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Executive Summary 
This is the first version of the deliverable D6.3. A second version of the deliverable D6.3 will be presented 

at the end of the project. 

After introducing the purpose of this document and its intended audience, this deliverable will address:  

- a status of the standardization activities related to the performances of GNSS-based positioning in ITS 

where future standardisation activities could be further developed  

- a status of identified standardization activities  

 
 

  



  D6.3 

 

This  

8 

1 Introduction 

1.1 Purpose of Document 

The purpose of the present document version is to give an overview upon the available European standards 

in the domain of GNSS based positioning, relevant in the automotive domain, which are applicable to the 

project. The final version of the document shall also provide inputs for the development of a standard in 

the European context to support certification activities. 

1.2 Intended Audience 

The intention is this deliverable to support EUSPA regrading standardization activities, starting with existing 

standards and standardisation activities for GNSS-based systems where future activities could be 

developed. This could also support EUSPA initiatives toward standardisation at CEN/CENELEC or ETSI level 

in the automotive domain, and potentially other relevant groups.   
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2 Status of the standardisation activity  

In this section a brief description of the standardisation activities in Europe related to GNSS and the 

automotive domain are provided highlighting some GNSS aspects. 

The European standardisation organisations of CEN/CENLEC and ETSI do a huge amount of work in 

developing standards for the road domain using GNSS based positioning technologies. 

In the following we address the relevant standards series CEN/EN 16803 and ETSI TS 103 246 which are the 

most relevant standards in the context of the European GNSS from CEN/CENLEC and ETSI. 

2.1 CEN/CENLEC 

The CEN-CENELEC standardisation organisation have addressed the position performances, the relation 

between position quantities performances and End to End (E2E) performances, but only for road ITS 

applications. In particular, the GNSS-Based Position Terminals (GBPT) standardisation activities are 

conducted by CEN/CENELEC Technical Committee 5 - Space - Working Group 1 (TC5-WG1). To emphasize 

the coordinated approach of both CEN and CENELEC the committee is referred to as Joint Technical 

Committee (JTC) or typically only as Technical Committee (TC). As far as the test methods and facilities are 

concerned, the CEN-CENELEC develops standards focussing on record & replay and field tests using test 

vehicles and reference positioning equipment. 

The subcommittees and working groups within the CEN/CENELEC/JTC 5 are: 

- CEN/CLC/JTC 5/WG 1  Navigation and positioning receivers for road applications 
- CEN/CLC/JTC 5/WG 2  Space Situational Awareness Monitoring 
- CEN/CLC/JTC 5/WG 3  Earth observation 
- CEN/CLC/JTC 5/WG 5  Planetary Protection 
- CEN/CLC/JTC 5/WG 6  Upstream standards 
- CEN/CLC/JTC 5/WG 7  Future activities in space standardization 
- CEN/CLC/JTC 5/WG 8  SBAS receivers’ performances for Maritime applications 

The most interesting workgroup for ACCURATE project is WG1 since there positioning related matters are 

discussed. The CEN-TC5-WG1 focuses on the development and update of the CEN/EN16803 “Use of GNSS-

based positioning for road Intelligent Transport Systems (ITS)” standard. This standard is currently 

composed of three parts with an additional one under development: 

 

 



  D6.3 

 

This  

10 

Reference 

CEN/EN 

Standard Title Status 

16803-1 Definitions and system engineering procedures for the establishment and 
assessment of performances of GBPT 

3rd Edition 

2021-03-31 

16803-2 Assessment field tests for basic performances of GBPT 1st Edition 

2021-03-31 

16803-3 Assessment field tests for security performances of GBPT 1st Edition 

2021-03-31 

16803-4 Definitions and system engineering procedures for recorded and replay design 
and validation 

In development 

Table 1 – CEN/EN 16803 Standard Parts as developed under the CEN-TC5-WG1. 

 
2.1.1 CEN/EN 16803 Part 1 

The CEN/EN16803-1 [1] proposes to assess the end-to-end performances concerning road ITS applications. 

The main Road ITS systems presented as samples in the CEN/EN16803 are: 

— GNSS-based Road User Charging systems (road, parking zone, urban…), 
— Localized emergency calls (eCall), 
— Smart tachograph, 
— Taximeter, 
— Regulated freight transport systems (hazardous substances, livestock, etc.), 
— “Pay-as-you-drive” insurance, 
— Road management systems, traffic information systems, 
— Advanced Driver Assistance Systems (ADAS) 

Positioning-based Road ITS system based on GNSS consists of a Positioning system and of a Road ITS 

application, using positioning data to provide a Service for the user (navigation aid, tracking, events or 

presence detection, etc.). Figure 3 presents the architecture of such a system.  
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Figure 1 - GNSS-Based Position Terminals. Source EN16803-1 [1].  

 

The assessment is done in simulations by a so-called sensitivity analysis. The test fields data are employed 

for sensitivity analysis via simulations using the I/Q data, for instance, in the intentional radio interference 

testing. The sensitivity analysis proposed by CEN/EN 16803-1 is depicted in Figure 2. 
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Figure 2 - Sensitivity analysis scheme. Source EN16803-1 [1]. 

It shall consist in 6 main steps: 

1. Definition of the operational scenario and of the test protocol 
2. GBPT field test execution 
3. PVT error model identification 
4. Generation of degraded trajectories 
5. End-to-end performance assessment 
6. Safety margin analysis. 

 

CEN/EN 16803-1 provides identification and definitions of positioning performance features and metrics 

that characterise the GNSS-Based Positioning Terminals (GBPT) performance requirements. These shall 

match a certain operational scenario, i.e., the conditions in which the GBPT is operating. These conditions 

may have a huge impact on the GBTP performances. 

The adopted approach by CEN was to assess several metrics by conducting field test campaigns or by 

employing the Record and Replay (R&R) methodology.  

