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1 [bookmark: _Ref45424608]Introduction

A new study item on “NR Positioning Enhancements” was approved in RAN#86 ([1]) and its second objective is as follows:
Study solutions necessary to support integrity and reliability of assistance data and position information: [RAN2]
a. Identify positioning integrity KPIs and relevant use cases.
b. Identify the error sources, threat models, occurrence rates and failure modes requiring positioning integrity validation and reporting. 
c. Study methodologies for network-assisted and UE-assisted integrity.
NOTE 4:	Objective 2 is applicable to both, RAT-dependent and RAT-independent positioning methods.
In this contribution, we discuss the solutions necessary to support positioning integrity and reliability in NR. 
This contribution analyses Definitions, the Integrity concept (sections 2 and 3), and associated definitions, use cases, and KPIs (sections 4 and 5), while R2-2007647 is dealing with Error sources related to RAT-independent, in particular GNSS.
2 [bookmark: _Ref45424610]Definitions
This section provides the definitions related to the integrity and reliability of the position provided by a navigation system. Generic definitions have been extracted from [2], [3], [4] and [5].
Accuracy
According to [2] “accuracy is defined to be the statistical difference between the estimate or measurement of a quantity and the true value of that quantity measurement of a quantity and the true value of that quantity” and “The statistical differences are expressed either as 95th percentile (95%) differences or as RMS differences”. Since accuracy is a statistical measure, a statement of system accuracy is meaningless unless it includes a statement of the uncertainty in position that applies. 
Hence, Position Accuracy is the statistical difference between the estimated position and the true position. The position accuracy is usually expressed as 95th percentile (95%) differences or as RMS differences.
Alerts and Positioning Failures
The definitions for alert, positioning failure, time-to-alert, missed alert, false detection and false alert are obtained from [3]:

