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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At the RAN#86 meeting, the study item on NR Positioning Enhancements RP-200928[1] was approved. From RAN2’s perspective, the SI includes the following objectives:

	Study solutions necessary to support integrity and reliability of assistance data and position information: [RAN2]
c. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Identify positioning integrity KPIs and relevant use cases.
d. Identify the error sources, threat models, occurrence rates and failure modes requiring positioning integrity validation and reporting. 
e. Study methodologies for network-assisted and UE-assisted integrity.


In this contribution, we present our views about the positioning integrity KPIs and relevant use cases.
1. Discussion
In TS22.872[2], integrity is defined as
-	Integrity: measure of the trust in the accuracy of the position-related data provided by the positioning system and the ability to provide timely and valid warnings to the UE and/or the user when the positioning system does not fulfill the condition for intended operation.
Integrity is one of the criteria to evaluate GNSS performance, which was firstly introduced in the aviation field. It is a measure of trust which can be placed in the correctness of the information supplied by the total system. This system is called Safety-of-Life (SoL) system. In an SoL system, when the system is not available to achieve the integrity requirements, a warning should be provided to the user(pilot).
In this document, we first analyze the KPIs and use cases for GNSS in the current civil aviation system. Secondly, we identify the use cases that needed to introduce integrity and KPIs which are also appropriate for the wireless system and give an example of how these KPIs work for NR use cases.
KPIs and use cases for the aviation system
For aviation integrity[3], there are four KPIs defined as following:
Alert Limit: The alert limit for a given parameter measurement is the error tolerance not to be exceeded without issuing an alert.
Time to Alert: The maximum allowable time elapsed from the onset of the navigation system being out of tolerance until the equipment enunciates the alert.
Integrity Risk: Probability that, at any moment, the position error exceeds the Alert Limit.
Protection Level: Statistical bound error computed to guarantee that the probability of the absolute position error exceeding said number is smaller than or equal to the target integrity risk.
Let’s suppose the positioning result  X 

where
 is the real location.
.is the random error,  and the probability density function (PDF)[4] is

In this case, we assumed that the PL (Protection Level) is  and should make sure the

The probability is shown as below function and figure 1
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Figure 1 probability density function
The probability that . can be seen as IR(Integrity Risk), which is defined as the probability that  exceeds the confidence interval .
Similar to the PL, the Alarm Limit ( AL ) is the same value, such as , which ask the probability of the region () within a probability P.
It is noted that the value of AL and PL determines the availability of the integrity system
· If ( PL >AL ), the estimate of integrity cannot be assessed, then the integrity system is unavailable;
· And if (),  a false alarm is generated even though 
· If ( PL <AL), the integrity of the estimate is said to be available.
The availability of the integrity system would be analyzed in detail combing with Figure 2.
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Figure 2 The Stanford diagram of PE
When PL > AL, the system is not available and an alert is triggered.(PE-1,PE-2,PE-3).
When PL< AL, the system is available and under integrity protection. (PE-4, PE-5, PE-6, and PE-6 is a dangerous risk)
A use case of the civil aviation system of ICAO(International Civil Aviation Organization) is introduced as an example. It has many typical operations, such as APV-I(Approach procedure with vertical guidance) and APV-II is designed for landing, EN-route is used for aircraft flying on the ocean or continent. And the KPI is different for those different operations.
A typical operation EN-route is described in Figure 3.
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Figure 3 Integrity protection applied in ICAO
The integrity system for EN-route is for protecting the aircraft fly in an area of the route(within the blue line in figure 3), and if the aircraft flies out of the boundary(orange line), an alert is triggered.
the target integrity risk(TIR) is set very low as 1*10-7, so the integrity is high as (1 - 1*10-7) with high light at table 3.7.2.4.1 in ICAO - ANNEX 10 VOL I [5] below.