The CEN/EN16803-1 has identified four performance metrics, namely, 

– the accuracy associated to the position error, the velocity error, or the speed error. 
– the integrity determined by the protection level given an associated integrity risk. 
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– the availability which refers to the percentage of time during which the SUT (system under test) 
provides output data. 

– the timing performances, associated to the timestamp resolution, the output latency and time to first 
fix. 

Table 2 presents the definitions for several metrics as envisaged for the GBPT regarding accuracy and 

integrity. 

Output Component Accuracy metric 

Position 3D vector 3D position accuracy is defined as the set of three statistical values given by the 50th, 75th and 
95th percentiles of the cumulative distribution of the 3D position errors. 

Horizontal  Horizontal position accuracy is defined as the set of three statistical values given by the 50th, 
75th and 95th percentiles of the cumulative distribution of the horizontal position errors. 

East East position accuracy is defined as the set of three statistical values given by the 50th, 75th 
and 95th percentiles of the cumulative distribution of the east position errors. 

North North position accuracy is defined as the set of three statistical values given by the 50th, 75th 
and 95th percentiles of the cumulative distribution of the north position errors. 

Along-track Along-track position accuracy is defined as the set of three statistical values given by the 50th, 
75th and 95th percentiles of the cumulative distribution of the along-track position errors. 

Cross-track Cross track position accuracy is defined as the set of three statistical values given by the 50th, 
75th and 95th percentiles of the cumulative distribution of the cross-track position errors. 

Vertical Vertical position accuracy is defined as the set of three statistical values given by the 50th, 
75th and 95th percentiles of the cumulative distribution of the vertical position errors. 

Velocity 3D vector 3D velocity accuracy is defined as the set of three statistical values given by the 50th, 75th and 
95th percentiles of the cumulative distribution of the 3D velocity errors. 

Horizontal  Horizontal velocity accuracy is defined as the set of three statistical values given by the 50th, 
75th and 95th percentiles of the cumulative distribution of the horizontal velocity errors. 

East East velocity accuracy is defined as the set of three statistical values given by the 50th, 75th 
and 95th percentiles of the cumulative distribution of the east velocity errors. 

North North velocity accuracy is defined as the set of three statistical values given by the 50th, 75th 
and 95th percentiles of the cumulative distribution of the north velocity errors. 

Along-Track Along-track velocity accuracy is defined as the set of three statistical values given by the 50th, 
75th and 95th percentiles of the cumulative distribution of the along-track velocity errors. 

Cross-Track Cross-track velocity accuracy is defined as the set of three statistical values given by the 50th, 
75th and 95th percentiles of the cumulative distribution of the cross-track velocity errors 

Vertical Vertical velocity accuracy is defined as the set of three statistical values given by the 50th, 75th 
and 95th percentiles of the cumulative distribution of the vertical velocity errors. 

Speed -- Speed accuracy is defined as the set of three statistical values given by the 50th, 75th and 95th 
percentiles of the cumulative distribution of the speed errors. 

Output Component Protection Level Performance Metric  Integrity Risk 

Metric 

Position 
Protection 
Level 

3D vector 3D position protection level performance for a given (e.g., 10!") 
target integrity risk is defined as the set of three statistical values 
given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the 3D position protection levels computed for that 
target integrity risk. 

The 3D position 
integrity risk is the 
probability that the 3D 
position error exceeds 
the 3D position 
protection level. 

Horizontal  Horizontal position protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 

The horizontal position 
integrity risk is the 
probability that the 
horizontal position 
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distribution of the horizontal position protection levels computed 
for that target integrity risk. 

error exceeds the 
horizontal position 
protection level. 

East East position protection level performance for a given (e.g., 10!") 
target integrity risk is defined as the set of three statistical values 
given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the east position protection levels computed for 
that target integrity risk. 

The east position 
integrity risk is the 
probability that the 
east position error 
exceeds the east 
position protection 
level. 

North North position protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the north position protection levels computed for 
that target integrity risk. 

The north position 
integrity risk is the 
probability that the 
north position error 
exceeds the north 
position protection 
level. 

Along Track Along-track position protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the along-track position protection levels 
computed for that target integrity risk. 

The along-track 
position integrity risk is 
the probability that the 
along-track position 
error exceeds the 
along-track velocity 
protection level. 

Cross Track Cross-track position protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the cross-track position protection levels computed 
for that target integrity risk. 

The cross-track 
position integrity risk is 
the probability that the 
cross-track position 
error exceeds the 
cross-track velocity 
protection level. 

Vertical Vertical position protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the vertical position protection levels computed for 
that target integrity risk. 

The vertical position 
integrity risk is the 
probability that the 
vertical position error 
exceeds the vertical 
position protection 
level. 

Velocity 
Protection 
Level 

3D vector 3D velocity protection level performance for a given (e.g., 10!") 
target integrity risk is defined as the set of three statistical values 
given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the 3D velocity protection levels computed for that 
target integrity risk. 

The 3D velocity 
integrity risk is the 
probability that the 
vertical velocity error 
exceeds the 3D 
velocity protection 
level. 

Horizontal  Horizontal velocity protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the horizontal velocity protection levels computed 
for that target integrity risk. 

The horizontal velocity 
integrity risk is the 
probability that the 
vertical velocity error 
exceeds the horizontal 
velocity protection 
level. 

East East velocity protection level performance for a given (e.g., 10!") 
target integrity risk is defined as the set of three statistical values 
given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the east velocity protection levels computed for 
that target integrity risk. 

The east velocity 
integrity risk is the 
probability that the 
vertical velocity error 
exceeds the east 
velocity protection 
level. 

North North velocity protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 

The north velocity 
integrity risk is the 
probability that the 
vertical velocity error 
exceeds the north 
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distribution of the north velocity protection levels computed for 
that target integrity risk. 

velocity protection 
level. 

Along Track Along-track velocity protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the along-track velocity protection levels computed 
for that target integrity risk. 