Alert: An alert is defined to be an indication that is provided when the positioning performance does not meet the integrity requirements.
Positioning Failure: If the equipment is aware of the navigation mode/alert limit, a positioning failure is defined to occur whenever the difference between the true position and the indicated position exceeds the applicable alert limit. If the equipment is not aware of the navigation mode/alert limit, a positioning failure is defined to occur whenever the difference between the true position and the indicated position exceeds the applicable protection level (either horizontal or vertical as applicable).
Time-To-Alert: Time-to-Alert (TTA) is the maximum allowable elapsed time from the onset of a positioning failure until the equipment annunciates the alert.
Missed Alert: Positioning failures which are not announced (as an alert) within the time-to-alert are defined to be missed alerts.
False Detection: A false detection is defined as the detection of a positioning failure when a positioning failure has not occurred.
False Alert: A false alert is defined as the indication of a positioning failure when a positioning failure has not occurred (a result of false detection). A false alert would cause a navigation alert.
Alert Limits and Protection Levels
The concept of alert limit is related to the largest position error which still results in a safe operation. While the position protection level (see protection level definition) is the statistical bound of the position error, computed so as to guarantee that the probability of the position error exceeding said number is smaller than or equal to a certain required probability.
From [3] we extract generic definitions for HAL/VAL and HPL/VPL:
Horizontal Alert Limit: The Horizontal Alert Limit (HAL) is the radius of a circle in the horizontal plane (the local plane tangent to the WGS-84 ellipsoid), with its center being at the true position, which describes the region which is required to contain the indicated horizontal position with the required probability for a particular navigation mode (e.g., 1-10-7 per flight hour).
Vertical Alert Limit: The Vertical Alert Limit (VAL) is half the length of a segment on the vertical axis (perpendicular to the horizontal plane of WGS-84 ellipsoid), with its center being at the true position, which describes the region which is required to contain the indicated vertical position with the required probability for a particular navigation mode (e.g., a probability of 1-10-7 per approach).
Horizontal Protection Level: The Horizontal Protection Level (HPL) is the radius of a circle in the horizontal plane (the plane tangent to the WGS-84 ellipsoid), with its center being at the true position, which describes the region which is assured to contain the indicated horizontal position with the probability required for a particular navigation mode. It is the horizontal region for which the missed alert requirement can be met.
Vertical Protection Level: The Vertical Protection Level (VPL) is half the length of a segment on the vertical axis (perpendicular to the horizontal plane of WGS-84 ellipsoid), with its center being at the true position, which describes the region which is assured to contain the indicated vertical position with the probability required for a particular navigation mode. It defines the vertical region for which the missed alert requirement can be met.
Authentication
Provision of assurance that the location-related data associated with a location target has been derived from real and not falsified signals [4].
Availability
The availability of a navigation system is the ability of the system to provide the required function and performance at the initiation of the intended operation. Availability is an indication of the ability of the system to provide usable service within the specified coverage area. Signal availability is the percentage of time that navigational signals transmitted from external sources are available for use. Availability is a function of both the physical characteristics of the environment and the technical capabilities of the transmitter facilities [3].
Confidence Interval and Confidence Level
Confidence Interval is the range of values that likely would contain an unknown population parameter.
Confidence Level refers to the percentage of probability, or certainty, that the confidence interval would contain the true population parameter when you draw a random sample many times.
Continuity
The continuity of a system is the ability of the total system (comprising all elements necessary to maintain the position within a defined area or space volume) to perform its function without interruption during the intended operation. More specifically, continuity is the probability that the specified system performance will be maintained for the duration of a phase of operation, presuming that the system was available at the beginning of that phase of operation, and predicted to exist throughout the operation [3].
Coverage
The coverage provided by a radionavigation system is that surface area or space volume in which the signals are adequate to permit the user to determine position to a specified level of accuracy. Coverage is influenced by system geometry, signal power levels, receiver sensitivity, atmospheric noise conditions and other factors which affect signal availability [3].
Geometric Dilution of Position (GDOP)
The ratio of position error of a multilateration system. More precisely, it is the ratio of the standard deviation of the position error to the standard deviation of the measurement errors, assuming all measurement errors are statistically independent and have a zero mean and the same standard distribution. GDOP is the measure of the "goodness" of the geometry of the multilateration sources as seen by the observer; a low GDOP is desirable, a high GDOP undesirable [3].
Integrity
Integrity is the measure of the trust in the accuracy of the location-related data provided by the location system and the ability to provide timely and valid warnings to users when the location system does not fulfil the condition for intended operation [4].
Integrity Events
An integrity event happens when the position error exceeds the protection level.
Integrity Failure is an integrity event that lasts for longer than the TTA and with no alarm raised within the TTA.
Misleading Information (MI) is an integrity event occurring when, being the system declared available, the position error exceeds the protection level but not the alert limit.
Hazardously Misleading Information (HMI) is an integrity event occurring when, being the system declared available, the position error exceeds the alert limit.
Integrity Risk (IR)
Expressed as the probability that the position accuracy exceeds the position protection level [4].
Integrity Support Message (ISM)
Additional information provided by the system to the position integrity function with parameters specifically needed by the integrity algorithm to compute the integrity data.
Misleading Information (Position)
Misleading information is defined to be any output position that has an error larger than its current protection level [3].
Position/Location
3-dimensional position or location [4].
Positioning/Localisation
Process of determining the position or location of a location target [4].
Position/Location System
System responsible for providing to a location based application the location-related data of one or several location targets [4].
Position/Location-based application
Application which is able to deliver a service to one or several users, built on the processing of the location information (location-related data) related to one or several targets [4].
Position Integrity Function
Function within the position/location system that, using the multilateration measurements and other data provided by the system, is able to generate the position-related data (integrity data) so it can be employed by the position/location-based application to provide its service to the user.
Protection Level (PL)
As defined in [4], the protection level is the upper bound to the positioning error such that the probability: P(ε > PL) < Irisk, where Irisk is the integrity risk and ε is the position error.
NOTE: The protection level is provided by the location system, and with the integrity risk, is one of the two sub-features of the integrity system.
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Receiver Autonomous Integrity Monitoring (RAIM)
A technique whereby a civil GNSS receiver/processor determines the integrity of the GNSS navigation signals without reference to sensors or non-DoD integrity systems other than the receiver itself. This determination is achieved by a consistency check among redundant pseudorange measurements [3].
Reliability
The probability of performing a specified function without failure under given conditions for a specified period of time [3].
Target Integrity Risk (TIR)
The target integrity risk is the integrity risk required by the user/location based application for a particular navigation mode. 
The TIR is usually defined as a probability rate per hour, per second or per independent sample (e.g. TIR=10-7 per hour for an aircraft in fault free performance).
3 [bookmark: _Ref45424677]Position Integrity Concept
Integrity is understood as the measure of the trust that can be placed in the location-related data that is provided by the location system and this level of trust is checked against the conditions of operation required by the location-based application. 
Therefore, as a first step to define and explain the position integrity concept, we identify two different entities when assessing integrity:
· The location system that provides the location-related integrity data.
· The location-based application that uses the location-related integrity data and requires specific conditions of operation to deliver a service to the final user.
The location system comprises all the elements needed to provide the location and the location-related integrity data to the location-based application. Hence, within the location system, we will have the position integrity function that, using the multilateration measurements and other data provided by the system, is able to generate the position-related integrity data so it can be employed by the location-based application. 
Besides, the location based application will have to check that the location-related integrity data provided by the position integrity function satisfies the conditions of operation that the application has in its current operation mode, so this means that the location-related integrity data should be compatible with the conditions of operation required by the application in order to allow a proper comparison.
Location System
Location-Based Application
Location-related integrity data
(compatible with the conditions of operation required by the application)
Position Integrity Function
Conditions of Operation
Measurements
System Data


