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Abstract of the contribution: This paper proposes a solution for KI#1.
Discussion
Key issue 1 is defined as follows:
[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037][bookmark: _Toc157534612][bookmark: _Toc160781892]5.2.1	Key Issue #1: Enhancements to LCS to support Direct AI/ML based Positioning
This key issue aims to provide solutions for whether and how to consider enhancements to support AI/ML based positioning for case 2b, 3b as defined in TR 38.843 [6], which will investigate the following aspects:
-	Study whether and how an AI/ML model for direct AI/ML positioning (i.e. case 2b/3b) is handled:
-	Which entity trains the model for direct AI/ML positioning and if the entity that train the model and the consumer are different, how the model consumer gets the trained AI/ML model;
-	Which entity act as the model consumer that will use the trained model to perform inference and/or derive UE position;
-	Define procedures for data collection with objective to train AI/ML models for direct AI/ML positioning.
-	Whether and how to support direct AI/ML positioning at LMF with additional 5GC enhancements.
-	How to monitor model performance for ML models used for direct AI/ML based positioning.
NOTE 1:	UE data collection, model delivery and transfer to the UE and model identification/management are not within the scope of this key issue.
NOTE 2:	Any data to be collected from UE/RAN by LMF for the model training/model inference/model performance monitoring for LMF-side model is assumed to be defined by RAN WGs.
NOTE 3:	Any potential impacts for case 1/2a/3a in TR 38.843 [6], are out of the scope and any potential alignment work will be based on the possible requirements defined by RAN WGs considering the conclusions in TR 38.843 [6].

TR 38.843 contains the following related text
[bookmark: _Toc135002569][bookmark: _Toc149657145]5.3	Positioning accuracy enhancements
Finalization of representative sub-use cases:
The following are selected as representative sub-use cases: 
-	Direct AI/ML positioning: 
-	AI/ML model output: UE location
-	e.g., fingerprinting based on channel observation as the input of AI/ML model 
-	AI/ML assisted positioning: 
-	AI/ML model output: new measurement and/or enhancement of existing measurement
-	e.g., LOS/NLOS identification, timing and/or angle of measurement, likelihood of measurement
More specifically, the following Cases are considered for the study:
-	Case 1: UE-based positioning with UE-side model, direct AI/ML or AI/ML assisted positioning
-	Case 2a: UE-assisted/LMF-based positioning with UE-side model, AI/ML assisted positioning
- Case 2b: UE-assisted positioning with LMF-side model, direct AI/ML positioning
-	Case 3a: NG-RAN node assisted positioning with NG RAN node-side model, AI/ML assisted positioning
[bookmark: _Hlk161871246]-	Case 3b: NG-RAN node assisted positioning with LMF-side model, direct AI/ML positioning
One-sided model whose inference is performed entirely at the UE or at the network is prioritized in Rel-18 SI. 
For all five positioning cases (Case 1/2a/2b/3a/3b), RAN1 has not considered prioritization. 

For positioning enhancement use case:
-	For model training, training data can be generated by UE/PRU/NG RAN node/LMF.
-	For LMF-side model inference (Case 2b, Case 3b), input data can be generated by UE/NG RAN node and terminated at LMF.
-	For NG RAN node-side model inference (Case 3a), input data is internally available at NG RAN node.
-	For UE-side model inference (Case 1, Case 2a), input data is internally available at UE.
-	For performance monitoring at the LMF side, calculated performance metrics (if needed) or data needed for performance metric calculation (if needed) can be generated by UE/NG RAN node and terminated at LMF.
-	For performance monitoring at the NG RAN node side, calculated performance metrics (if needed) or data needed for performance metric calculation (if needed) can be generated by at least NG RAN node.


[bookmark: _Hlk161862747][image: ]
Figure 6.4.1-1: Direct AI/ML positioning
Thus, Channel measurements for multiple Transmission reception points (TRPs) are used to determine the location.


TR 38.843 contains the following text related to measurements for model training

[bookmark: _Toc135002581][bookmark: _Toc149657182]7	Potential specification impact assessment
[bookmark: _Toc135002583][bookmark: _Toc149657184]7.1	Physical layer aspects