The along-track 
velocity integrity risk is 
the probability that the 
vertical velocity error 
exceeds the along-
track velocity 
protection level. 

Cross Track Cross-track velocity protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the cross-track velocity protection levels computed 
for that target integrity risk. 

The cross-track 
velocity integrity risk is 
the probability that the 
vertical velocity error 
exceeds the cross-
track velocity 
protection level. 

Vertical Vertical velocity protection level performance for a given (e.g., 
10!") target integrity risk is defined as the set of three statistical 
values given by the 50th, 75th and 95th percentiles of the cumulative 
distribution of the vertical velocity protection levels computed for 
that target integrity risk. 

The vertical velocity 
integrity risk is the 
probability that the 
vertical velocity error 
exceeds the vertical 
velocity protection 
level. 

Table 2 -Metric definitions from CEN/EN 16803-1 [1].  

The definitions of availability in terms of the CEN/EN 16803-1 is provided in Table 3. 

Output Availability metric 

Position The position availability is the percentage of the operating time intervals of length T during which the 
positioning terminal provides at least one position output.  

Velocity/Speed The velocity and speed availability are the percentage of the operating time intervals of length T during 
which the positioning terminal provides at least one velocity and speed outputs. 

Table 3 - Availability metric definitions from CEN/EN 16803-1 [1]. 

The CEN/EN 16803-1 standard provides a generic procedure composed of a set of conditions to perform 

the testing (test requirements) and a test design specification. Pre-conditions defined to execute the test 

are: 

– A system capable of providing a reference trajectory (ground-truth) the so-called reference trajectory 
measurement system (RTMeS) 

– A GNSS receiver equipped with an antenna 
– A data acquisition software capable of recording the outputs of both the RTMeS and the GNSS receiver 

under test 
– A data processing software suitable to process the GNSS data and perform computations of the errors 
 

The test design specification is composed of the following elements: 

– Definition of a pre-defined path inside the area where the characterization is to be done, this path being 
as representative as possible of all the different situations likely to be met in the environment. 
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– Installation, set-up and initialisation of the Benchmark GNSS receiver and the RTMeS on-board of the 
vehicle, their antennas being installed on the roof, distant from each other of at least 20 cm to avoid 
cross masking phenomena, the height from the ground being between 1.5 m and 2.25 m. 

– Travel of the pre-defined path, at a standard speed, the duration of the test being greater than 2 h (see 
step 7) and the output rate of the two positioning systems equal or higher than 1 Hz, in order to gather 
a sufficient amount of data. 

– At least two repetitions of the test using the same path with a time interval between the 3 tests of 
approximately 2 h, to be representative as much as possible of the different satellite constellations. 

– Processing of the true ranges of the satellites whose signals have been received and processed by the 
Benchmark GNSS receiver and computation of the pseudo-range errors. 

– Application of the Fine environment characterization metric to the pseudo-range errors database. 
– When the traffic conditions are bad during tests in cities, the length of the tests shall be extended, with 

the objective of gathering at least 2 h of data corresponding to a speed greater than 2 km/h. 
– Specification of which metrics to be used describing the errors, e.g., the 50th, 75th or the 95th 

percentiles representing the cumulative distribution function of the pseudo-range errors. The CEN EN 
16803-1 standard proposes to use these metrics to define performance classes. 

 

CEN/EN 16803 Part I defines six sky scenarios or environments. These are: 

- “Flat Rural”, or “clear sky”: rural roads in a flat countryside with masking angles smaller than 10°, no 
mountains nor high hills. 

- “Tree-lined Rural”: rural roads, with lines of trees with foliage on each side and a significant effect on 
signal reception due to the foliage. 

- “Mountainous”: roads with sharp curves and high mountains around, generally on one side of a valley, 
with numerous tunnels and sometimes trees, masking angles between 10° and 80°. 

- “European Peri-urban”: suburb or medium cities ring roads, with relatively large streets and small to 
medium height buildings, masking angles up to 30°. 

-  “European Urban”: standard European “old” big cities with relatively narrow streets, but sometimes 
large avenues or ring roads, with buildings from medium height to tall, masking angles up to 60° 
generating frequent multipath and Non-Line-Of-Sight (NLOS) phenomena. 

- “Modern Urban Canyon”: business centres with very high modern skyscrapers, large avenue, tunnel, 
masking angles often greater than 60° generating frequent NLOS phenomena. 

 

Variety exists also in the motion dynamic characteristics. Five typical situation which identify dynamic 

situation are presented below. 

1. Regular long range: International transport on highway from one city to another city. This road 
journey should allow for velocity with no stop, regular long acceleration from 0 to 100 km/h for 
start, regular velocity to 100 km/h during a long period with no acceleration and long deceleration 
to stop. 

2. Professional frequent stop: Door to door delivery, urban collective transport. This journey can apply 
both in urban or rural (flat or mountainous). There is frequent acceleration and deceleration (e.g., 
one each 3 minute).  
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3. Rush time and irregular due to traffic: Suburban to urban parking at rush time. This journey is 
characterized by an irregular velocity, portion with a mean speed of 35 km/h, with traffic light stop, 
high acceleration/deceleration and finally stop in an urban parking near high buildings. The journey 
is same when returning.  

4. Sunday in the city: Suburban to urban underground parking. Road journey dealing with a journey 
from suburban to urban with low traffic, but traffic light stops. 

5. Sunday in the countryside: small roads, regular velocity on small legs, speeds changing due to 
curvature or urbanization. Minimal mean speed at 25 km/h and maximal mean speed at 75 km/h 
with normal traffic. 

The standard provides some unitary test scenarios  (UTS) as shown next.  