Thus, the location-related integrity data is the interface between the location system and the location-based application.

The next step is to describe the location-related integrity data exchanged between the location system and the location-based application. 
The way to measure the level of trust that can be placed in the location provided by the location system is to define 
From a statistical point of view, the way to measure the level of trust that can be placed in the estimated location is to also estimate the statistical distribution of the positioning error associated to the estimated position. With this statistical distribution of the positioning error it is possible to define the space region (volume for 3-D positioning, area for 2-D positioning or one-dimensional range for 1-D positioning) that is expected to contain the true position for any desired probability. 

Estimated Position
True Position
Estimated space region containing the true position with a certain probability P

Then we can state that:

which is equivalent to say:


However, do not forget that the statistical distribution of the position error is being estimated, so the above probability statement will hold as long as the estimated error distribution overbounds the actual error distribution at that level of probability.
The estimated error distribution overbounds the actual error distribution at the probability P when, being  and  defined as:


 is lower than :

That is, when the space region that we would obtain if we knew the actual error distribution is contained within the estimated spatial region.
In principle the integrity concept does not constraint the shape of the space region containing the true position to any specific form. Nevertheless, each implementation of the integrity concept may define the space region in some specific way or form, thus leading to some differences in the way in which the region is defined between different applications. 
The position integrity concept was firstly developed and formalized in the aviation field for Safety-of Life (SoL) applications [3]. In the aeronautical implementation of the integrity concept the space region containing the true position is defined as a cylinder. A circle in the horizontal plane (the plane tangent to the WGS-84 ellipsoid), with its center being at the estimated horizontal position and a range in the vertical dimension with its center at the estimated vertical position. The radius of the circle in the horizontal plane is defined by the HPL and half of the height of the cylinder by the VPL.
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While in the automotive sector, mostly focused on the horizontal positioning, we can find applications where the space region takes the form of circles defined by the HPL values and others where it takes the form of rectangles defined by across and along PLs.
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Besides, it is important to take into account and explain the conditions of operation required by the location-based application. The location-based application will require the position error to be, with a certain probability, below the largest value (or within the largest space volume) that allows a safe operation. This gives two options to the position integrity function to provide integrity information to the location based application: 
· either it provides the space volume (or area, or range) that bounds the error with the probability required by the location based application and then the application checks if this space volume (or area or range) is within the largest one that can allow a safe operation, 
· or it provides the probability for the largest space volume (or area, or range) allowing safe operation to bound the error and then the application checks if this probability satisfies the required one.
This means that the information provided by the position integrity function shall be in line with the conditions of operation required by the location-based application.