[bookmark: _Toc135002587][bookmark: _Toc149657188]7.1.4	Positioning accuracy enhancements
Items considered for studying the necessity, feasibility, potential specification impact:
AI/ML functionality and model identification:
-	Validity conditions, e.g., applicable area/[zone/]scenario/environment and time interval, etc.
-	Model capability, e.g., positioning accuracy quality and model inference latency.
-	Conditions and requirements, e.g., required assistance signalling and/or reference signals configurations, dataset information.
-	Note: the above-mentioned examples and terms "validity conditions", "model capability", and "Conditions and requirements" can be referred to the conditions and additional conditions discussed in the context of the model identification and functionality identification in clause 4.2.
Training data generation for AI/ML based positioning:
-	The following options of entity and mechanisms to generate ground-truth label are identified:
-	UE with estimated/known location generates ground-truth label and corresponding label quality indicator
-	Based on non-NR and/or NR RAT-dependent and/or NR RAT-independent positioning methods
-	At least for UE-based positioning with UE-side model (Case 1) and UE-assisted positioning with UE-side model (Case 2a)
-	Network entity generates ground-truth label and corresponding label quality indicator
-	Based on non-NR and/or NR RAT-dependent and/or NR RAT-independent positioning methods 
-	At least for UE-assisted/LMF-based positioning with LMF-side model (Case 2b),  NG-RAN node assisted positioning with gNB-side model (Case 3a) and NG-RAN node assisted positioning with LMF-side model (Case 3b)
-	At least PRU is identified to generate ground-truth label for UE-based positioning with UE-side model (Case 1) and UE-assisted positioning with UE-side model (Case 2a)
-	At least LMF with known PRU location is identified to generate ground-truth label for UE-assisted/LMF-based positioning with LMF-side model (Case 2b) and NG-RAN node assisted positioning with LMF-side model (Case 3b)
-	At least network entity with known PRU location is identified to generate ground-truth label for NG-RAN node assisted positioning with gNB-side model (Case 3a)
-	Note: User data privacy needs to be preserved
-	The following options of entity to generate other training data (at least measurement corresponding to model input) are identified:
-	For UE-based with UE-side model (Case 1) and UE-assisted positioning with UE-side (Case 2a) or LMF-side model (Case 2b)
-	PRU 
-	UE
-	For NG-RAN node assisted positioning with Network-side model (Case 3a and Case 3b)
-	TRP
-	Note: Transfer of training data from the entity generating training data to a different entity is not precluded and associated potential specification impact is to be considered
Data collection for AI/ML based positioning:
Regarding data collection for AI/ML based positioning, at least the following information of data with potential specification impact are identified.
-	Ground-truth label
-	Report from the label data generation entity
-	Measurement (corresponding to model input)
-	Report from the measurement data generation entity
-	Quality indicator
-	For and/or associated with ground-truth label and/or measurement 
-	Report from the label and/or the measurement data generation entity and/or as request from a different (e.g., data collection, etc.) entity
-	RS configuration(s)
-	At least for deriving measurement
-	Request from data generation entity (UE/PRU/TRP) to LMF and/or as LMF assistance signalling to UE/PRU/TRP
-	Note 1: There may not be any enhancements on top of existing RS configuration(s) or any new RS configuration(s) for positioning measurement
-	Time stamp
-	At least for and/or associated with collected data 
-	Separate time stamp for measurement and ground-truth label, when measurement and ground-truth label are generated by different entities
-	Report From data generation entity together with collected data and/or as LMF assistance signalling
-	Note 2: There may not be any enhancements on top of time stamp in existing positioning measurement report or any new time stamp report for positioning measurement
-	Note 3: Whether and how the above information can be applied to different aspects of AI/ML LCM (e.g., training, updating, monitoring, etc.) can be discussed
-	Note 4: Transfer of data from the entity generating data to a different entity is not precluded from RAN1 perspective
-	Note 5: If any specification impact is identified, the impact may be different between positioning use cases (Case 1/2a/2b/3a/3b).
-	Note 6: The necessity of other information (e.g., scenario identifier. LOS/NLOS condition, timing error, etc.) for data collection can be discussed
-	Details of request/report of label and/or other training data, and to enable delivering the collected label and/or other training data to the training entity when the training entity is not the same entity to obtain label and/or other training data 
-	Assistance signalling indicating reference signal configuration(s) to derive label and/or other training data
-	Request/report of training data: Ground-truth label; Measurement corresponding to model input; Associated information of ground-truth label and/or measurement corresponding to model input
-	Assistance signalling and procedure to facilitate generating training data: Reference signal (e.g., PRS/SRS) configuration(s) and configuration identifier; Assistance information, e.g., between LMF and UE/PRU, for label calculation/generation, and label validity/quality condition, etc.
-	Note: whether such assistance signalling and procedure can be applied to other aspect(s) of AI/ML model LCM can also be discussed
-	Notes: Study may consider different entity to generate training data as well as different types of training data when applicable. Study considers both of the following cases when applicable: when the training entity is the same entity to generate training data, and when the training entity is not the same entity to generate training data
Model monitoring: 
- 	Assistance signalling and procedure at least for UE-side model
-	Report/feedback and procedure at least for Network-side model
-	Note: study is applicable to both of the following cases: 
-	Model inference and model monitoring at the same entity
-	Entity to perform the model monitoring is not the same entity for model inference
-	Data for computing monitoring metric: 
-	If monitoring based on model output: e.g., estimated UE location corresponding to model output for direct AI/ML positioning, estimated intermediate parameter(s) corresponding to model output for AI/ML assisted positioning, ground-truth label corresponding to model inference output for both direct and AI/ML assisted positioning
-	If monitoring based on model input: e.g., measurement corresponding to model inference input.
-	Assistance signalling from LMF to UE/PRU/gNB for UE/gNB-side model monitoring.
-	Assistance signalling from UE/PRU for NW-side model monitoring.
-	If certain type of data is necessary for computing monitoring metric:
-	How an entity can be used to provide the given type of data for calculating monitoring metric: companies requested to report their assumption of the entity (or entities) used to provide the given type of data for calculating monitoring metric for each case
-	Potential signalling for provisioning of the given type of data for calculating associated monitoring metric
-	Potential assistance signalling and procedure to facilitate an entity providing data for calculating monitoring metric
