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1. Overall Description:
In R17 positioning enhancement, RAN have worked on GNSS integrity with the following conclusions.  More specifically: 
· On the use case and their KPIs of GNSS integrity, it has been captured in Section 9.2 of TR 38.857. 
· On the procedural aspects of GNSS integrity, it has been captured in Section 7.3 of TS 38.305.

[bookmark: _GoBack]The relevant part of spec for TR 38.857 and TS 38.305 have been appended below

2. Actions:
To SA WG1, WG2
ACTION: 
· RAN2 respectfully asks SA WG1/WG2 to take the above into account in their future work.

3. Date of Next RAN WG2 Meetings:
RAN2 #119-e	22– 26 August 2022	Electronic Meeting
RAN2 #120                      14-18 November 2022                 



Section 9.2 of TR 38.857
[bookmark: _Toc65687403][bookmark: _Toc65702271]9.2	Use cases
RAT-Independent GNSS positioning integrity monitoring has a long operational history in the field of civil aviation [38][39][40][41][46]. The positioning integrity framework examined in this study extends beyond aviation, to address a broader suite of use case and architectural considerations for the 3GPP system. These concepts are further illustrated by the use case descriptions and KPIs provided below, including a particular focus on safety-critical and liability-critical applications, requiring the capability to validate the estimated position with greater trust. 
[bookmark: _Toc65687404][bookmark: _Toc65702272]9.2.1	Automotive
[bookmark: _Toc65702273]9.2.1.1	Road-level identification and road-user charging
Positioning integrity is a key input to determining whether a road vehicle is traveling on a highway or a neighbouring access road (e.g., a collector-distributor lane). For example, consider a manufacturer wanting to ensure their Advanced Driver-Assistance Systems (ADAS) only activates when the vehicle is on a highway. This requires the UE to determine with a high degree of positioning integrity which road the vehicle is traveling on, in order to avoid the potential for unintended ADAS functionality on the access road (or conversely to ensure the appropriate functionality has been activated on the highway). The road vehicle may also be subject to road-user charging with fees that vary depending which road is used, also requiring positioning integrity validation. 
Consider an access road that is within 3 metres of a freeway, with a corresponding AL of 3 metres and TIR of 1 x10-7/hr specified by the vehicle manufacturer. The road vehicle connects to a positioning integrity service provider via the mobile network to request UE-Based positioning integrity assistance data. The assistance data is applied by the UE alongside its local positioning measurements in order to compute the real-time PL. So long as the PL remains below the AL, the positioning system is available and functioning as intended, and the road-level identification can be made safely. If the PL exceeds the AL, the impacted positioning system should be declared unavailable on the vehicle and a road-level determination is not possible. For example, a network-detected fault can be flagged in the positioning integrity assistance data, resulting in a larger PL computed by the UE. 
Another important positioning integrity aspect to take into account in road-user charging and other applications (like pay how you drive insurances) is that, because of their intrinsic nature, they have to be robust against attempts to deceive the positioning system. In these types of applications, the driver of the vehicle may be motivated to alter the position of its own vehicle in order to avoid being charged. Hence, the positioning integrity of the vehicle position needs to be ensured by being able to detect these deception attempts, for example by employing anti-tamper equipment and by cross-checking different positioning sources.
[bookmark: _Toc65702274]9.2.1.2	Lane-level identification
The same concepts and methods from 9.2.1.1 also apply to validating the lane in which the vehicle is traveling. Lane change warnings and manoeuvres are a crucial input to enabling various Levels of autonomy [42] which are illustrated in the 5GAA use case requirements [37], such as an AL of 1.5m and TIR of 1x10-7/hr or lower. 
The ability to handle faults almost instantaneously on a road vehicle is absolutely critical in order to recover the situation and avoid a potential collision between lanes. The UE is responsible for monitoring localized events which need to be detected in the shortest time possible, i.e., 'highly dynamic' feared events (e.g., multipath, cycle slips and satellite feared events in the case of GNSS). The network is therefore used to monitor the low dynamic threats, which are less time-critical but still depend on a reliable communication channel with the UE. In the automotive and other 5G positioning use cases, the TTA is also far more stringent (e.g., 100ms in some cases) compared with an aviation TTA of 6 seconds (or slower) for precision approaches. Hence, the low latency of the 3GPP communications presents a strong synergy for supplying positioning integrity assistance data that is secure and assured.
Once again, the positioning system should remain available unless the PL exceeds the AL, in which case the system should be unavailable and the corresponding ADAS functionality on the vehicle disengaged. To avoid an integrity event, any feared event with an occurrence probability higher than the TIR (i.e., >1x10-7/hr) needs to be detected and mitigated within the TTA[footnoteRef:1]. The UE application is typically responsible for issuing alerts to inform the preventative or remedial actions required by the positioning system.  [1:  NOTE: If the lane-level requirement was simply specified by the accuracy estimate (e.g., <1.5m at the 95th percentile), 5% of the estimated positions may still be impacted by feared events which far exceeds the required AL, potentially leading to an integrity event. Positioning integrity KPIs are instead used to define probabilities of failure over a given period of time rather than relying on the combined statistical distribution of the estimated positions (which are potentially contaminated by fault and fault-free events that go undetected). The positioning integrity methodologies allow an positioning integrity risk to be allocated based on the probability of occurrence for each feared event, and then quantified as a contribution to the total TIR. This ensures only the integrity-validated positions are included in the positioning estimate, meaning the nominal accuracy should be easily achieved.] 