In the aviation field for Safety-of Life (SoL) applications ([3]) the concepts of alert limit (HAL and VAL) and the allowed probability of HMI or target integrity risk are employed to define the largest volume/area/range that can ensure a safe operation. The position integrity function computes the protection levels (HPL and VPL) for the same integrity risk required by the SoL application and the application checks if the protection levels are below the alert limits (HPL<HAL; VPL<VAL) in order to decide whether the operation is safe or not (the system is declared unavailable when HPL>HAL or VPL>VAL).
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This check carried out by the application ensures that the protection level is lower than the alert limit when the system is available. However, by definition there is the probability for the error to be greater than the protection level. An integrity event will happen when the error is not bounded by the protection level, when this happens the error can still be below the alert limit (misleading information) or can be above the alert limit and cause a hazardous misleading information. This is shown in the following figure ([6]).
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The relationship between the accuracy/position error and the integrity/protection level is usefully represented through the Stanford plots or diagrams.
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As mentioned before, the location-related integrity data is the interface between the location system and the location-based application. So two aspects should be taken into account about the conditions of operation and the location-based applications when defining this interface:
· The same location-based application can require different conditions of operation (alert limits and integrity risk) at different moments of operation. So either the integrity info provided by the position location function is compatible with the conditions of all the operation modes or the application has to notify a change in the conditions to the position integrity function.
· One single location system can provide position and integrity information to several location-based applications at the same time (different location-based applications providing services based on the same location, e.g. different ADAS applications on the same vehicle), each with different conditions of operation.
One approach to cope with the different or changing conditions of operation requested by the applications is for the position integrity function to provide a set of protection levels for different integrity risks, thus covering a wide range of conditions of operation. In the end it means to sample the distribution of the estimated error at different points, so a better description of the estimated error distribution is provided.

Location System
Location-Based Application (A)
Location-related integrity data (A)
Position Integrity Function
Conditions of Operation (A)
Measurements
System Data
Location-Based Application (B)
Conditions of Operation (B)
Location-related integrity data (B)
Set of Location-related integrity data for different conditions of operation


Besides, note that the time-to-alert, understood as the maximum allowable elapsed time from the onset of a positioning failure until the equipment annunciates the alert, is another important integrity parameter that the position integrity function has to satisfy and it also depends on the conditions of operation requested by the location-based applications.

Finally, as a summary, of the steps followed in the integrity concept:
1) the position integrity function, using the measurements and system data, computes the protection levels for the integrity risk required by the location based application, 
2) the protection levels are sent to the location-based application
3) the location-based application checks that the protection levels have arrived within the required TTA and that they are lower than the alert limit corresponding to its phase of operation. If any of both checks fails then the service will be declared unavailable.


4 [bookmark: _Ref45424680]Use cases
Positioning services, mainly based on GNSS technology, are being extensively used in the transport domain, typically through dedicated Personal Navigation Devices (PNDs), OEM installed in-vehicle equipment or increasingly through applications running on mobile Smartphones. While many of the transport applications only require the use of standard positioning, some applications require integrity to address the service needs. The following use cases have been identified: 
· Automotive, 
· Rail, 
· Aviation (drones), 
· Maritime, 
· Emergency 
Automotive
The automotive applications that require or benefit most from integrity can be classified into two groups, each one with specific needs to ensure the positioning function is available and reliable:
· Safety enhancing applications
· Liability and Financial Critical applications
Note that a number of applications could fall into more than one category; the categories have been assigned based on the area in which the application is believed to have the biggest effect.
Safety-Enhancing Applications
This is the largest potential group of applications where the availability of precise location data opens the possibility of deploying applications which enhance the safety of the vehicle driver and passengers, as well as other road users. Many of these applications either require, or are further enhanced by integration into both the vehicle environment (e.g. being aware of the outputs of the vehicle’s various on-board sensors) and the road infrastructure (the traffic conditions on the planned route, the position and status of immediately surrounding vehicles). However for the purposes of this study, we will concentrate on the positioning and integrity requirements of these applications. 
Note that most of the applications presented hereafter, as well as others not mentioned which do not require location awareness, fall into the general category of Advanced Driver Assistance Systems (ADAS), a collection of applications which helps the driver with the driving process.
The following table shows some safety-enhancing applications:

	Application
	Description
	Required Navigation Performance

	In-Vehicle Signage / Visual Augmentation
	A Vehicle–to-Infrastructure (V2I) link is used to give information or a warning to a driver of the content of an upcoming roadside sign, including both fixed road signs and variable message signs. This can be extended to inform drivers about other oncoming features of the road such as chicanes, roundabouts, traffic calming installations and road markings such as segregated cycle lanes or bus lanes. This application is often referred to as Visibility enhancement or Visual Augmentation – giving the driver information about situations beyond or outside their direct line-of-sight.
	Accuracy: Low – Medium (0.5-10m). 
For most applications only requires low accuracy to determine which road the vehicle is on, but some specific applications may require on-the-lane medium accuracy, for example warning drivers of specific restrictions in certain lanes.
Level of integrity: Medium. 
A high level of integrity is desirable, but not essential to the operation of this application as it is only informative; a medium level of integrity is sufficient
Output Rate & Latency: High
Needs continuous positioning information to ensure correct information is displayed
Availability: High
Need high availability to ensure appropriate information is displayed for the current location.