-	Potential UE-network interaction: e.g., model monitoring decision indication between UE and network
-	Entity to derive monitoring metric
-	UE at least for Case 1 and 2a (with UE-side model)
-	gNB at least for Case 3a (with gNB-side model)
-	LMF at least for Case 2b and 3b (with LMF-side model)
-	For AI/ML based positioning, LMF for Case 2a (with UE-side model) and Case 3a (with gNB-side model) is identified as the entity to derive the monitoring metric at least when monitoring is based on provided ground-truth label (or its approximation).
-	If model monitoring does not require ground-truth label (or its approximation).
-	Statistics of measurement(s) compared to the statistics associated with the training data. Note: the measurement(s) may or may not be the same as model input.
-	Examples used in contributions: norm of model input, mean, min/max of some statistics related to measurement and/or model input, median or data temporal/spatial distribution
-	Statistics of model output compared to the statistics associated with the training data and/or its own previous inference output
-	Examples used in contributions: mean, standard deviation, variance, etc. of some statistics related to model output
-	For monitoring UE-side and gNB-side model for AI/ML based positioning:
-	Signalling from LMF to facilitate the monitoring entity to derive the monitoring metric (if needed)
-	Signalling from monitoring entity to request measurement(s) (if needed)
-	Signalling for potential request/report of monitoring metric (if needed)
-	Note: there may not be any specification impact
-	For monitoring LMF-side model for AI/ML based positioning
-	Signalling from LMF to request measurement(s) (if needed)
-	Assistance signalling and procedure, e.g., RS configuration(s) for measurement, measurement statistics as compared to the model input statistics of the training data, etc.
-	Report of the calculated metric and/or model monitoring decision
-	If model monitoring requires and is provided ground-truth label (or its approximation)
-	Monitoring metric: statistics of the difference between model output and provided ground-truth label.
-	Examples used in contributions: mean, standard deviation, instantaneous value, threshold of ground-truth label (or its approximation)
-	For monitoring UE-side and gNB-side model for AI/ML based positioning:
-	Signalling from monitoring entity to request ground-truth label (if needed)
-	Signalling from monitoring entity to request model output (if needed)
-	Signalling for potential request/report of monitoring metric (if needed)
-	For monitoring LMF-side model for AI/ML based positioning
-	Signalling from LMF to request measurement(s) (if needed)
-	Provisioning of ground-truth label and associated label quality.
-	Assistance signalling and procedure, e.g., from LMF to UE/gNB indicating ground-truth label and/or measurement, etc.
-	Report of the calculated metric and/or model monitoring decision
-	Note: No extensive evaluation results on model monitoring metric comparison have been carried out
-	Note: There is no consensus during SI on whether monitoring metric will have spec impact
Model Inference related: 
-	For direct AI/ML positioning (Case 2b and 3b), type of measurement(s) as model inference input considering performance impact and associated signalling overhead
-	Potential new measurement: CIR/PDP
-	Existing measurement: e.g., RSRP/RSRPP/RSTD
-	Note: Details of potential new measurement and/or potential enhancement to existing measurement is to be studied. 
-	For AI/ML assisted positioning with UE-assisted (Case 2a) and NG-RAN node assisted positioning (Case 3a): 
-	Measurement report to carry model output to LMF
-	New measurement report: e.g., ToA, path phase
-	Existing measurement report: e.g., RSTD, LOS/NLOS indicator, RSRPP
-	Enhancement of existing measurement report: e.g., soft information/high resolution of RSTD 
-	At least the following types of model inference output are identified as candidates providing performance benefits:
-	Timing estimation
-	Note: the report to LMF is derived based on and maybe different from the model inference output
-	LOS/NLOS indicator
-	Assistance signalling and procedure to facilitate model inference for both UE-side and Network-side model
-	RS configurations
The specification impact related to the following items is assessed: 
-	Types of measurement as model inference input
-	new measurement
-	existing measurement
-	UE is assumed to perform measurement as model inference input for Case 1, Case 2a and Case 2b; TRP is assumed to perform measurement as model inference input for Case 3a and Case 3b
-	Report of measurements as model inference input to LMF for LMF-side model (Case 2b and Case 3b)
-	For AI/ML assisted positioning, new measurement report and/or potential enhancement of existing measurement report as model output to LMF for UE-assisted (Case 2a) and NG-RAN node assisted positioning (Case 3a)
-	Assistance signalling and procedure to facilitate model inference for both UE-side and Network-side model
-	New and/or enhancement to existing assistance signalling
-	Note: Whether such assistance signalling and procedure can be applied to other aspect(s) of AI/ML model LCM can also be discussed
For direct AI/ML positioning with LMF-side model (Case 2b and 3b), the following types of measurement report are identified if beneficial and necessary (e.g., tradeoff positioning accuracy requirement and signalling overhead), 
-	Take into account that existing Rel-16/17 measurement and/or expected Rel-18 measurement report may contain timing, power and phase information of the channel response
-	measurement report, which contains timing, power and phase information of the channel response
-	At least for Case 3b
-	Measurement report, which contains timing and power information of the channel response
-	Measurement report, which contains timing information of the channel response
-	Note: Combinations of multiple measurement reports and/or post processing of the measurement reports are not precluded
For direct AI/ML positioning with LMF-side model (Case 2b and 3b), the following types of measurement report with potential specification impact have been studied for AI/ML based positioning accuracy enhancement
-	Measurement report, which contains timing, power and phase information of the channel response
-	If support, potential specification impact including new measurement report or enhancement to existing measurement report
-	E.g., truncation, [feature extraction,] alignment of sample/path determination
-	Measurement report, which contains timing and power information of the channel response
-	If support, potential specification impact including new measurement report or enhancement to existing measurement report
-	E.g., truncation, [feature extraction,] alignment of sample/path determination
-	Measurement report, which contains timing information of the channel response
-	If support, potential specification impact including enhancement to existing measurement report
-	E.g., alignment of sample/path determination
LCM:
-	For AI/ML based positioning accuracy enhancement, at least for Case 1 and Case 2a (model is at UE-side) 
-	which aspects should be specified as conditions of a Feature/FG available for functionality-based LCM.
-	which aspects should be considered as additional conditions, and how to include them into model description information during model identification for model ID-based LCM.