If a feared event occurs at the network or UE, the positioning system should be capable of determining its effect on the PL relative to the AL, within the required TTA, such that the position reported by the UE remains fault-free (i.e., even if the fault-free position leads to the system being unavailable). The TTA therefore represents the ability of the system to recover before being impacted by a potential integrity event. For some use cases, the TTA may simply be set to zero depending on the implementation requirements. 
[bookmark: _Toc65687405][bookmark: _Toc65702275]9.2.2	Rail
[bookmark: _Toc65702276]9.2.2.1	Safety-critical applications
Automatic Train Protection (ATP) applications are used to ensure that trains run safely and efficiently on the right tracks with appropriate speed. Automatic Train Protection aims to prevent a train proceeding beyond the point of danger and to prevent the speed of the train exceeding the permissible limit in the event of a driver error. It consists of the safe determination of position, speed and direction of train movement in order to supervise the safe movement of the train up to its stopping point. This application requires the combination of several functions (or lower level applications) which in turn are strongly dependent of the accurate and safe determination of position and speed of the trains. There are many ATP applications where positioning integrity could be employed, among them one can include Enhanced Odometry, Absolute Positioning, Cold Movement Detection, Train integrity and train length monitoring, Track Identification, Odometer Calibration, and Level Crossing Protection.
Emergency Management applications, like the trackside personnel protection (to protect personnel working on or close to the track from the trains using the network) and the door control supervision (to enable the opening of specific doors at particular stations), are also safety-critical applications where positioning integrity will improve the performances and reduce risks.
[bookmark: _Toc65702277]9.2.2.2	Liability-critical applications
Asset Management. The accuracy and confidence on the position needed for the location of the assets in some cases can be demanding and require high precision and reliable surveying. Fixed asset management applications are linked with the railway environment, from the infrastructure surveying and structural monitoring to the trackside equipment. Rolling stock asset management applications are in charge of the vehicles that move on a railway including both powered and unpowered vehicles, for example locomotives, railroad cars, coaches, and wagons. Rolling stock applications include: fleet management, cargo monitoring, infrastructure charging, energy charging and hazardous cargo monitoring.
Protection and Emergency Management Systems. This group includes applications such as trackside personnel protection, management of emergencies and train warning systems. Management of emergencies can be greatly improved if an accurate, reliable and continuous location of the train is available, allowing the emergency teams to optimise their operations. Train warning systems are employed when some railways require a special warning to passengers on a platform when a train is approaching and is expected to pass the platform at a speed greater than a defined level. This application requires reliable details of train location, speed and other infrastructure data, and may result in an automatic station announcement via a public service broadcast.
Traffic Management and Information Systems. This group of applications includes traffic management systems (dispatching), but also on-board train monitoring and recording units, hazardous cargo monitoring and infrastructure charging.
[bookmark: _Toc65687406][bookmark: _Toc65702278]9.2.3	Industrial IoT
In contrast to consumer-oriented Internet of Things (IoT), Industrial IoT (IIoT) use cases predominantly focus on operational, safety, and financially beneficial applications of the IoT ecosystem for businesses, infrastructure, and various industries. IIoT positioning integrity/reliability requirements are essential given various safety, payment, and regulatory critical applications. There are many outdoor IIoT devices/UEs employing GNSS-based positioning in various industries that include, but not limited to: Construction, Agriculture/forestry/fishing (smart farming), Oil/Gas industries, and Smart cities (traffic, electric and water systems, waste management, public safety, schools) derived from [30][45]. The ACIA white paper [47] provides some use cases and requirements on 5G positioning in general. An illustrative example relating to Automated Guided Vehicles (AGV) is provided below.
[bookmark: _Toc65702279]9.2.3.1	Path and zone identification for AGV
Positioning integrity is a key input to determining whether an AGV such as a forklift, in a factory or an open space such as ports or construction buildings, is traveling on the narrow halls within lots of different machinery. Aside from the demanding positioning accuracy, the trust needs to be assigned for the path and the zone of its movements. AGV not running into anything unexpectedly is something that needs to be assured. This requires that the AGV, which is the UE in this use-case, to determine with a high degree of positioning integrity which path it can travel within its defined work task. One can also consider that an industrial scenario can have several different zones in which different levels of positioning integrity can be defined, and hence depending on demand of the works in each zone the positioning methods and positioning integrity KPIs can be defined in respect to those. Once again, the positioning system should remain available unless the PL exceeds the AL, in which case the system should be unavailable and the corresponding AGV functionality on the vehicle is disengaged. The set AL for such use-case depends on how large and how densely equipped the factory is, and hence it is reasonable to assume that it can be set to some value between 0.5m to 3m depending on the controlled area use-case and demands. Further illustration of AGV, which requires support for positioning for tracking, routing and guiding is provided in [47].
[bookmark: _Toc65687407][bookmark: _Toc65702280]9.2.4	Use case summary
Table 9.2.4 is adapted from [35][36] and supplemented by [34][37]. It summarises the typical KPI ranges to be expected on implementation for the Automotive and Rail categories. Importantly, the KPIs are illustrative only; KPIs are typically specified by the positioning system provider on implementation (e.g., a vehicle OEM), taking into consideration the 3GPP and non-3GPP components of the system. 
Table 9.2.4: KPI examples for the Automotive, Rail and IIoT use cases [34][35][36][37].
NOTE: KPIs are defined by the service provider implementation.
	AUTOMOTIVE EXAMPLES

