition 
March 2011 

KT-229 MOPS-229 GNSS/SBAS Airborne Navigation Equipment March 2011 

GBAS Standards 

EUROCAE ED-114A MOPS for a Ground-Based Augmentation System (GBAS) ground 
facility to support CAT I approach and landing March 2013 

RTCA DO-253C Minimum Operational Performance Standards for GPS Local Area 
Augmentation System Airborne Equipment December 2008 

RTCA DO-246D GNSS-Based Precision Approach Local Area Augmentation System 
(LAAS) – Signal-in-Space Interface Control Document (ICD) December 2008 

RTCA DO-245A Minimum Aviation System Performance Standards for Local Area 
Augmentation System (LAAS) September 2004 

Other Standards 
Applicable to 
GNSS 
Equipment 

COSPAS-SARSAT C/S T.001 Issue 4 and T.007 Issue 5 Specification for COSPAS-SARSAT 
406 MHz distress beacons and type approval June 2018 

COSPAS-SARSAT C/S T.018 Issue 1, Revision 3 Specification for Second-Generation 
Cospas-Sarsat 406-MHz June 2018 

EUROCAE ED-14G with Change1 Environmental Conditions and Test Procedures for  
Airborne Equipment January 2015 

EUROCAE ED-12C Software considerations in Airborne Systems and Equipment  
certification December 2012 

Software Considerations in Airborne Systems and Equipment Certification 
Corrigendum 1 15 February 2021 
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Documents 

EUROCAE ED-109A Software Integrity Assurance Considerations for Communication, 
Navigation, Surveillance and Air Traffic Management (CNS/ATM) Systems January 2012 

Software Integrity Assurance Considerations for CNS/ATM Systems - with Corrigendum 
1 February 2021 

RTCA DO-178C Software considerations in Airborne Systems and Equipment 
certification December 2011 

Software considerations in Airborne Systems and Equipment certification – Errata 1 16 
February 2021 

RTCA DO-278A Software Integrity Assurance Considerations for Communication, 
Navigation, Surveillance and Air Traffic Management (CNS/ATM) Systems December 
2011 

RTCA DO-248C Supporting Information for DO-178 C and DO-287 A December 2011 

EUROCAE ED-79A Guidelines for Development of Civil Aircraft and Systems December 
2010 

RTCA DO-160G Environmental Conditions and Test Procedures for Airborne Equipment 
August 2010 

RTCA DO-254 Design Assurance Guidance for Airborne Electronic Hardware April 2000 

EUROCAE ED-80 Design Assurance Guidance for Airborne Electronic Hardware April 
2000 

ARP 4761 Guidelines and Methods for Conducting the Safety Assessment Process on 
Civil Airborne Systems and Equipment December 1996 

EUROCAE ED-301 Guidelines for the Use of Multi-GNSS Solutions for UAS Specific 
Category - Low Risk Operations SAIL I & II 

Note: to be published in September 2022 

Other relevant 
documents and 
references 

 

EASA Opinion No 1/2020 High-level regulatory framework for the U-space 13 March 
2020 

ToR RMT.0230 Introduction of a regulatory framework for the operation of unmanned 
aircraft systems and for urban air mobility in the European Union aviation system 22 
April 2021 

The Interoperable Global Navigation Satellite Systems Space Service Volume; United 
Nations Office for Outer Space Affairs 5 

Second Edition 

(relevant for GNSS and EO) 

Commission Regulation (EU) No 1178/2011 of 3 November 2011 laying down technical 

requirements and administrative procedures related to civil aviation aircrew pursuant 
to Regulation (EC) No 216/2008 of the European Parliament and of the Council 

EASA Study on the societal acceptance of Urban Air Mobility in Europe 

EASA concept for regulation of Unmanned Aircraft Systems (UAS) operations in the 
‘certified’ category and Urban Air Mobility - Issue 3.0 

EASA Drone Collision Task Force 

                                                           

5 https://www.unoosa.org/ 
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Annex 5 Relevant documents related to EO 

