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1 [bookmark: _Ref45424608]Introduction
A revision of the “NR Positioning Enhancements” work item was approved in RAN#91-e ([1]) including the following objective:
	· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· The assistance information that will be used to support integrity determination
· The information that will be used to provide the positioning integrity KPIs and integrity results
· Support of integrity for UE-based and UE-assisted A-GNSS positioning.
[bookmark: _Hlk67595233]Note: This objective is applicable to NR and E-UTRA.



This contribution discusses options for mathematically bounding the GNSS errors (define information about the statistical distribution of errors).
2 Integrity concepts at different levels
[bookmark: _GoBack]In this section we recap several integrity concepts first introduced in R2-2105985. For some of the integrity levels, there is no specifications impact on LPP while for other levels a simple extension of existing IEs could suffice. Furthermore, R2-2108024  discusses the existing GNSS feared events and whether LPP needs additional modifications to deal with them.
2.1. Basic system-level integrity: potential satellites and signals faults
Satellites can suffer HW failures and therefore enter into a mode in which they cannot broadcast a signal altogether for a period of time or permanently, depending on the magnitude of the issue. In situations like this, the health of the GNSS satellite(s) and the signal(s) must be communicated to the UE in real-time. Outside of 3GPP, this is achieved by using flags in the message broadcast by SBAS systems or directly that particular GNSS constellation.
	3GPP: Is there already a solution in LPP?
Yes, the GNSS-RealTimeIntegrity IE. This is the most basic form of integrity capability.


2.2. [bookmark: _Ref71303868]Basic user-level integrity
Besides the GNSS-RealTimeIntegrity IE, additional integrity information can be provided by server in the shape of User Range Accuracy – URA (deals with signal-in-space integrity information). The term URA, employed in LPP (navURA and GNSS-SSR-URA), provides the signal-in-space integrity information and is related to satellite orbit and clock errors. Thus, navURA is the signal-in-space accuracy after using the satellite orbits and clock information provided in the GNSS navigation message and GNSS-SSR-URA is the signal-in-space accuracy after applying the SSR corrections. The URA is based on the past/historic statistics of a given satellite and is provided for the worst user location (WUL) on the Earth (the location that leads to the highest ranging error when projecting the orbit and clock errors to the line-of-sight). As it is based on past/historic data, without considering the current orbits and clocks, the URA is an a-priori estimation of the signal-in-space ranging error at WUL and is conservative with respect to the actual signal error because it´s valid for several hours at the expense of resolution.
	3GPP: Is there already a solution in LPP?
Yes, the navURA fields and GNSS-SSR-URA IE.



2.3. [bookmark: _Ref71303872]Uncertainty of the ranging measurement
In this level, information about the statistical distribution of GNSS errors would need to be defined and included in appropriate LPP IEs. By bounding each error source one could also enable the overabounding the total uncertainty of the ranging measurement. The main advantage of this concept is the fact that this is a pre-requisite of any integrity algorithms (which should stay an implementation choice and not subject of specification work in 3GPP). This integrity information can be provided as quality indicators with the SSR correction data – see R2-2105985 and R2-2106085.
Therefore, as described schematically below, the positioning integrity results e.g. PL and the achievable performance is dependent on the knowledge of the uncertainty of every single GNSS errors, which, when summed up, translate to the uncertainty of the ranging measurements.

Figure 1. Relation between ranging measurements, integrity algorithms, and error bounds (PLs) for a certain TIR
Strategies for overbounding the GNSS errors 
As described in Appendix A of R2-2105985 the Gaussian distribution (described by two parameters: mean and standard deviation) is the most used statistical distribution when dealing with navigation errors. The assumption that GNSS errors sources are assumed to have a zero mean Gaussian probability density function (in the absence of failures) has been instrumental in the development of real-life systems as it allows for a relatively simple metric for trade-off purposes in system designs, and has been the basis for the design of almost all algorithms in GNSS-based systems. Despite all the benefits introduced by this implication, it is important to acknowledge that most of the GNSS errors do not follow a Gaussian distribution, multipath being one error source which deviates from this distribution due to its random nature. Moreover, error sources not always have zero means, especially not when observed over a relatively short period of time.
Observation 1.  By assuming that GNSS errors follow a Gaussian distribution one can bound each error by two parameters: mean and standard deviation. On top of this ground layer, more parameters could be added: time correction of GNSS errors from epoch to epoch, etc. as explained in R2-2106105. Short-term or long-term biases could also be considered to help in describe the variation of errors over time.
Proposal 1.	Add at least the quality indicator (standard deviation or variance) to each GNSS SSR IE in the Rel17 of LPP. Additional parameters are FFS at this moment.
Proposal 1, if adopted, would one to estimate the total uncertainty of measurements performed  by the UE to each visible ith satellite by using the following formula:
       (1)
        (2)
Where
	Quality indicator
	Meaning
	Observation

	
	Total uncertainty for measurements obtained from satellite i. Is formed by the summary of the total error budget affecting a pseudorange from the user's point of view, including the signal in space ranging error called URE (User Range Error), the atmospheric effects (due to the Ionosphere and Troposphere), the impact of local environment (e.g. multipath) and the quality of the receiver.
	

	
	Uncertainty of the combined orbit, clock, and bias corrections. Could also be expressed as 
	These terms are derived in real time based on measurements collected at stations part of GNSS CORS reference network.

	
	Uncertainty of the ionosphere model
	

	
	Uncertainty of the troposphere model
	

	
	Uncertainty of the measurements in the given environment and receiver noise. Multipath is the dominant term here.
	It is computed by the UE. Is perhaps the most difficult to determine as the value is dependent on UE environment, multipath, possible spoofing and jamming, and measurement quality.



Specification impact for UE-based:
· Possible extension of GNSS-SSR IE with additional fields, representative to the quality of each GNSS error here modelled as SSR: GNSS-SSR-OrbitCorrections, GNSS-SSR-ClockCorrections, GNSS-SSR-CodeBias, GNSS-SSR-PhaseBias, etc. Alternatively, a new IE collecting quality indicators flags for all GNSS SSR IEs could be defined.
Specification impact for UE-assisted:
· Possible extension of GNSS-Measurement IE with additional fields, if any identified, or improvements to existing fields (e.g., improve resolution of mpathDet to achieve better granularity).
· The 37.355 includes period reporting of Assistance Data with direction from LMF to UE. It is not clear whether periodic reporting of measurements from UE to LMF is also supported. According to our interpretation of existing LPP, UE-assisted positioning seems to be snapshot based. This may not be enough for all possible applications in IIoT, Railway, and Road where the LCS client is outside the UE.
[bookmark: _Ref71561841]Observation 2.	Periodic reporting of measurements from UE to LMF needs enabled (if not already supported).
2.4. Complex integrity concepts
The concepts discussed above may not be sufficient to address the most stringent TIR levels and new IEs, addressing the feared events identified during the study phase, will be needed in several instances. They are not the object of this document.
3. Conclusions
In this contribution, we have proposed a starting point for an integrity concept applicable UE-based and UE-assisted methods.
Observation 1.  By assuming that GNSS errors follow a Gaussian distribution one can bound each error by two parameters: mean and standard deviation. On top of this ground layer, more parameters could be added: time correction of GNSS errors from epoch to epoch, etc. as explained in R2-2106105. Short-term or long-term biases could also be considered to help in describe the variation of errors over time.
Observation 2.	Periodic reporting of measurements from UE to LMF needs enabled (if not already supported).
Proposal 1.	Add at least the quality indicator (standard deviation or variance) to each GNSS SSR IE in the Rel17 of LPP. Additional parameters are FFS at this moment.
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