	APPLICATION CATEGORIES
	TIR
	AL
	TTA
	Integrity Availability

	Safety-Critical Applications
-	Warnings (red light, obstacle, queue, curve speed, blind spot lane change, pedestrians etc)
-	Automated Driving (lane-level or better)
-	Emergency Brake Assist
-	Forward Collision Avoidance
	Typical range: 
≥10-8/hr to ≤10-6/hr
	Typical range: ≥1.5m to <5m
	Typically ranges from 100s of milliseconds to <10 seconds
	
Typically ranges from 95% to 99.9% or greater

	Payment Critical Applications
-	Road User Charging (RUC)
-	Pay Per Use Insurance
-	Taxi Meter
-	Parking Fee Calculation
	Typical range: 
≥10-6/hr to ≤10-4/hr
	Typical range: ≥1.5m to <25m
	
	
Typically ranges from 95% to 99.9% or greater

	Smart Mobility 
-	Freight and Fleet Management
-	Cargo/Asset Management
-	Vehicle Access/Clearance
-	Emergency Vehicle Priority
-	Speed Limit Information
-	In-Vehicle Signage
-	Reduce Speed Warning
-	Dynamic Ride Sharing
	
	
	
	

	RAIL EXAMPLES

	APPLICATION CATEGORIES
	TIR
	AL
	TTA
	Integrity Availability

	Safety-Critical Applications 
-	Absolute Positioning
-	Train Awakening
-	Cold Movement Detector
-	Track Identification
-	Level Crossing Protection
-	Train Integrity and Train Length Monitoring
	Typical range: 
≥10-9/hr to ≤10-8/hr
	Typical range: ≥2.5m to <25m
	Typically 
<7s
	