UTS ID Typical trip Typical 

duration 

Lists of GNSS reference 

environments typically 

encountered along the 

trip 

Typical road topology 

A Regular 

long rang 

60 min Flat rural tree lined 

rural mountainous 

European port-urban 

Large highway or national road 

with long straight lines between 

large curves, relatively frequent 

bridges over the road, light long 

slopes 

B Professional 

frequent 

stops 

15 min Flat rural tree lined 

rural 

Typically, a scholar bus in the 

countryside: frequent change of 

directions, both due to curves 

and to navigation, essentially in 

flat area or with slight slopes 

C Professional 

frequent 

stops 

15 min Tree lined rural 

mountainous 

Narrow roads with sharp slopes, 

and high masks. Typically, a 

scholar bus in mountainous 

pass, with isolated houses, ends 

in the valley. 

D Professional 

frequent 

stops 

15 min European peri-urban 

European urban 

Typically, an urban bus line 
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UTS ID Typical trip Typical 

duration 

Lists of GNSS reference 

environments typically 

encountered along the 

trip 

Typical road topology 

E Rush time 15 min European peri-urban 

European urban 

Highway, urban ring road with 

large curves, frequent bridges 

over the road, or short tunnels. 

High traffic jam. 

F Rush time 15 min Modern urban canyon 

European urban 

Narrow streets in urban canyon 

and larger streets with high glass 

buildings. High traffic jam. 

G Sunday in 

the city 

15 min European peri-urban 

European urban 

Typically, the same path than E 

but when low traffic density is 

observed as generally on 

Sunday. 

H Sunday in 

the city 

15 min Modern urban canyon 

European urban 

Typically, the same path than F 

but when low traffic density is 

observed as generally on 

Sunday. 

I Sunday in 

the 

countryside 

20 min Flat rural tree lined 

rural 

Typically, the same path than B, 

but longer and without stops. 

Table 4 - Proposal for a list of unitary test scenarios 

GBPT output sorted by environment are called uniformed environment data sets or UEDS. The UEDS are 

data sets on which metrics shall be computed. The metrics shall be computed environment by environment.  

2.1.2 CEN/EN 16803 Part 2 

The CEN/EN16803-2 [2] proposes a test methodology based on replay techniques in the laboratory of real 

data sets recorded during field test campaigns under the assumption that no security attack occurred during 

the test.  
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From the standardisation point of view, since the record phase needs recognized skills and experience in 

GNSS metrology, this means that the work has to be performed by GNSS-specialized laboratories, i.e. ISO 

17025 accredited for that purpose by a national accreditation authority.  

The laboratories shall follow standardized procedures for recording the data sets that shall become 

themselves standardised scenarios to be replayed by a larger panel of homologated, but not GNSS-

specialized, radio frequency (RF) test laboratories. This process is depicted in Figure 3. 

The CEN/EN 16803-2 standard provides an informative section on how to proceed to record a scenario in 

standardised operational scenarios. The precise definition of operational scenarios is an issue that will be 

addressed by the CEN/EN 16803-4. 

 
Figure 3- The principle of record and replay of GNSS RF signals. Source EN16803-2 [2]. 

 

Field Tests 

 

Test campaigns in real-word environments require the use of specific test vehicles in which the SUT is 

embedded together with the reference trajectory measurement system. The latter is employed to define 

or establish the true reference system associated to the so-called ground truth and for this shall have an 

accuracy at least one order of magnitude better than the SUT. The two systems. i.e., the reference system 

and the testing system can then be compared and thus the performance assessment of the SUT conducted. 

Contrary to the laboratory tests, real-world test lacks the controllability and repeatability functionality. The 

purpose of this is to collect/record data. 
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Replay Tests 

 

The test campaigns employing the record and replay methodology make use of field test and laboratories 

test principles. Record and replay tests record real data (from a GNSS receiver and sensors). The GNSS SUT 

data can be replayed/modified in the laboratory to evaluate the performances of the GNSS SUT. 

The record and replay approach records GNSS signals (I/Q) during the movement of a vehicle in a reference 

trajectory. During the record phase the GNSS signals and the reference trajectory of the vehicle are 

recorded at the same time (time synchronisation problems may occur at this stage). The digitalised GNSS 

signals may be rebuilt by the record and replay system in a radio frequency signal that can be injected in 

the system under test, in which the GNSS position engine is integrated. The drawback of this system is that 

it does not allow the use of external data such as GNSS correction service data. Further, advanced error 

characterisation algorithms can be applied on real world signals in post-processing to get a better 

understanding for real world scenarios 

2.1.3 CEN/EN 16803 Part 3 

The CEN/EN16803-3 [3] proposes a complement to this test methodology to assess the performance 

degradation when the GNSS signal-in-space (SIS) is affected by intentional radio-frequency (RF) 

perturbations such as jamming, spoofing or meaconing. This part of the standard is targeting mainly the 

generalist RF test laboratory in charge of assessing the performances of GBPTs for different applications. 

Figure 4 provides systematic scheme on how to classify the RF perturbation motivation, and type or GNSS 

attacks taxonomy. 
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Figure 4 - Systematization scheme of the RF perturbations motivation and type. Source EN16803-3 
[3]. 

2.1.4 CEN/EN 16803 Part 4 

The CEN/EN 16803-4 [4], still in development, intends to propose a methodology for the recording of the 

real data sets and is targeting, mainly, the GNSS-specialized test laboratories that will be in charge of 

elaborating the test scenarios.  

Figure 5 shows the system architecture for GBPT performance testing by using the record and replay 

methodology. The recording and replay systems are respectively depicted as green and blue boxes. The 

picture also highlights which operations are expected to be live-performed on-board the test vehicle (upper 

part of the picture) and the ones to be carried out in the laboratory at a later stage (lower part of the 

picture). In case the output of other sensors is of interest, this shall be collected as well, and it is important 

to grant the time tagging of the samples by a common stable clock. 
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Figure 5 - GBPT performance evaluation. Source EN16803-4 [4]. 