	Intelligent Speed Adaptation (ISA)
	ISA is a system that monitors a vehicle’s speed and the speed limit on the road being used and intervenes if the vehicle is detected exceeding the speed limit. This may be the permanent speed limit, or the current speed limit in a variable speed limit area.  The intervention can be advisory where the driver is warned of the excess, or mandatory with automatic control of the driving systems of the vehicle to reduce speed to the prevailing limit. ISA acquires the local speed information by one or more techniques: matching the known position to an on-board digital map that includes speed limit information; receiving a wireless broadcast from a roadside transponder that notifies speed limits and changes to them; or through feature recognition technology that detects and interprets speed limit signs. This application can be considered an extension of in-vehicle signage.
	Accuracy: Medium
On-lane accuracy is required to cope with potential variable speed limits per lane
Level of integrity: High
The implications of incorrect positioning could lead to unsafe speeds as well as increasingly liability concerns
Output Rate & Latency: High
Continuous positioning with low latency is required to ensure correct speeds are selected
Availability: High
High availability required for safety critical nature of the application.

	Road Works Warning
	Carrying out repairs on a live carriageway usually involves temporary speed limits, lane changes, lane merges and contra flow running which are managed by temporary signs and portable physical barriers to divide lanes. A linked vehicle-infrastructure system where each vehicle is location-aware offers much more flexibility, enabling faster reconfiguring of the work zone and allows precise alerts and instructions to drivers regarding lane choices, speeds, too-close following of preceding vehicles etc.
	Accuracy: Low 
Accuracy placing the vehicle on a particular road is sufficient 
Level of integrity: Low
Existing mitigations are sufficient to cope with location errors
Output Rate & Latency: Medium
Periodic updates (up to once/minute) are sufficient for this application
Availability: Medium
Occasional unavailability will not significantly affect the application

	Wrong way driving warning
	Many countries report that the number of drivers travelling in the wrong direction has been increasing. Such incidents frequently lead to serious accidents and create insecurity among other travellers.  Systems have been designed to detect a vehicle driving in the wrong direction on a carriageway (normally caused by a driver entering a road on an exit ramp) and then activating flashing red lights in the road as a warning as well as sending messages and instructions to the driver and approaching drivers via roadside signs, or directly to an in-vehicle display. A number of techniques exist for detecting the wrong-way driver, using either infrastructure-based sensors or in-vehicle detectors. Location awareness is required in both the offending vehicle and oncoming vehicles.
	Accuracy: Low 
Accuracy placing the vehicle on a carriageway is sufficient for both detection and warning.
Level of integrity: Medium
The consequences of incorrect positioning can be significant, so a medium level integrity is required
Output Rate & Latency: High
Wrong way driver events can changes rapidly, so continuous positioning is essential
Availability: High
As above, high availability is required to cope with rapidly changing events

	Vulnerable road user warning
	Pedestrian safety systems can help reduce accidents by alerting drivers that they are approaching a crossing, together with any speed limit changes, then automatically activating in-pavement or overhead lighting to alert drivers that pedestrians are using the crossing. The driver also can be warned of other vulnerable road users in the vicinity such as motorcyclists and cyclists.
	Accuracy: Medium 
Positional accuracy placing a vehicle in a particular lane is required for this application
Level of integrity: High
This is a safety critical application where there must be complete trust in positional accuracy 
Output Rate & Latency: High
As a safety critical application in an environment where all actors are in motion, both continuity and availability need to be high
Availability: High
See above.

	eCall Post crash warning/SOS service
	If sensors in the vehicle detect that a collision has occurred, the vehicle can automatically make a telephone call to the emergency services to give the incident location, and provide some information about the vehicle and its location. The system opens voice and data channels so that the emergency call centre can talk to the driver or any passengers if they are conscious. The post-crash warning part of the application warns drivers when approaching a crashed car either via a message from the crashed car itself or via a following car that detects a crashed vehicle warning ahead.
	Accuracy: Low 
On-road accuracy is sufficient
Level of integrity: Medium
Small positioning errors will not adversely affect the operation of the service
Output Rate & Latency: High
Continuous positioning is essential to ensure the last known position of the vehicle is known prior to an accident
Availability: High
High availability is essential to the operation of the service0