Typically ranges from 95% to 99.9% or greater

	Liability-Critical Applications 
-	Trackside Personal Protection
-	Management of Emergencies
-	Train Warning Systems
-	Infrastructure Charging
-	Hazardous Cargo Monitoring
-	On-Board Train Monitoring and Recording Unit
-	Traffic Management Systems
	TBD
	Typical range: ≥25m to <62.5m
	Typically ranges from seconds to <30s
	
Typically ranges from 95% to 99.9% or greater

	IIOT EXAMPLES

	APPLICATION CATEGORIES
	TIR
	AL
	TTA
	Integrity Availability

	AGV Applications 
-	Mobile device tracking
-	Asset tracking
-	Process automation
-	Inbound logistics
	Typical range: 
≥10-8/hr to ≤10-1/hr
	Typical range:  
≥0.5m to <30m (vertical/horizontal)
	Typically ranges from 100s of milliseconds to <10 seconds
	Typically ranges from 95% to 99.9% or greater




Section 7.3 of TS 38.305
[bookmark: _Toc100832260][bookmark: _Toc52567354][bookmark: _Toc46489001][bookmark: _Toc37338159][bookmark: _Toc29305344][bookmark: _Toc12632650]7.3	Service Layer Support using combined LPP and NRPPa Procedures
[bookmark: _Toc100832261][bookmark: _Toc52567355][bookmark: _Toc46489002][bookmark: _Toc37338160][bookmark: _Toc29305345][bookmark: _Toc12632651]7.3.1	General
As described in TS 23.502 [26] and TS 23.273 [35], UE-positioning-related services can be instigated from the 5GC for an NI-LR or MT‑LR location service, or from the UE in case of an MO-LR location service. The complete sequence of operations in the 5GC is defined in TS 23.502 [26] and TS 23.273 [35]. This clause defines the overall sequences of operations that occur in the LMF, NG-RAN and UE as a result of the 5GC operations.
[bookmark: _Toc100832262][bookmark: _Toc52567356][bookmark: _Toc46489003][bookmark: _Toc37338161][bookmark: _Toc29305346][bookmark: _Toc12632652]7.3.2	NI-LR and MT-LR Service Support
Figure 7.3.2-1 shows the sequence of operations for an NI-LR or MT-LR location service, starting at the point where the AMF initiates the service in the LMF.


Figure 7.3.2-1: UE Positioning Operations to support an MT-LR or NI-LR
1.	The AMF sends a location request to the LMF for a target UE and may include associated QoS, the scheduled location time, target integrity risk and the UE LPP positioning capabilities when available, as described in TS 23.273 [35].
2.	The LMF may obtain location related information from the UE and/or from the serving NG-RAN Node. In the former case, the LMF instigates one or more LPP procedures to transfer UE positioning capabilities, provide assistance data to the UE and/or obtain location information from the UE. The UE may also instigate one or more LPP procedures after the first LPP message is received from the LMF (e.g., to request assistance data from the LMF). If a scheduled location time is provided in step 1, the LMF may schedule location measurements by the UE to occur at or near to the scheduled location time. The LPP procedures to transfer UE LPP positioning capabilities may be skipped if the LMF already obtained the UE positioning capabilities from the AMF in step 1.
3.	If the LMF needs location related information for the UE from the NG-RAN, the LMF instigates one or more NRPPa procedures. Step 3 is not necessarily serialised with step 2; if the LMF and NG-RAN Node have the information to determine what procedures need to take place for the location service, step 3 could precede or overlap with step 2. If a scheduled location time is provided in step 1, the LMF may schedule location measurements by the NG-RAN to occur at or near to the scheduled location time.
4.	The LMF returns a location response to the AMF with any location estimate, protection level and achievable target integrity risk obtained as a result of steps 2 and 3. The LMF may also return the LPP UE capabilities as described in TS 23.273 [35].
NOTE:	The LMF may send a location request to the UE at step 2 containing the scheduled location time sometime before the scheduled location time to allow the UE to enter CM Connected state shortly before the scheduled location time.
[bookmark: _Toc100832263][bookmark: _Toc52567357][bookmark: _Toc46489004][bookmark: _Toc12401780]7.3.3	MO-LR Service Support
Figure 7.3.3-1 shows the sequence of operations for an MO-LR service, starting at the point where an LCS Client in the UE or the user has requested some location service (e.g., retrieval of the UE's location or transfer of the UE's location to a third party).