 

The figure refers to the complete record and replay processes as stated in EN16803-4 standard part, still in 

the development phase. The standard foresees that the record phase shall be performed by a GNSS 

specialised laboratory, i.e., ISO17025 accredited to collect and store the I/Q data. 

In the record type case, the laboratory executing the tests, shall be a GNSS accredited laboratory to proper 

manage and handle the error injection, process the data, and make the right conclusion deriving the test 

results. 

 
 
2.2 ETSI 

In the case of ETSI, the standardisation activities for the GNSS-based Location Systems (GBLS) are conducted 

by ETSI Technical Committee Satellite Earth Stations and Systems (SES). The ETSI addresses the position 

quantity performances, positioning system architecture issues and, also, data exchange protocol issues for 

any terrestrial application. The ETSI SES group has produced five parts of the ETSI TS 103 246 standard: 
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1. ESTI TS 103 246-1: Functional requirements 

2. ESTI TS 103 246-2: Reference Architecture 

3. ESTI TS 103 246-3: Performance requirements  

4. ESTI TS 103 246-4: Requirements for location data exchange protocols 

5. ESTI TS 103 246-5: Performance test specification 

 

The status of the standard series is provided in Table 5. 

Reference 

ETSI TS 

Standard Title Status 

103 246-1 Satellite Earth Stations and Systems (SES); GNSS based location 
systems; Part 1: Functional requirements 

1.3.1 Edition  

2020-10-01 

103 246-2 Satellite Earth Stations and Systems (SES); GNSS based location 
systems; Part 2: Reference Architecture 

1.3.1 Edition  

2020-10-01 

103 246-3 Satellite Earth Stations and Systems (SES); GNSS based location 
systems; Part 3: Performance requirements 

1.3.1 Edition  

2020-10-01 

103 246-4 Satellite Earth Stations and Systems (SES); GNSS based location 
systems; Part 4: Requirements for location data exchange protocols 

1.3.1 Edition  

2020-10-01 

103 246-5 Satellite Earth Stations and Systems (SES); GNSS based location 
systems; Part 5: Performance Test Specification 

1.3.1 Edition  

2020-10-01 

Table 5 - ETSI 103 246 standard parts as developed under the SES technical committee. 

The general architecture of the position module is depicted in Figure 6. 
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Figure 6 - GNSS Based Location System architecture. Source ETSI 103 246-2. 

 

In the standard two infrastructures are proposed to conduct the testing. One infrastructure for system 

testing is based on performing the RF interference tests of the SUT in an anechoic chamber. Another 

infrastructure for system testing is based on performing the RF interference tests by connecting the SUT to 

the RF interference system via a wire. These infrastructures set ups are shown below in Figure 7. 
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Figure 7 – ETSI 103 246-5 systems set up for testing RF interference. Source ETSI 103 246-5. 

 
2.2.1 ETSI TS 103 246-1 

The ETSI TS 103 246-1 [5] standard provides functional requirements divided in mandatory and optional 

requirements.  
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The mandatory requirements are associated to positioning techniques, location related data delivery and 

the associated location system policies. The GBLS shall provide location data in a coordinate reference 

system and a time stamp in a reference time scale with respect to the positioning techniques. For the 

location related data delivery, the GBLS shall provide an external interface to convey information for 

monitoring and control of the data. For the location system policies, the GBLS shall implement a privacy 

protection policy, a service authentication policy, and a security policy. 

The requirements for optional features are associated to positioning techniques, location related data 

content and location related data delivery. It means that The GBLS may use multiple sensors to complement 

GNSS and augmented methods such as assisted or differential GNSS positioning methods with respect to 

the positioning techniques. For the case of location related data delivery, it means that the GBLS may 

provide location target speed, acceleration, heading angular and angular acceleration. In terms of integrity 

the GBLS may also provide accuracy, protection level and authenticity flag. 

2.2.2 ETSI TS 103 246-2 

The ETSI TS 103 246-2 [6] addresses the functional architecture of the GBLS. The standard defines the 

system in terms of discrete functional elements connected to other internal or external functional elements 

via logical interfaces. The standard identifies three main components associated to the GBLS mainly, the 

sensor management module, the position calculation module, and the central management module. 

Extrinsic to the GBLS there are components providing positioning information (GNSS or other external 

positioning systems).  

The standard adopts a top-down approach in describing the architecture starting at architecture level 1. 

The architecture levels 2 and 3 describe the several physical components, from level 1, with an increasing 

level of detail or granularity. In level 1 the overall architecture of the GBLS is defined as shown in Figure 8. 

 
Figure 8- GBLS architecture high-level or level 1. Source ETSI 103 246-2 [6]. 
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The GNSS and the possible other external positioning systems are not part of the GBLS as indicated in the 

previous figure. The architecture level associated to level 2 is shown in Figure 9. 

 

 
Figure 9-GBLS architecture level 2 providing a higher level of detail. Source ETSI 103 246-2 [6]. 

The architecture level associated to level 3 is shown in Figure 10. 
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Figure 10- GBLS architecture level 3 providing an even higher level of detail. Source ETSI 103 246-2 
[6]. 

From the GNSS perspective, the position calculation module is the most relevant module. The sub functional 

modules associated to level 3 are succinctly described in Table 6. 

Sub-functional 

modules 

Notes 

GNSS sensor The GNSS sensor is a mandatory component of the GBLS architecture. 

Telecommunication 
module 

The telecommunication module is an optional component of the Positioning module. This module 
may provide different types of measurements based on the Angle of Arrival, Received Signal 
Strength, Time of Arrival and cell positioning. 

Inertial sensor The inertial measurement unit (IMU) is an optional component. 

Magnetometer  The magnetometer is an optional component of the positioning module. 

Odometer/tachometer The odometer is an optional component of the positioning module 

Beam forming antenna The beam forming antenna is an optional component of the positioning module including signal-
processing techniques able to combine streams of samples from n different elements of an 
antenna array. 