This text indicates that ground truth data and measurements are potentially required and that “at least” the PRU (Positioning Reference Unit) can potentially generate ground truth data.

Findings and considerations:
Models will closely relate to topologies and antenna in an area or a radio cell and will thus be specific to an area or cell or at least consider the cell as input. For models related to UE measurement (for Case 2b: UE-assisted/LMF-based positioning), details of the UE such as number of reception points may also matter; this can be reflected in separate models or input data to the model. Different models will likely apply for UE-assisted positioning (case 2b, channel measurement by UE) and NG-RAN node assisted positioning (case 3b, channel measurement by NG-RAN).
It is assumed that for the model training, in addition to channel measurements also ground truth data about the related UE location will be required, most likely Global Navigation Satellite System (GNSS) information such as GPS information provided by the UE. For the training of the model many correlated measurements are required, each consisting of accurate ground truth data (e.g. GPS coordinates) location reported by the UE and channel measurements for different Transmission reception points and the same UE at the same point in time. This assumption will need to be confirmed by RAN groups.
The reporting of ground truth data requires the capability of the UE to determine its location. There is already a capability indication from UE to RAN to indicate the capability to report locations. The reporting of measurements by the UE (for Case 2b: UE-assisted/LMF-based positioning) will require additional UE capabilities. It is desirable to select UE models/types that are known to provide accurate locations to enhance the quality of ground truth data. The PEI (containing IMSEI/ISMEISV with Type Allocation Code (TAC), see Clause 6 of TS 23.003 as copied in the Annex) of UEs can be used to select suitable UEs, but it is only available in the AMF.
Also RAN nodes with special capabilities to support the new measurements and report related location are required.
The measurements and location reports can lead to considerable load and it is desirable to perform them when there is sufficient capacity at related NG RAN nodes and cells, i.e. cells, UEs or RAN nodes are not overloaded. It is thus desirable to allow RAN nodes to select times for training measurements when they are less loaded.
Only UEs in the right area /cell can be used to train the related model. RAN nodes know which UEs they are serving and can select appropriate candidate UEs.
To reduce signalling load, a bulk subscription to measurements and a bulk reporting of measurements seems desirable.
TS 23.273 defines methods for an LMF to obtain location information related to a single UE (see Clauses 6.11.1, 6.11.2 and 6.11.4 copied in the Annex). They do not allow for bulk subscriptions related to many UEs and they do not support reporting of ground truth data along with measurements. However, a direct reporting from UE to LMF via the user plane is supported. 
It is also desirable to provide means to monitor the accuracy of models while they are in use for inference of locations.
The PRU is defined in TS 23.273 as a UE with fixed location (see quotations in Annex)