The Protect Level(PL) is a statistic value calculated by target integrity risk from probability density function which could be taken as a protected route under which the aircraft is safety protected, this is the blue line in figure 3. Its value depends on the TIR calculated by the integrity system.
The Alert Limit(AL) is an absolute value given by application which could be taken as a boundary route that aircraft will be in danger if exceeds the boundary, indicated as an orange line in figure 3. It contains a horizontal alert limit and vertical alert limit which are defined in the table as well. The horizontal alert limit when EN-route is 7.4km when flying on the ocean and 40m when flying on land using APV.The vertical alert limit is not defined when En-route flying and it is 20.0m when in APV-II high light in the table.
The Time to Alert(TTA) is the maximum period when the aircraft first detects its route exceeds the AL until the time it alerts. In the table, it is 5min if the aircraft is in En-route condition like flying on the ocean. It is critical at 6s when the aircraft flying on land[5].
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Observation 1: Alert Limit, Integrity Risk, Protection Level and Time to Alert are KPIs used for the GNSS system in aviation.
Observation 2: the value of Alert Limit, Integrity Risk, Protection Level, and Time to Alert are KPIs is different for the different operation in aviation.
Use cases and KPIs for NR
Centimeter-level positioning is introduced in NR. And integrity is becoming more and more important nowadays, for example, in many application areas, integrity is one of the key requirements and even defined as the industrial standards. Therefore, for commercial use cases requirement in NR, integrity needs to be introduced.
But for the NR system, there are many use cases and different from aviation use cases. In this section, we should identify which use cases in NR is needed to introduce integrity and those KPIs.
The use cases of positioning are defined at TS22.872[2] as below
Table 6.1-1 – Use cases synthesis
	Use cases
	Potential requirements per use cases

	
	Environment of Use
	Position Accuracy
	Velocity
	Avail.
	Update rate or interval
	TTFF(Time to First Fix)
	Latency
	Other KPI

	5.2.1
	Bike sharing
	5G positioning service area - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	

	
	
	Enhanced positioning area - Outdoor
	0.2m Horizontal
	
	99 %
	
	10s
	1s
	

	5.2.2
	Augmented Reality
	Outdoor - 5G positioning service area
	1-3m Horizontal
0.1-3m Vertical
	2 m/s
 10deg.
	80 %
	1 - 10 Hz
	10s
	1s
	Low Energy

	5.2.3
	Wearables
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	90 %
	30s - 300s
	10s
	
	Power saving mode

	
	
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	99 %
	1s - 30s
	10s
	1s
	Normal mode

	5.2.4
	Advertisement push
	5G positioning service area - -Outdoor/Indoor
	3m Horizontal
3m Vertical
	
	90 %
	
	
	60s
	

	5.2.5
	Flow management
	Enhanced positioning- Outdoor/Indoor
	10m Horizontal
	
	80 %
	10s
	10s
	
	

	5.3.1
	Person and medical equipment location in Hospital
	Enhanced positioning- Outdoor/Indoor
	3m Horizontal
2m Vertical
	
	99 %
	
	
	60s
	

	5.3.2
	Patient location
(outside Hospital)
	5G positioning service area 
Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	99 %
	
	
	
	

	5.3.3
	Trolley
	Enhanced positioning- Outdoor/Indoor
	0.5m Horizontal
1-3m Vertical
	
	99 %
	
	
	20ms
	

	5.3.4
	Waste management
	5G positioning service area - Outdoor
	3m Horizontal
	
	99 %
	2h - 1 day
	
	60s
	Very low energy (15 years)

	5.4.1
	Emergency call
	5G positioning service area 
Outdoor/Indoor
	50m Horizontal
3m Vertical
	
	95 %
	
	30s
	60s
	Reliability/
Confidence

	5.4.2
	Accurate Positioning for First Responders
	Outdoor
	1m Horizontal, 
0.3 m Vertical
	
	98 %
	
	10s
	5s
	MCX Confidence
Event-triggered report

	
	
	Indoor
	1m Horizontal, 
2 m Vertical
	
	95 %
	
	10s
	1s
	

	5.4.3
	Alerting nearby emergency responders
	5G positioning service area Outdoor/Indoor
	50m Horizontal
3m Vertical (floor)
	
	99%
	
	10s
	
	Privacy, scalability, cross operator

	5.4.4
	Emergency equipment loc. outside hospitals
	5G positioning service area Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	95%
	
	10s
	
	Extended sleep periods

	5.5.1
	Traffic Monitoring & Control
	5G positioning service area - Outdoor
	1-3m Horizontal
2.5m Vertical
	
	95 %
	10 Hz
	10s
	30ms
	Antispoofing
Antitampering

	5.5.2
	Road User Charging
	5G positioning service area - Outdoor
Enhanced positioning-Tunnels
	<1m (across track)
3m (along track)
	2 m/s
	99 %
	1 Hz
	10s
	
	Antispoofing
Antitampering

	5.6.1
	Asset tracking and management
	5G positioning service area - Outdoor
	10-30m Horizontal
	5 m/s
	99 %
	300s-1day
	
	
	20 mJ/fix (average), Antispoofing, Antitampering, support for "out of coverage" positioning

	
	
	Enhanced positioning - Outdoor
	1m Horizontal
	
	99 %
	1s
	1s in enhanced positioning area
	
	