Documents 

International Space 
Law 

Registration Convention 1976 

Liability Convention 1972 

Outer Space Treaty 1967 

International 
Environmental Law 

UN CSD Principles of International Law of Sustainable Development 1995 

UN Environment Programme Principles 

Rio Declaration on Environment and Development (Rio Declaration) 1992 

Declaration of the UN Conference on the Human Environment (Stockholm 
Declaration) 1972 

Soft Law 
Mechanisms and 
Other Relevant 
Guidelines & 
Initiatives 

UN COPUOS Guidelines for the Long-term Sustainability of Outer Space Activities: 

▪ UN COPUOS, Terms of reference, methods of work and workplan of the 

Working Group on the Long-Term Sustainability of Outer Space Activities 

of the Scientific and Technical Subcommittee (2021) 

▪ UN COPUOS, Guidelines for the long-term sustainability of outer space 

activities (2019) 

▪ UN COPUOS, Space Debris Mitigation Guidelines of the Committee on the 

Peaceful Uses of Outer Space (2010) 

IADC Statement on Large Constellations of Satellites in Low Earth Orbit 2021 

UN General Assembly Resolution 75/36 on Reducing space threats through norms, 
rules and principles of responsible behaviours 2020 

ISO 24113: Space systems – Space debris mitigation requirements 2019 

IADC Space Debris Mitigation Guidelines 2007 

Principles Relating to Remote Sensing of the Earth from Outer Space 1986 

The Charter on Cooperation to Achieve the Coordinated Use of Space Facilities in 
the Event of Natural or Technological Disasters (Disaster Charter) 

International 
Telecommunications 
Union Constitution, 
Convention, and 
Radio Regulations 

ITU Article 44 CC Use of the Radio-Frequency Spectrum and of the Geostationary 
Satellite and Other Satellite Orbits 

ITU-R S.1003.2 (12/2010) on the Environmental protection of the GSO 

EU Regulations REGULATION (EU) 2021/696 OF THE EUROPEAN PARLIAMENT AND OF THE 
COUNCIL of 28 April 2021 establishing the Union Space Programme and the 
European Union Agency for the Space Programme and repealing Regulations (EU) 
No 912/2010, (EU) No 1285/2013 and (EU) No 377/2014 and Decision No 
541/2014/EU 
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Annex 6 Reference Documents 

Id. Reference  Title Date 

[RD1]  EUSPA Market Report EUSPA EO and GNSS Market Report (Issue 7) Jan. 2022 

[RD2]  GNSS Technology Report GSA GNSS Technology Report (Issue 3) Sept. 2020 

[RD3]  ICAO Annex 10 Vol I  
Annex 10 - Aeronautical Telecommunications - 

Volume I - Radio Navigational Aids 
July 2006 

[RD4]  ICAO PBN Manual 
ICAO Performance-based Navigation (PBN) 

Manual (Third Edition) 
2008 

[RD5]  
RTCA and EUROCAE GNSS 

receiver MOPS 
   June 2020 

[RD6]  

(EU) 2019/1048 Airspace usage 

requirements and PBN 

operating procedures 

Commission Implementing Regulation (EU) 

2019/1048 2019 

[RD7]  
(EU) 2021/116 Establishment of 

Common Project One 

 

 COMMISSION IMPLEMENTING REGULATION 

(EU) 2021/116  

Feb 2021 

[RD8]  PBN Handbook No. 4 

European Navaid Infrastructure Planning 

Handbook including Minimum Operational 

Network (MON) 

May 2021 

[RD9]  UCP2020   

[RD10]  ICAO Doc 4444 
Procedures for Air Navigation Services – Air 

Traffic Management 
2016 

[RD11]  ICAO Annex 2  Rules of the Air - 2005 2016 

[RD12]  ICAO Annex 11 Air Traffic Services (2018) 2020 

[RD13]  ICAO Doc 9613 PBN Manual 2012 

[RD14]  SESAR JU – U-space 
A report of the consolidated SESAR U-space 

research and innovation results 
2020 

[RD15]  
JARUS External Consultation 

WG-SRM “SORA Annex A” 
  