EMI mitigation algorithm The electromagnetic interference (EMI) mitigation algorithm (EMA) is an optional component of 
the GBLS architecture 

EMI localization algorithm The electromagnetic interference (EMI) localization algorithm is an optional component of the 
GBLS architecture. The presence of interfering sources (whether intentional or not) can degrade 
the GBLS performance. The EMI localization algorithm is responsible for determining the location-
related data of RF interfering sources, transmitting over GNSS bands. 
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Sub-functional 

modules 

Notes 

Location hybridization 
algorithm 

The location hybridization algorithm (is an optional component of the GBLS architecture. It is one 
of the algorithms responsible for determining the location-related data of a location target. 

Integrity building 
algorithm 

The integrity building algorithm is an optional component of the GBLS architecture. It is specifically 
in charge of the processing required in case a reliable quality of service indicator is required. 

The integrity building algorithm includes: 

I. An optional processing block and interface to GNSS sensor metrics (such as interference and 
multipath detection metrics). In this case these metrics produced by the GNSS receiver are 
compared to thresholds set according to the continuity and integrity risks and are then used, 
if necessary, to remove the corresponding range measurements before the computation of 
PVT and protection level. 

II.  A processing block for the computation of the protection level based on the pseudo-range 
residuals scaled to the position domain. 

III. A processing block for the comparison of the resulting protection level with the application 
alert limit and the assessment of the integrity availability. 

PPP The PPP module is an optional component of the GBLS architecture. It provides precise estimates 
of the PVT by implementing algorithms able to mitigate most of the errors affecting GNSS 
positioning These errors include: 

I. The space segment (i.e. receiver clock offset, satellite antenna phase centre offsets). 
II.  The signal propagation (i.e. ionospheric delay model error, tropospheric delay model error, 

atmosphere total electron content).  
III. Other effects such as the Earth's rotation, the relative motion between satellites and the 

receiving GNSS antenna, gravitational forces and relativistic effects 
RTK/D-GNSS The RTK/D-GNSS is an optional component of the GBLS architecture. This component includes 

algorithms in charge of: 

I. Applying differential corrections on sets of measurements (i.e. pseudo ranges) generated by 
the GNSS sensor. Differential corrections sent by different augmentation systems can be 
received through the Application Interface. GNSS augmentation systems include: 
- SBAS (WAAS, EGNOS, GAGAN, SDCM) broadcasting differential corrections on frequency 
bands allocated to GNSS. 

- Terrestrial data services, supporting ground-based access to SBAS differential 
corrections (e.g. EGNOS Data Access Service). 

- Terrestrial D-GNSS reference stations broadcasting differential corrections and satellite 
integrity flags on a dedicated wireless channel. 

- LAAS/GBAS aeronautical ground stations broadcasting differential corrections in the 
VHF band. 

II. Performing Real-Time-Kinematic (RTK) positioning. This requires the implementation of the 
RTK/D-GNSS block within the Positioning module (on-board function, acting as rover) and 
within the central facilities (centralized function, acting as base, rover or both). RTK 
algorithms implemented within the Position Calculation module receive: 
- Carrier phase measurements made by the on-board GNSS sensor (rover). 

- Position of the central facilities (base). 

- Carrier phase measurements made by the GNSS sensor installed at the central facilities 
(base). 

- Ancillary data used by the Positioning module to process the received augmentation 
data (e.g. datum conversion parameters, QoS indicators, etc.). 

RTK algorithms implemented within the positioning module estimate the baseline between the 
rover and the reference station that is used to determine location-related data for the location 
target. 

Location authentication The location authentication is an optional component of the GBLS architecture. 
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Sub-functional 

modules 

Notes 

Security provisioning Security provisioning is an optional block within the system architecture. 

Security verification Security verification is an optional block within the system architecture. 

Privacy provisioning Privacy provisioning is an optional block within the system architecture. 

Privacy test The privacy test is an optional block within the system architecture. 

Interface module This is the interface that external applications use to exchange location requests and responses 
with the positioning system. 

Reference receivers The reference receivers are optional components of the GBLS architecture. They are GNSS sensors 
in charge of processing GNSS signals at the central facility, in a fixed and precisely known location. 
Reference receivers provide measurements post correlation (e.g. code and carrier phase 
measurements, doppler, C/No estimates, pseudo-ranges, pseudo-range residuals, etc.) and PVT 
solutions. From a logical point of view, it is assumed that the reference receivers are connected 
to a geo-referenced GNSS antenna. 

Assistance server The assistance server is an optional component of the central facility of the GBLS architecture. It 
implements at least one of the following functions: 

I. Provision of A-GNSS data 
II. Provision of multilateration/triangulation assistance data. 
III. Provision of precise positioning data WARTK data processing. 
IV. Provision of correction data and satellite "do not use" flags for D-GNSS.  
V. Data preparation for D-GNSS. 
VI. Interface with external service providers. Such an interface may serve to recover 

ephemerides from external PPP service providers, to collect navigation or mission data from 
GNSS infrastructure, to receive cryptographic keys from GNSS infrastructure, to enable 
authentication service for encrypted GNSS signals, and others. 

Map and data base The map database (MD) is an optional component of GBLS architecture. It contains the digital map 
database with the graphical representation of all the spatial information required for route 
guidance. 

Interfaces Data exchanges are defined inside the GBLS architecture: 

I. I/F 1 GNSS Sensor to position calculation module 
II. I/F 2 telecommunication module to position calculation module 
III. I/F 3 inertial sensor to position calculation module 
IV. I/F 4 magnetometer to position calculation module 
V. I/F 5 odometer to position calculation module 
VI. I/F 6 beam forming antenna to position calculation module or GNSS sensor 
VII. I/F 7 mapping data to position calculation module 
VIII. I/F 8 central management to application interface module 
IX. I/F 9 assistance or GNSS differential data server to position calculation module 
X. I/F 10 position calculation module to position calculation module 

Table 6 - Sub functional modules associated to level 3 [6]. 