	Traffic jam ahead warning
	In the event of a traffic jam, the infrastructure or the vehicles already stuck in the jam send warning signals to vehicles following them, which helps them to slow down in time. This application is especially useful in low visibility circumstances (e.g. fog, heavy rain, dark etc.).
	Accuracy: Low 
Positioning accuracy placing on a specific road is sufficient
Level of integrity: Low
Occasional inaccuracies are not significant
Output Rate & Latency: Medium
Continuous positioning will increase accuracy and confidence in the service
Availability: Medium
As above, high availability will improve effectiveness

	Hazardous location notification (includes obstacle on surface, car breakdown, low bridge etc.)
	It provides a warning notification about potential hazardous areas when approaching them. These areas statistically have more collisions and incidents, and thus require more attention from the driver. This application would have a particular benefit in dynamic situations such as changing weather conditions. Apart from known hazardous locations like accident black spots and low bridges, more dynamic hazards can include obstacles on the driving surface, broken down cars etc.
	Accuracy: Medium 
On-lane accuracy will give direct warnings of obstacles in the current lane, although for most cases on-carriageway accuracy (low) is sufficient
Level of integrity: Low
Existing mitigations will cope with occasional inaccuracies
Output Rate & Latency: High
Continuous location information required to ensure appropriate hazard warnings
Availability: High
High availability is required to cope with rapidly changing dynamic hazards

	Blue Wave
	An approaching emergency vehicle’s future route is calculated and transmitted to all vehicles on the route. As the vehicle approaches, other drivers are alerted and instructed to clear the lane for the oncoming emergency vehicle. This application relies on accurate positioning of both the emergency and other vehicles.
	Accuracy: Medium 
On-lane accuracy required
Level of integrity: Medium
Will benefit from a medium level of integrity to improve confidence in warnings of oncoming “blue” vehicles
Output Rate & Latency: High
Continuous position required for accuracy
Availability: High
Required to ensure correct warnings

	Curve Speed Warning
	At a tight bend on a road, an approaching vehicle is notified of an appropriate speed for the curve, and/or warned if approaching at an inappropriate speed.
	Accuracy: Low 
On carriageway accuracy sufficient
Level of integrity: Medium
Integrity at medium level will ensure timeous warnings
Output Rate & Latency: High
Required to prevent inappropriate warnings
Availability: Medium
Not essential

	Dangerous Goods Tracking
	A service which enables a (local) government authority, emergency authorities and traffic control centres to monitor vehicles containing dangerous goods and to provide them with emergency routes or instructions as appropriate. The fleet operator and other call centres like police and emergency services have the possibility to track the registered dangerous vehicles by means of a map display. The traffic supervisor defines the dangerous goods vehicle preferred route and in case of an incident he decides on temporary changes to reroute the vehicle in an efficient and safe way.
	Accuracy: Low 
On carriageway position accuracy sufficient
Level of integrity: Medium
Confidence in positioning accuracy is important when tracking dangerous goods
Output Rate & Latency: Low
Gaps in location not an issue, as long as regular updates are available
Availability: Medium
A significant gap in availability could mask a vehicle deviating from route

	Lane change assistant / blind spot warning / highway merge assistant / overtaking vehicle warning / lateral/longitudinal collision warning
	Most vehicles have a ‘blind spot’ behind and to the side of them where an overtaking vehicle is momentarily invisible; in the case of a large truck this space can conceal a car for a short time. These closely related applications monitor movements at the rear and alert the driver to an approaching, overtaking vehicle together with a warning should the driver start to move sideways into the other vehicle’s path. It can also alert the approaching vehicle of the intention of the vehicle in front to change lane or in case of overtaking, it can inform the vehicle being overtaken. These applications are bundled as they all relate to the monitoring of the position of a vehicle and its surrounding vehicles in the driving lanes and warn of the possibility of an impending collision.
	Accuracy: High 
Ideally requires position in lane levels of accuracy
Level of integrity: High
Confidence in position accuracy essential for safety critical applications
Output Rate & Latency: High
Gaps in position reporting can have safety implications
Availability: High
Gaps in availability can have safety implications



Liability and Financial Critical Applications
This grouping includes those applications where GNSS positioning and timing information can be used to support legal or commercial activity. These applications could also benefit from authentication services in addition to positioning integrity.