Proposal
Incorporate the following solution for KI#1, in TR 23.700-84.
* * * 1st Change * * *
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Table 6.0-1: Mapping of Solutions to Key Issues and Use Cases
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* * * 2nd Change (All New Text) * * * 
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[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc157534625]Models will closely relate to topologies and antenna in an area or a radio cell and will thus be specific to an area or cell or at least consider the cell as input. For models related to UE measurement (for Case 2b: UE-assisted/LMF-based positioning), details of the UE such as number of reception points may also matter; this can be reflected in separate models or input data to the model. Different models will likely apply for UE-assisted positioning (case 2b, channel measurement by UE) and NG-RAN node assisted positioning (case 3b, channel measurement by NG-RAN).
It is assumed that for the model training, in addition to channel measurements also ground truth data about the related UE location will be required, most likely Global Navigation Satellite System (GNSS) information such as GPS information provided by the UE. For the training of the model many correlated measurements are required, each consisting of accurate ground truth data (e.g. GPS coordinates or a known location of a stationary positioning reference unit (PRU, see TS 23.273 [76].)) location reported by the UE or of an indicated PRU and channel measurements for different Transmission reception points and the same UE at the same point in time.
Editor's note:	 This assumption needs to be confirmed by RAN groups and related conclusions need to wait for RAN decisions.
Editor´s note:	If RAN decides to use only known locations of PRUs as ground truth data, additional ground truth location measurements are not required.
The reporting of ground truth by a UE data requires  the capability of the UE to determine its location. There is already a capability indication from UE to RAN to indicate the capability to report locations. The reporting of measurements by the UE (for Case 2b: UE-assisted/LMF-based positioning) will require additional UE capabilities. It is desirable to select UE models/types that are known to provide accurate locations or measurements to enhance the quality of ground truth training data. The PEI (containing IMSEI/ISMEISV with Type Allocation Code (TAC), see TS 23.003 [x]) of UEs can be used to select suitable UEs, but it is only available in the AMF.
Also RAN nodes with special capabilities to support the new measurements and report related location are required.
The measurements and location reports can lead to considerable load; and it is desirable to perform them when there is sufficient capacity and related NG RAN nodes, cells and UEs are not overloaded. It is thus desirable to allow RAN nodes to select times for training measurements when they are less loaded.
Only UEs in the right area /cell can be used to train the related model. RAN nodes know which UEs they are serving and can select related UEs.
To reduce signalling load, a bulk subscription to measurements and a bulk reporting of measurements seems desirable.
TS 23.273 defines methods for an LMF to obtain location information related to a single UE (see parts copied in the Annex). They do not allow for bulk subscriptions related to many UEs and they do not support reporting of ground truth data along with measurements. However, a direct reporting from UE to LMF via the user plane is supported. 
It is also desirable to provide means to monitor the accuracy of models while they are in use for inference of locations.
Thus, the solution adheres to the following principles:
· The entity performing the model training (LMF or NWDAF/MTLF) performs a bulk subscription for location model training measurements towards the AMF. The request denotes the target area, the desired time window for measurements, the desired number of measurements, and/or a desired frequency of measurements, and an indication whether measurements for UE-assisted positioning or RAN-assisted positioning are requested. The request can also denote a destination address to which measurements are to be provided.
Editor's note:	 This selection ofNOTE: The entity performing the model training is ffsis expected to be selected in the conclusion phase.
· The AMF selects NG-RAN node(s) based on the capabilities of the RAN nodes and their load and the target area and forwards the request to the selected RAN nodes. It may reject requests or parts of the target area if there are no suitable RAN nodes.
Editor's note:	 Interactions between AMF and RAN nodes need to be coordinated with RAN and related conclusions need to wait for RAN decisions.
· The RAN node may select appropriate times for measurements based its load, radio load, and the availability of suitable UEs. The RAN node selects UEs capable of reporting ground-truth location and for UE-assisted measurements also capable of performing such measurements.
· For NG-RAN node assisted positioning, the NG RAN node performs channel measurements for each of the selected UEs and request the related UE to report its location. The NG RAN node reports the measured parameters and location reported by the UE, possibly in combination with the cell ID where the UE was located, via AMF to the model training entity.
Editor's note:	 Information exposed by RAN nodes need to be confirmed by RAN and related conclusions need to wait for RAN decisions.
· For UE assisted positioning, the NG RAN node requests the UE to performs channel measurements and provide them, and also request the related UE to report its location. The NG RAN node may request to perform multiple measurements and indicate a time window. The NG RAN node also provide a destination address where to provide the results. The UE measures the location and also performs requested channel measurements. The UE performs the requested number of measurements and determine the times for measurements and result reporting based on its own load, battery status, and radio load. The UE sends information about its location, measurement and information about its configuration (e.g. number of transmission reception points) towards the target address provided by the NG RAN node via a data connection.
Editor's note:	 Information exposed by UEs need to be confirmed by RAN and related conclusions need to wait for RAN decisions.
.
· The model training entity may store the input data received from NG RAN node or UE at the ADRF together with information about target area, measurement method (UE-assisted positioning or RAN-assisted positioning).
· The model training entity trains the model with the input data and may store the trained model at the ADRF using a special “location” Analytics ID. It stores information about target area and measurement method (UE-assisted positioning or RAN-assisted positioning) together with the model. 
· When a UE registers, the AMF determines based on the Permanent Equipment Identifier (PEI), and in particular the Type Allocation code (TAC) which is part of an IMEI or IMEISC used as PEI, whether the UE is suitable to report its location for model training and whether the UE is suitable to perform measurements for UE-assisted location determination. The AMF provides that information to NG-RAN, and NG-RAN stores this information as part of the UE context and may subsequently use it to select UEs. 
· The LMF acting as inference entity may retrieve suitable models from the ADRF. The LMF requests and/or selects models based on the target area and the measurement method. When receiving a request to determine the location of a UE, the LMF sends a request for a channel measurement to the NG-RAN via AMF and indicates the measurement method (UE-assisted positioning or RAN-assisted positioning). For RAN-assisted measurement, NG-RAN performs the measurement. For UE-assisted measurements, NG-RAN requests the UE to perform and report the measurement along with information about its configuration (e.g. number of transmission reception points). NG-RAN provides the measurement to the LMF via the AMF.
· A model accuracy monitoring entity (LMF or NWDAF/MTLF) also sends a request via AMF to a NG RAN node to provide measurements and ground truth locations indicating a lower target frequency of measurements than for the model training. The model accuracy monitoring entity uses the reported measurements to calculate location using the model, and compares the calculated locations with the reported locations to determine the accuracy of the model. If the accuracy of the model degrades, it triggers a new model training.
Editor's noteNOTE:	 This selection ofThe entity performing the model accuracy monitoring is expected to be selected in the conclusion phase.ffs.
[bookmark: _Toc160781924]6.X.2	Procedures
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc157534626][bookmark: _Toc160781925]6.X.2.1	Training an LMF-side model for NG-RAN assisted positioning