2.2.3 ETSI TS 103 246-3 

The ETSI TS 103 246-3 [7] standard defines several GNSS sky scenarios. The ETSI TS 103 246-3 standard, 

defines the open sky as the sky region above an elevation mask of 5° for which no GNSS signal attenuation 

occurs. Figure 15 portraits the sky view situation which allows the acquisition and tracking of all visible 

satellites above the elevation mask of 5° assuming, that the GNSS receiver does not have acquisition and 

tracking restriction on the number of tracking satellites. 
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Figure 11- Open sky scenario definition. Source ETSI 103 246-3 [7]. 

The other scenarios contemplated in the ETSI TS 103 246-3 standard concerns the urban canyon and 

asymmetric sky view conditions, as depicted below in Figure 12. 

  

Figure 12- Urban canyon asymmetric sky view scenarios. Source ETSI 103 246-3 [7]. 

The above sky scenarios may be used for static or kinematic users. The ETSI TS 103 246-3 standard defines 

three position horizontal accuracy performance requirement classes for a moving vehicle in an open sky 

condition. These different class performances are provided in Table 7 for the case of a kinematic situation 

in an open sky environment as defined in the class defined in the ETSI TS 103 246-3. 
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Accuracy Metric Maximum Position Error [m] 

Class A Class B Class C 

Horizontal 

Mean error 1.0 4.0 8.0 

Standard Deviation 0.7 2.0 7.0 

95th percentile 2.0 10.0 17.0 

Mean cross-track error 1.4 5.5 11.0 

Mean cross- track error (95th percentile) 2.8 14.0 24.0 

Mean along-track error 1.4 5.5 11.0 

Mean along- track error (95th percentile) 2.8 14.0 24.0 

Vertical 

Mean error 2.0 8.0 16.0 

Standard Deviation 1.5 4.0 14.0 

95th percentile 4.0 20.0 34.0 

Table 7 - Performance requirements for the horizontal and vertical accuracies in open sky [7]. 

The ETSI TS 103 246-3 classes definitions are defined in terms of the mean errors and the associated 95th 

percentiles. Performances for the horizontal and vertical accuracies for the urban canyon, Table 8, and 

asymmetric sky, Table 9, view scenarios are also defined in the ETSI TS 103 246-3. 

Accuracy Metric Maximum Position Error [m] 

Class A Class B Class C 

Horizontal 

Mean error 2.0 5.0 10.0 

Standard Deviation 2.4 5.0 14.0 

95th percentile 4.0 17.0 35.0 

Mean cross-track error 2.5 5.5 11.0 

Mean cross- track error (95th percentile) 5.0 20.0 40.0 

Mean along-track error 5.0 13.0 25.0 

Mean along- track error (95th percentile) 1.0 25.0 50.0 

Vertical 

Mean error 4.0 10.0 20.0 

Standard Deviation 5.0 10.0 28.0 

95th percentile 7.0 34.0 70.0 

Table 8 - Performance requirements for horizontal and vertical accuracies in the urban area [7]. 
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Accuracy Metric Maximum Position Error [m] 

Class A Class B Class C 

Horizontal 

Mean error 1.8 5.0 9.0 

Standard Deviation 2.0 4.0 12.0 

95th percentile 3.5 15.0 28.0 

Mean cross-track error 2.2 4.0 10.0 

Mean cross- track error (95th percentile) 5.0 18.0 35.0 

Mean along-track error 4.5 10.0 18.0 

Mean along- track error (95th percentile) 8.0 20.0 40.0 

Vertical 

Mean error 4.0 10.0 18.0 

Standard Deviation 4.0 8.0 24.0 

95th percentile 7.0 30.0 55.0 

Table 9- Performance requirements for horizontal and vertical accuracies in the asymmetric area [7]. 

2.2.4 ETSI TS 103 246-4 

The ETSI TS 103 246-4 [8] standard defines the requirements needed when exchanging data elements 

intrinsically or extrinsically to the GNSS based location system (GBLS). In addition, it also specifies data 

exchange models for the data elements used for the location related data within the GBLS itself or external 

applications. Figure 13 shows the high-level architecture associated to the data exchange models 

(protocols) and their interfaces. The location system external protocol (LSEP) provides a mean to exchange 

data between the GBLS and an external application, while the location system internal protocol (LSIP) 

provides a mean to exchange data between internal components associated to the GBLS. 
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Figure 13 - Exchange data models (protocols) associated to the GBLS architecture. Source ETSI 103 
246-4 [8]. 

2.2.5 ETSI TS 103 246-5 

This standard defines the test procedures required to test conformance with the performance figures 

defined in ETSI TS 103 246-5 [9]. The performance figures are: 

1. Horizontal position accuracy 
2. Vertical position accuracy 
3. Time-To-First Fix (TTFF) 
4. Position authenticity 
5. Robustness to interference 
6. GNSS sensitivity 
7. Position integrity (protection level) 
8. Position day-to-day repeatability 
9. Time-to-fix ambiguity 

 

The standard defines the common test conditions required for all tests. The conditions range from 

environmental conditions, GNSS signal conditions, operational conditions, assistance and differential data 

and the test configurations. 

In this regard, the ETSI TS 103 246-5 defines the GNSS signal at the antenna connector of the GNSS-Based 

Location System (GBLS). For a GBLS system equipped with an integral GNSS antenna it is assumed that the 

antenna has a gain of 0	𝑑𝐵. The standard also defines the reference input signal power level conditions. 