	Application
	Description
	Required Navigation Performance

	Decentralized Floating Vehicle Data (FVD)
	This service collects real-time or near real-time floating vehicle data, and provides this data, normally in processed form, to other service providers. This type of data is typically used for network monitoring, incident and congestion detection, journey time measurement etc. This data can then be used to monitor the state of the network and to optimise journey times.
The data is often collected from customers of other services, for example on-line dynamic routing services, mobile network providers etc. Normally it is sufficient that only a small percentage of vehicles are equipped (typically <5%) to provide an accurate and up to date indication of the state of the network.
	Accuracy: Low 
On carriageway accuracy is sufficient
Level of integrity: Low
Integrity errors will have little effect
Output Rate & Latency: Medium
Regular position updates are required
Availability: Medium
Significant lack of availability will affect quality of data

	Insurance and financial services
	On-demand and real time interaction with financial and insurance coverage service providers. Typical examples include Pay As You Drive (PAYD) and Pay How You Drive (PHYD) vehicle insurance where insurance premiums are adjusted for the distance and time of driving (PAYD), or in more sophisticated applications adjusted for the style of driving (PHYD) with driver being penalised for driving styles which include harsh acceleration or cornering or excessive speed.
	Accuracy: Medium
On-lane accuracy required as lane occupancy can be a metric in PHYD applications
Level of integrity: Medium
Some financial applications require a reasonable level of confidence in positioning accuracy
Output Rate & Latency: High
High continuity and availability is essential for some applications
Availability: High
See above

	Road User Charging/Tolling
	There is a wide consensus that road user charging is a fair and equitable way to collect taxes from road users. It will address the problems faced by the introduction of new types of vehicle which do not use conventional fuel, and hence are not subject to fuel taxes which form the bulk of government revenue aimed at road infrastructure building and maintenance. Furthermore, using the possibilities of varying charges by Time, Distance, Place (TDP) and vehicle classification, it becomes possible to use road charges as a demand management tool, making more efficient use of existing and precious road space while minimising emissions. Applying distance based charges to all roads is most easily achieved by making use of GNSS-based in-vehicle equipment.
	Accuracy: Medium 
On-lane accuracy required, particularly for the emerging requirement for High Occupancy Toll (HOT) lanes, where the single driver can choose to pay a higher charge to use high occupancy lanes.
Level of integrity: High
A high level of confidence in position is required as reduction in accuracy can have monetary implications.
Output Rate & Latency: High
Continuity required to ensure correct recognition of charging boundaries.
Availability: High
High Availability required to ensure charge objects recognised

	Vehicle management / tracking
	Communication and data processing for assisted management of vehicle fleets, including vehicle maintenance and vehicle tracking. Driver management and transport logistics.
	Accuracy: Low 
Logistics required on-carriageway accuracy
Level of integrity: Low
Position errors can be mitigated by existing strategies
Output Rate & Latency: Low
Regular position updates are sufficient for this application
Availability: Medium
Sustained lack of availability will affect performance