Figure 6.X.2.1-1: Training an LMF-side model for NG-RAN assisted positioning
1	The NG RAN nodes inform the AMF about their capability to support NG-RAN assisted positioning. The NG RAN nodes may also provide periodic reports about their load and/or send indications when being in overload.
Editor's note:	 How the NG_RAN indicates capabilities of the RAN nodes and their load to the AMF is to be determined by RAN WGs.
2.	The model training MF, e.g. MTLF inside NWDAF or an LMF sends a request to an AMF to provide measurements and locations for training a location model. The request denotes a target area and may denote a target time period, a target number of measurements, and/or a target frequency of measurements. The request also denotes NG-RAN assisted positioning as the desired measurement method.
3.	The AMF selects NG-RAN node(s) based on the capabilities of the RAN nodes, their load and the target area and forwards the request to the selected RAN nodes. It may reject the request in step 2 or parts of the target area if there are no suitable RAN nodes.
4.	The AMF sends a request to provide measurements and locations for training a location model with parameters as described in step 2 to each of the selected RAN nodes.
5.	The NG RAN node selects UEs in the target area that indicated a capability to report location information and for UE-assisted channel measurements also a capability to perform such measurements. The NG RAN node may determine the times and frequencies of measurements and requests to the UE considering the load and available capacity of itself, related radio cells, and of selected UEs.
6.	For each selected UE and each related measurement time, the NG-RAN node requests the UE to report its location.
Editor's note:	 Interactions between NG-RAN and UE need to be confirmed by NG-RAN and related conclusions need to wait for RAM decisions.
7.	For each selected UE and at each measurement time, the NG-RAN node performs a channel measurement.
8.	The NG RAN node ggregates multiple measurements in one report
9.	The NG RAN node reports the measured parameters and locations reported by the UE, and the cell ID where the UE was located, to the AMF.
10.	The AMF forwards the information received in step 9 to the model training entity. The AMF may aggregate multiple received reports before the forwarding.
11.	The model training entity may store the input data received in step 10 at the ADRF together with information about target area, measurement method (UE-assisted positioning or RAN-assisted positioning). The model training entity may subsequently retrieve the stored information for the model training.
12.	The model training entity trains the model with the information received in step 10. The trained model has the purpose to derive a location out of measurements.
13.	The model training entity may store the trained model at the ADRF using a special “location” Analytics ID. It stores information about target area and measurement method (UE-assisted positioning or RAN-assisted positioning) together with the model. It may also store an identifier of the stored input data that have been used to train the model.
6.X.2.2	Training an LMF-side model for UE assisted positioning