	5.7.1
	UAV
(Data analysis)
	5G positioning service area - Outdoor
	0.1m Horizontal
0.1m Vertical
	0.5 m/s
2 deg.
	99 %
	
	10s
	
	Low Energy, Antispoofing, Antitampering

	5.7.2
	UAV (Remote control)
	5G positioning service area - Outdoor
	0.5m Horizontal
0.3m Vertical
	
	99 %
	
	
	150ms
	Antispoofing
Antitampering

	
	
	Enhanced positioning area - Outdoor
	0.5m Horizontal
0.1m Vertical
	
	99.9 %
	
	
	150ms
	Antispoofing
Antitampering

	5.8.1
	Support multiple different location service
	5G positioning service area - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	Management of different KPI and positioning services

	
	
	Enhanced positioning area - Indoor
	0.1m Horizontal
	
	99 %
	
	10s
	1s
	

	5.8.2
	Support location method negotiation
	5G positioning service area Outdoor/Indoor
	
	
	
	
	
	
	Support + negotiation of positioning methods (incl. hybrid)

	Note: most use cases also feature potential requirements on modes of operation, intended for the UE, the Network or for the 5G system.


Time to First Fix (TTFF) describes the time and process required for a GPS device to acquire enough satellite signals to provide accurate navigational information. The word "fix" here means "position."
Before analyzing, it is worth noted that the avail (80% to 99%) is not the integrity and 20%(1-80%) to 1%(1-99%) is not the TIR in the table. On the same hand, the accuracy is not the alert limit. To avoiding misunderstanding, let’s explain accuracy and integrity.
The integrity in the aviation field is defined from 99.999% to 99.9999999%. The intention behind this is to keep the probability of hazardous situations extremely low, which means the plane always flies in the route(within PL or AL scope). It will warn if it exceeds the boundary. And the probability of warning is very low, such as 1-99.9999999% to 1- 99.999%. While accuracy and availability are used to illustrate the one-shot positioning result. For example, for 5.4.1 Emergency call in this table, the availability is 95%, and accuracy is 50m, it represents that the positioning system output a positioning result (such as ), and the probability is 95% that the error of the real location and  is less than 50 m.
One example of the NR positioning use case introduces the integrity KPIs and how to do these integrity KPIs work is 5.5.1 traffic control:
[image: ]
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Figure 4 integrity example of traffic monitoring & control
The accuracy is 1-3m in this case. For fault-tolerance purposes, the alert limit can’t be set at exactly 3m, otherwise, 5% dangerous of risk is out of control. One of the purposes of introducing integrity is to improve confidence in the estimated position[6]. If we move the tolerance accuracy to 4m, we may find that 99.999% of the position falls into the [ -4, 4 ] area. If we move it to 5m, the integrity may be higher at 99.99999%. But higher is not better. High integrity also means high false alarm described in session 2.1 in this document ().
[image: ]
Figure 5 false alarm
In this example, if the integrity is 99.999%, so the target integrity risk is 0.001%, by a large amount of data analysis we could calculate the PL is 4m. Protect Level(PL) value depends on the integrity requirement and the methodology we do positioning.
If the traffic Monitoring & control system requires AL as 5m:
· AL>PL, the integrity system is available. 
If the traffic Monitoring system requires AL as 3m:
· AL<PL, the integrity system is not available.
According to the above cases, we have found that the value of PL needs a large amount of data to confirm and to get these redundancy data, the user may need to follow some regular route to move. Currently, integrity is used at Safety-of-Life (SoL) system and Automotive Safety Integrity Levels (ASILs) systems that are for aircraft, road, highway, and rail, the common ground are they all follow some regular route and possible to collect redundancy data.
Base on the analysis above, then we combine the use cases in table 6.1-1 in TS22.872[2] and IIoT positioning Service Performance Requirements in 8.1.7 of TS 22.804[7], list the use cases that adopt to introduce integrity. 
Table 2.2-1
	Use case
	Regular route
	Date collection
	Integrity Adaptable

