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1 Introduction
The Rel17 SID on NR Positioning has the following objective [1] :
1. 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 potential methodologies that can be applied for supporting network-assisted and UE-assisted integrity for positioning targeted for Rel-17

2 Discussion
For supporting the positioning requirements of commercial use cases and verticals, Rel-16 has added the support of new NR positioning reference signals (DL PRS and UL SRS for positioning (SRSp)) and different RAT-dependent positioning methods based on NR signals:

· Timing-based methods: Downlink Time Difference of Arrival (DL-TDOA), Uplink Time Difference of Arrival (UL-TDOA) and Multi-Round Trip Time Positioning (MT-RTT)
· Angle-based methods: Downlink Angle-of-Departure (DL-AoD) and Uplink Angle of Arrival (UL-AoA)
· NR enhanced cell ID (E-CID) methods
The use of different positioning methods may result in different positioning accuracy (ranging from < 10m to < 3m) and end-to-end latency (<1s). In comparison to the Rel-16 positioning requirements, Rel-17 targets more stringent positioning accuracy and latency requirements for supporting more diverse commercial use cases: 

· Positioning accuracy ranges from < 1 m for general commercial use cases to < 0.2 m for IIoT Use Cases

· Target latency requirements is set to < 100 ms and for some IIoT use cases, latency in the order of 10 ms is desired
Rel-17 also targets to support high integrity and reliability in addition to high accuracy. Integrity is defined in the SID as the measure of trust that can be placed in the correctness of information supplied by a navigation system. Integrity includes the ability of a system to provide timely warnings to user receivers in case of failure. 
From the definition, it can be inferred that integrity is related to the confidence level that can be placed on the positioning measuremnet and the amount of deviation/error from the actual position tolerated when determining the positioning information. 
In use cases such as guided vehicles and industrial robots, the positioning information (e.g. coordinates) of the devices are used for navigation and machinery control related tasks. In these use cases, correctness of the positioning information within the tolerance level allowed by the application or LoCation Service (LCS) [2] is highly critical to ensure safe operation. In other commercial use cases such as fleet management and asset tracking, it is also important to ensure that the reported positioning information is not tampered or contain misleading data, which may possibly adversely impact the service.      

2.1 Modelling of integrity for positioning
From the Rel-17 targets, positioning requirements consists of components in both spatial dimension (e.g. horizontal, vertical) and temporal dimension (latency for determining positioning). In this regard, the positioning error can be interpreted as the inability to perform positioning measurement within a given accuracy and within a time constraint. 

Based on the defination provided in SID, a similar interpretation can be used for modeling integrity as a function of location accuracy and timeliness for determining the UE position. As an example, considering an actual position of a UE given by P and the position determined when using a positioning method i given by Pi, the error in the positioning can be calculated as E = |Pi  – P|. For a positioning service provided to an LCS client, the positioning error can be determined as E’ = |Pa – P|, where Pa is the positioning information tolerated by the application. For ensuring integrity it is necessary for the positioning error incurred when using a positioning method is within the error tolerated by the application, E ≤ E’. Typically, this condition can be considered as the expected operation for positioning. In the event of a failure where the positioning error exceeds the error tolerated by the application (i.e. E > E’), as per the requirement for integrity, it is necessary for the application/LCS client to be provided with alert/warning messages. 
The design objective of positioning service, which may be to minimize the probability of positioning failure when using a positioning method i, is given by min[ Fi ]= min[ Pr(E > E’) ]. The probability of positioning failure can be modelled as Fi = f(DRS,M,T), where DRS represents the factors related to the design of the RS (e.g. RS density, bandwidth), M represents the measurement related factors at UE/RAN (e.g. link quality of PRS/SRS for positioning) and T is the time duration for determining the UE position. In the case when different positioning methods are used, the overall probability of positioning failure can be approximated as (Fi)n where n is the number of different positioning methods applied. From the model, it can be inferred that to minimize the positioning errors/failure and consequently, to ensure integrity, either the probability of failure of a given positioning method should be minimized or multiple positioning methods should be applied.  
In general, the tolerated error may vary depending on the application/use case, where it can be assumed that safety related use cases may have more stringent integrity requirements. In real deployments, it is possible for the performance of a positioning method (e.g. DL-AoD) to degrade and impact the positioning accuracy due to the presence of multipath or beam alignment error. In these cases, a mechanism to identify the presence of positioning error while the measurements of the positioning RS are being made in UE or RAN and to validate the determined positioning information with respect to an alternative/reference positioning information may be considered. 
Observation 1: For ensuring integrity, a mechanism for detecting presence of error and validating the correctness of the positioning information should be considered
2.2 Mechanism for ensuring integrity of positioning 