Figure 6.X.2.2-1: Training an LMF-side model for UE assisted positioning
1	The NG RAN nodes inform the AMF about their capability to support UE assisted positioning. The NG RAN nodes may also provide periodic reports about their load and/or send indications when being in overload.
Editor´s note:	 How the NG_RAN .indicates capabilities of the RAN nodes and their load to the AMF is to be determined by RAN WGs.
2.	The model training MF, e.g. MTLF inside NWDAF or an LMF sends a request to an AMF to provide measurements and locations for training a location model. The request denotes a target area and may denote a target time period, a target number of measurements, and/or a target frequency of measurements. The request also denotes a notification address where to receive the measurements (either of a data storage entity or of the model training entity). The request also denotes UE assisted positioning as the desired measurement method.
3.	The AMF selects NG-RAN node(s) based on the capabilities of the RAN nodes and their load and the target area and forwards the request to the selected RAN nodes. It may reject requests or parts of the target area if there are no suitable RAN nodes.
4.	The AMF forwards the request to the selected RAN nodes.
5.	The NG RAN node selects UEs in the target area that indicated a capability to report location information and a capability to perform measurements for UE-assisted positioning. The NG RAN node may determine the times and frequencies of measurements and requests to the UE considering the load and available capacity of itself, related radio cells, and or of selected UEs.
6.	For each selected UE, the NG-RAN node requests the UE to perform measurements for UE-assisted positioning and report its location. The NG RAN node may request to perform multiple measurements and may also indicate a desired number of measurements, a related time window, and/or a desired frequency of measurements. The NG RAN node also provide a notification address where to provide the results. The UE may reject the request for instance if it is overloaded or needs to safe power due to low battery status.
Editor's note:	 Interactions between NG-RAN and UE need to be confirmed by NG-RAN and related conclusions need to wait for RAN decisions.
7.	The UE may determine the times for measurements and result reporting based on its own load, battery status, and radio load.
8.	For each measurement time, the UE performs a channel measurement.
9.	For each measurement time, the UE determines its location.
10.	The UE node may aggregate multiple measurements in one report
11.	The UE reports the measured parameters and locations, and the cell ID where the UE was located, to the received notification address via a data connection (PDU session). The UE may report in addition information related to its antenna configuration (e.g. number of Transmission reception points) and/or about its model/type (e.g. PEI or TAC).
12.	The model training entity may store the input data received from the UE in step 11 at the ADRF together with information about target area, measurement method (UE-assisted positioning or RAN-assisted positioning). The model training entity may subsequently retrieve the stored information for the model training.
13.	The model training entity trains the model with the information received in step 11. The trained model has the purpose to derive a location out of measurements.
14.	The model training entity may store the trained model at the ADRF using a special “location” Analytics ID. It stores information about target area and measurement method (UE-assisted positioning or RAN-assisted positioning) together with the model. It may also store an identifier of the stored input data that have been used to train the model.
6.X.2.3	Selecting UEs for reporting locations based on PEI


Figure 6.X.2.3-1: Selecting UEs for reporting locations based on PEI
1. The UE registers via NG-RAN node at an AMF.
2. The AMF obtains subscription data from the UDM that contain user consent for data collection and an indication whether the UE is suitable to serve as a  PRU and whether the PRU is stationary. 
3. The AMF inquires the Permanent Equipment Identifier (PEI) of the UE.
4. The AMF uses information obtained in step 2, configured information reltated to suitable TACs and the Type Allocation code (TAC) which is part of an IMEI or IMEISC within the inquired PEI to determine whether the UE is suitable to provide location reports for the purpose of model training and/or whether the UE is suitable to perform measurements for UE-assisted positioning.
5. The AMF indicates to the NG RAN node whether the UE is suitable to provide location reports for the purpose of model training and/or whether the UE is suitable to perform measurements for UE-assisted positioning, for instance within the UE registration procedure.
6. The NG RAN stores this information as part of the UE context and uses that information when selecting UEs in step 5 of figure 6.X.2.1-1 or 6.X.2.2-1.
6.X.2.4	Inference of location for NG-RAN assisted positioning



Figure 6.X.2.4-1: Inference of location for NG-RAN assisted positioning
0. A trigger to determine location as specified in of TS 23.273 [76] occurs at an LMF, for instance an incoming Nlmf_Location_DetermineLocation service operation. The LMF determines to use NG-RAN assisted direct AIML positioning with LMF side model.
1. When the LMF receives a request to determine the location of a UE and determines to use NG-RAN assisted direct AIML positioning with LMF side model, tThe LMF sends a request for a NG-RAN assistance measurement related to the UE. The request is similar to step 1 in Figure 6.11.2-1 of TS 23.273 [76].
2.-3.	Same steps as in in Figure 6.11.2-1 of TS 23.273 [76].
4.	The NG-RAN performs RAN assistance measurements.
5.-6.	Same steps as in Figure 6.11.2-1 of TS 23.273 [76]. The NG RAN node reports the measurements and the cell ID.
7. The LMF may retrieve the trained model from the model training entity or the ADRF. To request the model is uses a special “location” Analytics ID, the target area and measurement method (UE-assisted positioning or RAN-assisted positioning).
8.	The LMF calculates the UE location using the trained model and the information received in step 6.
6.X.2.5	Inference of location for UE assisted positioning



Figure 6.X.2.5-1: Inference of location for UE assisted positioning
0. A trigger to determine location as specified in of TS 23.273 [76] occurs at an LMF, for instance an incoming Nlmf_Location_DetermineLocation service operation. The LMF determines to use UE assisted direct AIML positioning with LMF side model.
1. When the LMF receives a request to determine the location of a UE and determines to use UE assisted direct AIML positioning with LMF side model, Tthe LMF sends a request for a UE assistance measurement related to the UE. The request is similar to step 1 in Figure 6.11.1-1 of TS 23.273 [76].
2.-3.	Same steps as in Figure 6.11.1-1 of TS 23.273 [76].
4.	The UE performs UE assistance measurements.
5.-7.	Same steps as in Figure 6.11-1 of TS 23.273 [76]. The UE reports the measurements, the cell ID, and information related to its antenna configuration (e.g. number of Transmission reception points) and/or about its model/type.
8.	The LMF may retrieve the trained model from the model training entity or the ADRF. To request the model is uses a special “location” Analytics ID, the target area and measurement method (UE-assisted positioning or RAN-assisted positioning).
9.	The LMF calculates the UE location using the trained model and the information received in step 7.
6.X.2.6	Monitoring accuracy of model for NG-RAN assisted location measurements