Summary
A complete summary of the road applications and their positioning requirements can be found in [7]. The following table obtained from [7] classifies the applications in three different groups according to the position integrity requirements needed by the different applications:
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Rail
A complete summary of the rail applications and their positioning requirements can be found in [8].
The railway safety standards (EN 50126...EN 50129) clearly prescribe the methodology to be followed over the whole life cycle of a sub-system or component to assure that its safety integrity risk is controlled and maintained under the prescribed level. The classification of the safety integrity is prescribed on 5 levels (from EN 50129):
[image: ]
This table indicates the probability of failure, the safety integrity risk allocated to each of the levels (the figures represent probabilities expressed in events/hour). The classification of SIL makes a distinction between the continuous (high demand) mode of operation and the operation on demand. This distinction takes into account that the operation on demand shall be preceded by an initial check of the element’s fail-less state.
The following table obtained from [8] summarizes the most recent Rail user requirements expressed for a representative sample of Rail applications. The requirements in the table are mostly expressed by ranges of value or qualitative requirements, and tend to simplify the reality. But as of today, they are the only ones recognized by the Rail community – except for the Time To Alarm requirement. The reality is indeed much more fragmented and work is still required to get realistic reflection of the actual user needs.
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According to [8], SUGAST considers three kinds of GNSS augmentation (regional/SBAS; local/GBAS; onboard/RAIM) and three coupling schemes for hybridization (loosely coupling; tightly coupling; ultra-tightly coupling) and defines four different classes of location units (LU).
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The following table provides the performance requirements for the different LU Classes:
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Maritime
A general overview of the maritime requirements is provided in [9]. The International Maritime Organization (IMO) provides in [10] the requirements that systems like GNSS shall satisfy in order to be considered as part of the WWRNS (World Wide Radio Navigation System) of IMO. Integrity is assumed to be provided at system level, that is, the system warns the user about potential failures. In [11] IMO defined the performances that a GNSS system should provide to cover different navigation phases (ocean, coastal, port, etc.) and applications. The defined requirements represent a starting point for future evolutions. [11] defines integrity requirements at user level like TTA, PL and IR (in line with aviation integrity requirements). One comment about [11] is that, although it defines an operation time of 3h for assessing continuity, the document is in the process of being updated to 15 minutes. 
A complete summary of the maritime and inland waterways applications and their positioning requirements can be found in [12]. The following table provides the comparison between the performance requirements provided by IMO (International Maritime Organization), FRP (US Federal Radionavigation Plan), MAR (MARUSE project) and IHO (International Hydrographic Organization).
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With respect to autonomous vessels, their requirements were collected in [12] through surveys and interviews launched to the key players on autonomous vessel navigation.
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Proposal 1: 	Include the identified use cases in clause 9 of TR 38.857.
5 [bookmark: _Ref45424685]KPIs
Integrity related to an estimated position is the measure of the trust that can be placed in the correctness of the information supplied by a navigation system, providing therefore a certain level of reliability or trust in the estimated user location. This concept of integrity was imported from the “safety-critical” aviation services, where an extremely high level of reliability is required. Outside from the aeronautical sector there is a wide range of applications that also require to measure how reliable are the estimated positions, but each one requires different levels of integrity, lower than in aviation. For some of these applications the implementation of an integrity layer is crucial since it can be more important to know whether the information is reliable than the precise information itself, while others still require some level of integrity.
Besides, local effects are the primary cause of signal degradation in cities where most of the users are located. Local environmental characteristics in populated areas due to buildings, trees, etc. increase the multipath and the Non-Line-of-Sight (NLOS) signals which has an impact on the measurement errors and, consequently, on the error of the estimated positions. Hence, having the capability of providing a robust and reliable positioning solution is even more important.
Therefore, the integrity layer provided along with the estimated position is very important for those environments where the local effects become dominant leading to potentially high positioning errors and, in addition, the integrity layer has to be able to cope with a wide range of applications requiring different levels of integrity. Moreover, one application may require different levels of integrity depending on its phase of operation.
One way to implement the integrity layer and provide integrity to an estimated position is by using a protection level (PL) computed for a certain target integrity risk (TIR). The PL is a statistical bound of the error, ensuring that the probability of the absolute position error exceeding the bound value (PL) is smaller than or equal to the target integrity risk (TIR). 
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The PL is usually computed and employed to bound the error in the horizontal position (position projected on the horizontal plane) or in the vertical position (position projected on the vertical axis). These PLs are called HPL and VPL respectively.
Once the PL computed for a certain TIR is provided to the user, then the PL will be compared with the alert limit (AL) associated to the TIR that the user application needs to be satisfied. If the PL is lower than the AL then the user application will use the position, but if the PL is higher than the AL then the application will not use the estimated position. Each user application may require ALs for different levels of integrity, that is, different TIRs.
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It is therefore proposed that the integrity layer will be formed by the following integrity KPIs associated to an estimated position:
· Protection Levels computed for a set of Target Integrity Risks: HPLs and VPLs computed for a set of different TIR values (e.g. TIR = [10-1, 10-2, 10-3, 10-4, 10-5] per hour) so that the user will be able to compare the AL required by the application in its current phase of operation with the PL corresponding to the TIR also required by the application. The set of PLs are computed each epoch and are associated to the position estimated at their corresponding epoch.

· Timestamp: Timestamp of the position associated to the PLs and timestamp of the moment in which the PL was computed. Thus, with these timestamps, the user application will be able to check if its TTA requirement is satisfied. If the PLs arrive too late (latency greater than the TTA required by the application at that moment) then the application will not use the associated position and PLs.

As the values of the required AL and TTA depend on the requirements of the application that is using the positioning information and, as the same application may employ different AL and TIR values at different moments or have different behaviours depending on the AL that is satisfied, the proposed KPIs are flexible enough to cope with the different applications that may be employing the positioning and integrity outputs.

Proposal 2: 	Include the defined KPIs in clause 9 of TR 38.857.
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