[RD16]  Project GREy   

[RD17]  

EUROCAE ED 163 Safety and Performance and 
Interoperability Requirements Document 
for ADS-B Airport Surface Surveillance 
Application (ADS-B-APT) 

2010 

[RD18]  

EUROCAE ED 160 RTCA DO 314 Safety and Performance and Interoperability 

Requirements Document for Enhanced Visual 

Separation on Approach (ATSA-VSA) 

2008 

[RD19]  
EASA CS ACNS Certification Specification Airborne 

Communications, Navigation and Surveillance 
April 2022 

[RD20]  

Report on Aviation User Needs 

and Requirements EUSPA-

MKD-AV-UREQ-250287, Annex 

7: Updates following the User 

Consultation Platform 2020 

SA-MKD-AV-MOM-246179 

Report on Aviation User Needs and 

Requirements EUSPA-MKD-AV-UREQ-250287, 

Annex 7: Updates following the User 

Consultation Platform 2020 

SA-MKD-AV-MOM-246179 

 

[RD21]  

European Navaid Infrastructure 

Planning Handbook 

European Navaid Infrastructure 

Planning Handbook including 

Minimum Operational Network (MON) 

PBN HANDBOOK No. 4 

May 2021 
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Id. Reference  Title Date 

[RD22]  

NPA 2022-06 

 

NPA 2022-06 

Introduction of a regulatory framework for the 

operation of drones — Enabling innovative air 

mobility with manned VTOL-capable aircraft, the 

IAW of UAS subject to certification, and the CAW 

of those UAS operated in the 'specific' category 

June 2022 

[RD23]  

Consolidated AMC & GM to 

Annex IV (Part-CAT) 

Acceptable Means of Compliance (AMC) and 

Guidance Material (GM) to Annex IV 

Commercial air transport operations 

[Part-CAT] of Commission Regulation (EU) 

965/2012 on air operations 

March 

2018 

[RD24]  

EU policy on air quality: 

Implementation of selected 

EU legislation 

EU policy on air quality: Implementation of 

selected EU legislation European Implementation 

Assessment 

https://www.europarl.europa.eu/RegData/etudes

/STUD/2021/654216/EPRS_STU(2021)654216_EN.

pdf  

January 

2021 

[RD25]  

Potential use of CAMS 

modelling results 

in air quality mapping under 

ETC/ATNI 

Potential use of CAMS modelling results 

in air quality mapping under ETC/ATNI 

Eionet Report – ETC/ATNI 2019/17 

May 2020 

[RD26]  
European Drones Outlook 

Study 

European Drones Outlook Study 

Unlocking the value for Europe 

November 

2016 

[RD27]  

EU Directive including aviation 

in the EU ETS 

DIRECTIVE 2008/101/EC OF THE EUROPEAN 

PARLIAMENT AND OF THE COUNCIL 

of 19 November 2008 amending Directive 

2003/87/EC so as to include aviation activities in 

the scheme for greenhouse gas emission 

allowance trading within the Community 

November 

2008 

[RD28]  

FAA AC 20-165A Airworthiness approval of Automatic Dependent 

Surveillance – Broadcast (ADS-B) Out systems in 

aircraft. 

July 2012 

[RD29]  

EUROCAE ED 126 / RTCA DO 

303 

Safety and Performance and Interoperability 

Requirements Document for ADS-B-NRA 

Application 

2006 

[RD30]  

EUROCAE ED 102A / RTCA DO 

260B 

MOPS for 1090 MHz Extended Squitter 

Automatic Dependant Surveillance – Broadcast 

(ADS-B) and Traffic Information Services – 

Broadcast (TIS-B) with Corrigendum 1 

2009 

[RD31]  
ICAO Annex 3 Meteorological Service for International Air 

Navigation 
2018 

  

https://www.europarl.europa.eu/RegData/etudes/STUD/2021/654216/EPRS_STU(2021)654216_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/654216/EPRS_STU(2021)654216_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/654216/EPRS_STU(2021)654216_EN.pdf
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