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1 Introduction
A new Study Item item on NR positioning enhancements has been agreed for Rel-17 [1] with the main motivation to address the higher accuracy location requirements resulting from new applications and industry verticals.

The following objectives are defined;

	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.

2. 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 GNSS positioning methods.






[bookmark: _Hlk53995315]At RAN2#111e, the following email disucsison was initiated, [Post111-e][626][POS] Integrity use cases and specification impacts [4].

In this contribution, we discuss some aspects related to the second objective above, integrity and reliability of positioning information including aspects related to the email discussion.
2 Discussion
[bookmark: _Hlk510094111]One aspect of positioning methods introduced in 3GPP is the integrity and reliability of positioning information. It is basically into what extent the system can possibly rely in the measurements or positioning information provided by the UE to the network or location server (LS). Likewise, to what extent can the UE rely on assistance information provided by the network or LS. In this document, we elaborate on the aspect related to information provided by the UE.

Integrity is the measure of trust that can be placed in the correctness of information supplied by a navigation system. Furthermore, integrity also includes the ability of a system to provide timely warnings to user receivers in case of failure [2] 

In 5G (5GC, NR), we need to cover both regulatory and commercial requirements. Commercial requirements, including IIoT requirements,  are more stringent than regulatory one and it has service level requirements as defined in [3]. The big challenges are at least:
· When a node (e.g UE or LS) obtains a positioning estimate, how to ensure the positioning accuracy is as expected?
· When a node obtains a positioning estimate based on the required service level, how to ensure the positioning estimate has fulfilled the required service level?
· When the obtained positioning estimate is not fulling the required service level. How to detect it and possibly report / provide warning?

5G (NR) positioning supports various positioning techniques that classified as RAT dependent (DL-TDOA, UL-TDOA, RTT, e-CID) and RAT independent (GNSS, Bluetooth, Wi-Fi, and IMU sensors). The UE position can be estimated based on one or combination of the aforementioned positioning techniques. 

Furthermore, the positioning estimate can be performed as follows:
· Network-based positioning: The base-station transmits reference signal (PRS), the UE performs positioning measurements to location server, and then LS performs positioning estimate.
· UE-based positioning: The UE performs both positioning measurement and positioning estimate.

In case of network-based positioning, the UE can report one or more positioning measurement report based on the supported positioning techniques. Furthermore, the LS can utilize those reports to obtained one positioning estimate or multiple positioning estimate based on multiple positioning measurements. 

We consider integrity can be achieved by: 
· Comparing a positioning estimate from one technique with other positioning estimate(s), perform with other technique(s)
· Analyzing the conditions when the positioning estimate is obtained.
Having multiple results and able to do the comparison allow the LS to judge the integrity as illustrated in Figure 1. 
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[bookmark: _Ref47602139][bookmark: _Ref47510744]Figure 1: Accuracy and Precision of Positioning Estimate

If the LS receives multiple measurements and obtain 4 positioning estimates (e.g. based on multiple positioning measurements/estimation) as shown in Figure 1. above, then the LS can identify the integrity level. If the positioning estimates comes along with good quality, and no possible source of errors then it can result in high accuracy and high precision. If the obtained positioning estimates are with good quality information but with possible source of errors, it may result in low accuracy but high precision, and so on. A number of aspects can be considered, Accuracy, Verification using Multiple methods, Error sources, Validity in time, Power consumption.

In order to increase accuracy and the trust in the positioning measurement, multiple positioning estimates and/or positioning measurement results may be needed, as well as using multiple methods to enhance the result for the positioning accuracy.

Proposal 1: Multiple positioning estimates from multiple and different methods/occasions can be used to support positioning integrity in terms of accuracy and trust.

Even though multiple measurements are done, and also using multiple methods, if there are different types of error sources affecting the measurements, the result will lead to poor positioning accuracy.
Specifically, in the positioning with GNSS, the error sources which may affect the positioning estimates have been quite well-known. Some error sources can be compensated in order to minimize the impact to the positioning estimate. The error sources in GNSS can be the following [5]:
· Hardware clock-error in the Satellite and UE. A clock drift may increase the measurement error range.
· Signal propagation errors, such as Sagnac effect, Ionosphere errors, troposphere errors, multipath errors.
· System errors, such as satellite orbital errors, receiver noise, signal jam, etc.
There are numerous error sources in GNSS and we expect some errors are more dominant than the others.

Proposal 2: Identify and select the common errors sources that can be used to support positioning integrity in NR.

The performance of achieving high accuracy and highly reliable positioning estimates will have an impact on the selection and usage of different methods and resulting power consumption related to the different methods or accumulated power consumption using multiple methods if needed for some use cases.

Proposal 3: Supporting integrity should strive to minimize UE power consumptions and signaling flow between UE and gNB/LS.

3 Conclusions
In this contribution, the following  proposals are made:

Proposal 1: Multiple positioning estimates from multiple and different methods/occasions can be used to support positioning integrity in terms of accuracy and trust.

Proposal 2: Identify and select the common errors sources that can be used to support positioning integrity in NR.

Proposal 3: Supporting integrity should strive to minimize UE power consumptions, number of positioning resources, and signaling flow from UE to gNB/LS.
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