In DL based positioning methods based on PRS measurements (e.g. DL-TDoA), the positioning information of the UE is determined based on the measurement report sent by the UE. Likewise, in UL based positioning methods based on SRS for positioning (SRSp) measurements (e.g. UL-TDoA), the positioning information of the UE is determined based on the measurement report sent by serving gNB. 
For minimizing positioning failure conditions, a mechanism where the UE or RAN can detect the presence of positioning related errors, prior to the calculation of positioning information, may be considered. In the case of UE assisted integrity, the UE may be configured (e.g. in assistance information) to detect conditions that can results in loss in positioning accuracy when measuring DL PRS. Similarly, in network assisted integrity, the RAN may detect the conditions causing positioning errors when making measurements on the UL SPSp. Upon detecting the positioning errors, the UE or RAN may send alert/warning message to LMF or higher layers in UE indicate potential positioning failure conditions. 
For ensuring integrity, a mechanism for integrating different positioning methods can be considered. As an example, in UE-based positioning, where the positioning information is determined by UE using the measurements of DL PRS and the assistance information on coordinates of the gNBs/TRPs, the network can provide with an alternative positioning information to the UE. In this approach, the RAN may provide the alternative positioning information of the UE determined based on the measurement of a SRSp configuration transmitted by UE. In the case of UE assisted integrity, the UE may use the positioning information determined both via GNSS and RAT dependent positioning methods for validation and improving the confidence level/accuracy of the positioning information. When the UE or RAN provides the positioning information to the LMF or higher layers, different identifiers/tags may be used to identify the different positioning methods applied for determining the positioning information.    
Observation 2: The potential areas for further study for ensuring integrity of positioning are the following: 

· Signalling for configuring in UE and RAN the conditions for detecting positioning related errors and procedure for triggering alert/warning messages

· Signalling for configuring the support of alternative positioning methods and procedure for triggering the use of alternative positioning methods 
Proposal 1: 
RAN2 should study mechanisms that can be supported at UE and RAN for detecting positioning errors and improving accuracy of positioning information 
2.3 Mechanism for recovering from potential positioning failure condition 

Another important aspect that can be considered for integrity is the ability to recover to the expected positioning operation upon detecting a potential failure condition. This aspect may be beneficial in safety related use cases (e.g. guided vehicles), where it is vital to ensure the determined positioning information is always within the tolerable level during operation. 
For enabling recovery from a positioning error, a recovery time duration may be provided by the higher layers (e.g. in assistance information) to UE or RAN. The recovery time duration, in this case, can be considered as requirement associated with the integrity. The recovery time duration may be application dependent. For example, for automatic guided vehicles delivering assets in a factory, recovery time and associated actions (e.g., pause until accurate position is acquired) may require a strict requirement for recover time. When a positioning error is detected at RAN or UE, a procedure to correct the positioning error within the recovery time duration may be triggered. 
In the case of network assisted integrity, a recovery mechanism where the RAN may indicate to UE the detection of positioning error and trigger the use of different configuration for PRS/SRS may be considered. Likewise, in the case of the UE assisted integrity, a mechanism to allow the UE to indicate to RAN the detection of the positioning error and request the use of a different positioning method or a different configuration for PRS/SRS (e.g. on-demand) may be considered. 

When recovery to the expected positioning operation is not possible within the recovery time duration, alert/warning messages may be generated and sent by the UE or RAN to the LMF/higher layer function in UE for indicating the positioning failure condition.
Observation 3: The potential areas for further study for recovering from potential positioning failure condition are as follows: 

· Signalling for configuring in UE and RAN the recovery time duration associated with integrity

· Procedure for recovering from positioning errors within the recovery time duration
Proposal 2: 
RAN2 should study mechanisms that can be supported at UE and RAN for recovering from positioning errors 
Conclusion
In this contribution, the following observation were made on: 

Observation 1: For ensuring integrity, a mechanism for detecting presence of error and validating the  correctness of the positioning information should be considered
Observation 2: The potential areas for further study for ensuring integrity of positioning are the following: 

· Signalling for configuring in UE and RAN the conditions for detecting positioning related errors and procedure for triggering alert/warning messages in failure conditions

· Signalling for configuring the support of alternative positioning methods and procedure for triggering the use of alternative positioning methods 
Observation 3: The potential areas for further study for recovering from potential positioning failure condition are as follows: 

· Signalling for configuring in UE and RAN the recovery time duration associated with integrity

· Procedure for recovering from positioning errors within the recovery time duration
Based on these observations, the following conclusions were made:

Proposal 1: 
RAN2 should study mechanisms that can be supported at UE and RAN for detecting positioning related errors and improving accuracy of positioning information 
Proposal 2: 
RAN2 should study mechanisms that can be supported at UE and RAN for recovering from positioning related errors 
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