Figure 7.3.3-1: UE Positioning Operations to support an MO-LR
1.	The UE sends an MO-LR location service request message included in a UL NAS TRANSPORT message as specified in TS 24.501 [29] to the AMF. The MO-LR location service request message may carry an LPP PDU to instigate one or more LPP procedures to transfer capabilities, request assistance data, and/or transfer location information and the scheduled location time, as described in TS 23.273 [35].
2.	The AMF invokes the Nlmf Determine Location Request service operation towards the LMF as specified in TS 29.572 [33] and includes any LPP PDU, the scheduled location time received in step 1 and the UE LPP positioning capabilities when available.
3.	The LMF may obtain location related information from the UE and/or from the serving NG-RAN node. In the former case or if an immediate response is needed to any LPP procedure instigated by the UE in step 1 (e.g., a request for assistance data), the LMF instigates one or more LPP procedures to transfer UE positioning capabilities, provide assistance data to the UE and/or obtain location information from the UE. The UE may also instigate further LPP procedures after the first LPP message is received from the LMF (e.g., to request assistance data or to request further assistance data). If a scheduled location time is provided in step 2, the LMF may schedule location measurements by the UE to occur at or near to the scheduled location time. The LPP procedures to transfer UE positioning capabilities may be skipped if the LMF already obtained the UE positioning capabilities from the AMF in step 2.
4.	If the LMF needs location related information for the UE from the NG-RAN, the LMF instigates one or more NRPPa procedures. Step 4 may also precede step 3 or occur in parallel with it. If a scheduled location time is provided in step 1, the LMF may schedule location measurements by the NG-RAN to occur at or near to the scheduled location time.
5.	The LMF invokes the Nlmf Determine Location Response service operation towards the AMF as specified in TS 29.572 [33] which includes any location estimate, protection level and achievable target integrity risk obtained as a result of steps 3 and 4. The LMF may also return the LPP UE capabilities as described in TS 23.273 [35].
6.	If the UE requested location transfer to a third party the AMF transfers the location, protection level and achievable target integrity risk received from the LMF in step 5 to the third party as defined in TS 23.273 [35].
7.	The AMF sends an MO-LR location service response message included in a DL NAS TRANSPORT message as specified in TS 24.501 [29].
[bookmark: _Toc100832264]7.3.4	Deferred MT-LR Event Reporting Support
Figure 7.3.4-1 shows the sequence of operations for an Deferred MT-LR Event Reporting starting at the point where the UE reports an event to the LMF.


Figure 7.3.4-1: UE Positioning Operations to support a Deferred MT-LR
1.	The UE sends a supplementary services event report message to the LMF as described in TS 24.571 [41] which is transferred via the serving AMF and is delivered to the LMF using an Namf_Communication_N1MessageNotify service operation. The event report may indicate the type of event being reported and may include an embedded positioning message which includes any location measurements or location estimate, protection level and achievable target integrity risk.
2.	If LMF determines no positioning procedure is needed, steps 3 and 4 are skipped.
3.	The LMF may utilize any location information received in step 1. The LMF may also retrieve location related information from the UE and/or from the serving NG-RAN Node. In the former case, the LMF instigates one or more LPP procedures to provide assistance data to the UE and/or obtain location information from the UE. The UE may also instigate one or more LPP procedures after the first LPP message is received from the LMF (e.g., to request assistance data from the LMF).
4.	If the LMF needs location related information for the UE from the NG-RAN, the LMF instigates one or more NRPPa procedures. Step 3 is not necessarily serialised with step 2; if the LMF and NG-RAN Node have the information to determine what procedures need to take place for the location service, step 3 could precede or overlap with step 2.
5.	The LMF invokes an Nlmf_Location_EventNotify service operation towards the GMLC with an indication of the type of event being reported and any location estimate, protection level and achievable target integrity risk obtained as a result of steps 2 and 3.
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