	Bike sharing
	Fixed parking area

	Yes
	only adopt to parking operation

	Augmented Reality
	NO
	NO
	NO

	Wearables
	NO
	NO
	NO

	Advertisement push
	NO
	NO
	NO

	Flow management
	NO
	NO
	NO

	Person and medical equipment location in Hospital
	NO
	NO
	NO

	Patient location
(outside Hospital)
	NO
	NO
	NO

	Trolley
	YES
	YES
	YES

	Waste management
	YES
	YES
	YES

	Emergency call
	NO
	NO
	NO

	Accurate Positioning for First Responders
	NO
	NO
	NO

	Alerting nearby emergency responders
	NO
	NO
	NO

	Emergency equipment loc. outside hospitals
	YES
	YES
	YES

	Traffic Monitoring & Control
	YES
	YES
	YES

	Road User Charging
	YES
	YES
	YES

	Asset tracking and management
(out of coverage" positioning)
	YES
	YES
	YES

	UAV
(Data analysis)
	part operation
	YES
	Part operation

	UAV (Remote control)
	part operation
	YES
	Part operation

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	YES
	YES
	YES

	Mobile control panels with safety functions ( non-danger zones 
	YES
	YES
	YES

	Augmented reality in smart factories 
	NO
	NO
	NO

	Process automation – plant asset management 
	YES
	YES
	YES

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems) ) 

	YES
	YES
	YES

	Inbound logistics for manufacturing (for storage of goods)
	YES
	YES
	YES

	Flexible, modular assembly area in smart factories (for autonomous vehicles (only for monitoring proposes))
	YES
	YES
	YES

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	YES
	YES
	YES


From the above analysis, we observe that almost all the use cases in IIOT can apply integrity. They have the same characteristic:
· follow a regular route or a fixed area(in a factory, on the assembly line, in a warehouse)
· high accuracy requirement
· possible to collect analysis data by factory automatic system.
Only part of the positioning use cases can apply integrity:
· Trolley
· Traffic Monitoring & Control
· Road User Charging
· UAV
· Out of coverage positioning 
They are all following the same rule as above. All the KPIs in session 2.1 are adaptable to the above use cases. Thereafter, IIOT, V2X, automation, and related navigation use cases should be treated priority.
Observation 3: Integrity is adaptable to almost all the use cases in IIOT.
Proposal 1: Integrity is adaptable to the use case which follows the regular routes and is possible to collect user data.
Proposal 2: Alert Limit, Integrity Risk, Protection Level, and Time to Alert should be introduced as integrity KPIs for NR positioning.
Proposal 3: IIOT, V2X, automation-related navigation use cases should be treated priority.
2. Conclusion
[bookmark: _GoBack]Based on the discussion, we observe and propose the following:
Observation 1: Alert Limit, Integrity Risk, Protection Level and Time to Alert are KPIs used for the GNSS system in aviation.
Observation 2: Integrity needs to be introduced for NR positioning, but only for use cases follow regular routes, and the routes data can be collected.
Proposal 1: Integrity is adaptable to the use case which follows the regular routes and is possible to collect user data.
Proposal 2: Alert Limit, Integrity Risk, Protection Level, and Time to Alert should be introduced as integrity KPIs for NR positioning.
Proposal 3: IIOT, V2X, automation-related navigation use cases should be treated priority.
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Table 3.7.2.4-1  Signal-in-space performance requirements

Accuracy Accuracy

horizontal vertical

95% 95% Integrity ‘Time-to-alert Continuity Availability

Typical operation (Notes 1and3)  (Notes 1 and 3) (Note 2) (Note 3) (Note 4) (Note 5)
En-route 3.7km N/A 1-1x107h  5min 1-1x10%h 0.99 to

(2.0NM) tol-1x10%  0.99999
En-route, 0.74 km N/A 1-1x107h 15s 1-1x10"h 0.99 to
Terminal (0.4 NM) tol-1x10"%h 0.99999
Initial approach, 220m N/A 1-1x107h 10s 1-1x10"h 0.9 to
Intermediate approach, (720 ft) tol-1x10%  0.99999
Non-precision approach (NPA),
Departure
Approach operations with 16.0m 20m 1-2x107 10s 1-8x10° 0.9 to
vertical guidance (APV-I) (52 ft) (66 ft) in any perl5s 0.99999

approach
Approach operations with 16.0m 80m 6s 1-8x10° 0.99 to
vertical guidance (APV-II) (52 ft) (26 ft) perl5s 0.99999
Category I precision approach 16.0m 60mtod0m 1-2x107 6s 1-8x10° 0.9 to
(Note 7) (52 ft) (20 ft to 13 ft) in any perl5s 0.99999
(Note 6) approach

NOTES—

1. The 95th percentile values for GNSS position errors are those required for the intended operation at the lowest height above threshold (HAT), if
applicable. Detailed requirements are specified in Appendix B and guidance material is given in Attachment D, 3.2.

2. The definition of the integrity requirement includes an alert limit against which the requirement can be assessed. For Category I precision approach, a
vertical alert limit (VAL) greater than 10 m for a specific system design may only be used if a system-specific safety analysis has been completed.
Further guidance on the alert limits is provided in Attachment D, 3.3.6 to 3.3.10. These alert limits are:
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