The reference power and relative signal power levels for each GNSS signal type are provided in Table 10. 
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 GNSS Constellation System 

Galileo GPS GLONASS BeiDou (Note 
2) 

Reference Power (dBm)  -130.0  -128.5  -131.0  -130.0 

Signal power level relative to reference power level (dB) 
(see Note 1) 

E1   0.0 L1 C/A   0.0     

E6  +2.0 L1C  +1.5 G1   0.0 B1 D1   0.0 

E5  +2.0 L5  +3.6 G2  -6.0 B1 D2  +5.0 

Note 1: The GNSS signal power levels above represent the total signal power per channel for pilot and data channels. 

Note 2: For test cases which involve "BeiDou", D1 represents MEO/IGSO satellites of B1I signal type and D2 represents GEO satellites of B1I 
signal type. 

Table 10 - Power level conditions [9]. 

 

Position authenticity relates to the level of assurance that the data for a location was derived from real 

signals and not subjected to RF interference like spoofing. Therefore, the GBLS should be able to 

authenticate the estimated position by means of specific algorithms that detect, and possibly mitigate, the 

presence of structured RF interference. 

Equally relevant is the robustness to interference. In the standard the robustness to interference refers to 

the ability of the receiver to operate under interference conditions and maintain an appropriate level of 

performance in terms of PVT degradation. The robustness to interference is characterized by the maximum 

tolerable jammer-to-GNSS signal power ration (J/S), defined as providing a position fix availability greater 

than 90 % with a maximum horizontal error of 100 m. The horizontal position error statistics provided are 

based on position fixes satisfying the condition of a maximum horizontal error of 100 m. 

This part of standard addresses several other aspects some of which are more relevant to the project. In 

particular, in section 6 of this part of the standard concerns the horizontal and vertical position accuracy. 

The test cases definitions, the test method including measurement procedures, data analysis and the pass 

or fail criteria are provided. Table 11 provides the metrics used for the determination of the horizontal 

position accuracy. The calculated confidence intervals shall correspond to 95%. 
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Metric Estimator 

Mean value 𝑚!" =	 "
#
	‖∑ 𝜀$#

$%" ‖ where ‖X‖	represents the Euclidian norm of a vector X. 

Standard deviation  𝜎#$ = 	' $
%!$

∑ )𝜀𝑖 − 𝜇$𝑖)
&%

'($  where: �̂� = 	 "
#
	∑ 𝜀$#

$%" is a two-dimensional vector. 

𝑝'(percentile 

Use the nearest rank estimator for the 𝑝'(percentile: 

Γ)-
*+ = 𝑌,-[𝑛] where:  𝑌,- = 𝑠𝑜𝑟𝑡‖𝜖,-‖ is a magnitude-ordered vector 

of 𝑁elements. 

𝜖,-  is the vector of the 𝑁measured errors 𝜖$,-and 𝑖 = 1,… , N; 𝑛 = = )
"..

	𝑁> 

Mean CT/AT errors  where �̂�#,*+,	�̂�#,,+ are the CT and AT components of the vector 

�̂�#. 

CT/AT errors, and 

corresponding 
𝑝'(percentile 

Estimate the standard deviation of the CT or AT errors: 

𝜎#,-- =	' $
%!$

∑ .𝜀𝑖,𝑋 − 𝜇$𝜖,𝑋/
&

%
'($  where, X = {cross-tack, along-track} 

 

 

Table 11 - Metrics for the horizontal position accuracy [9]. 
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2.3 Comparison of CEN/CENLEC and ETSI approaches 

As far as the test methods and facilities are concerned, the CEN/CENELEC develops standards for real world 

testing. The CEN/EN 16803 series focus on automotive GNSS based testing. Hereby the first part of the 

standard series addresses general topics first like the used KPIs and metrics for the test and some analysis 

in the field of sensitivity and applicable error models. Part 2 focuses on the assessments of the “normal” 

performance of such systems based on the KPIs and metrics from part one which defines the basis for 

further analysis. Part 3 focuses on the assessment of security performances of GNSS based positioning 

systems, which is crucial for safety of life applications due to its impact and necessity in the run of the 

hazard analysis, security concept and risk analysis. 

The ETSI in contrast develops laboratory tests. The ETSI 103 246 series use GNSS simulators applicable for 

multiple industries but follows from the design a comparable approach. 

The part 1 and 3  define functional and performance requirements for GNSS based location systems which 

are up to a certain level comparable to the CEN 16803 approach. It is proposed to use here the CEN and 

ETSI-approach as complimentary. 

The parts 2 and 4 define the architecture and the requirements for location data exchange protocols. These 

parts are not addressed on the CEN side and can be seen as assistant information for the design of GNSS 

based location systems. The architecture here defines how a GNSS based location system can be composed 

and designed. The location data exchange protocol’s standard part defines, like its name says, requirements 

for the data exchange between the considered system and other backends (e.g., C2C, C2I). The last part of 

the mentioned ETSI standard performance test specification can be seen again as complimentary to the 

CEN approach because despite its name it covers the assessments of the “normal” performance and of 

security performances of GNSS based positioning systems. 

2.4 Preliminary identified European standardisation opportunities and promotion 

activities 

The preliminary identified European standardisation opportunities and promotion activities are based on 

that the above-described standards will serve as inputs to support the development of a potential 

standardised test scheme within the scope of the ACCURATE project.  

This new standardised test scheme will be promoted on the CEN and ETSI level to support running activities 

(see GP-Start-project) or to trigger new activities.  
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The ETSI TS 103 246 series has reached a high degree of maturity and there are no current standardisation 

activities taken place at ETSI Technical Committee Satellite Earth Stations and Systems regarding this series. 

It is proposed to try to present the project on the ETSI level or CEN\CENLEC to promote new activities. 
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3 Conclusions 

This is the first version of the deliverable D6.3.  A second version is expected at the end of the project 

providing the inputs for the development of a European standard with the aim of certification.  

In the context of the ACCURATE project a prototypical certification will be developed.  

In terms of standardisation activities, at the European level, these could take place at either at CEN/CENLEC 

or ETSI organisations. 

Detailed conclusions will therefore be provided at the very end of the project. 
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