Figure 6.X.2.6-1: Monitoring accuracy of model for NG-RAN assisted location measurements
1.-10.	Same steps as in Figure 6.X.2.1-1. The model training entity is replaced by the model accuracy monitoring entity, which may be the same as the model training entity or a different entity, for instance an LMF or NWDAF/MTFLF. The model accuracy monitoring entity preferably request measurements in low frequency in step 2.
11. The model accuracy monitoring entity may retrieve the trained model from the model training entity or the ADRF. To request the model is uses a special “location” Analytics ID, the target area and measurement method (UE-assisted positioning or RAN-assisted positioning).
12.	The model accuracy monitoring entity uses the reported measurements received in step 10 to calculate location using the trained model
13. The model accuracy monitoring entity compares the calculated locations with the reported locations received in step 10 to determine the accuracy of the model.
14.	If the accuracy of the model degrades, the model accuracy monitoring entity triggers a new model training.
6.X.3	Impacts on services, entities and interfaces
Model training entity (LMF or NWDAF/MTLF):
NOTE:	 The entity performing the model training is expected to be selected in the conclusion phase..
Editor's note:	 This selection of entity performing the model training is ffs.
· performs a bulk subscription for location model training measurements towards the AMF.
· Receive measurements and ground truth location
· Train model
· Store input data and trained model in ADRF
· Provide model to LMF (if entity is different from LMF)
AMF
· selects NG-RAN node(s) based on the capabilities of the RAN nodes and their load and the target area and forwards the request to the selected RAN nodes.
· Determine whether UEs are suitable to report location based on PEI
NG RAN node
Editor's note:	NG RAN impacts need to be coordinated with RAN WGs and related conclusions need to wait for RAN decisions.
· select appropriate times for measurements
· selects UEs
· Request UEs to report location.
· for RAN-assisted positioning, perform measurements
· for UE-assisted positioning, request UE to perform measurements
· report measurements and location
UE
Editor's note:	UE impacts need to be coordinated with RAN WGs and related conclusions need to wait for RAN decisions.
· determine ground-truth location
· for UE-assisted positioning, performs requested channel measurements
· report measurements and location.
LMF
· determine location method
· retrieve trained model from training entity (if not collocated) or ADRF 
· request and receive assistance measurement
· calculate location based on trained model and received assistance measurement
Accuracy monitoring entity (LMF or NWDAF/MTLF):
NOTE:	 The entity performing the model accuracy monitoring is expected to be selected in the conclusion phase.
Editor's note:	 This selection of entity performing the accuracy monitoring is ffs.
· retrieve trained model from training entity (if not collocated)or ADRF 
· performs a bulk subscription for location model training measurements towards the AMF.
· Receive measurements and ground truth location
· calculate location based on trained model and receive assistance measurement
· calculate accuracy by comparing ground truth location and calculated location
ADRF
· Store Input data for training location model
· Store model using special Analytics ID together with indication of area/cell ID, indication whether model applies to UE assisted or RAN assisted measurement.

*** END of changes ***

Annex: Quotations

TS 23.273 defines methods for an LMF to obtain location information related to a UE / PRU, for instance:

[bookmark: _Toc153792675]6.11.1	UE Assisted and UE Based Positioning Procedure
Figure 6.11.1-1 shows a positioning procedure used by an LMF to support UE based positioning, UE assisted positioning and delivery of assistance data. The procedure is based on use of the LPP protocol defined in TS 37.355 [20] between the LMF and UE.



[bookmark: _CRFigure6_11_11]Figure 6.11.1-1: UE Assisted and UE Based Positioning Procedure
Precondition:	A LCS Correlation identifier and the AMF identity has been passed to the LMF by the serving AMF.
1.	The LMF invokes the Namf_Communication_N1N2MessageTransfer service operation towards the AMF to request the transfer of a Downlink (DL) Positioning message to the UE. The service operation includes the DL Positioning message. The Session ID parameter of the Namf_Communication_N1N2MessageTransfer service operation is set to the LCS Correlation identifier. The Downlink Positioning message may request location information from the UE, provide assistance data to the UE or query for the UE capabilities if the UE Positioning Capability is not received from AMF.
2.	If the UE is in CM IDLE state, the AMF initiates a network triggered Service Request procedure as defined in clause 4.2.3.3 of TS 23.502 [19] to establish a signalling connection with the UE.
3.	The AMF forwards the Downlink Positioning message to the UE in a DL NAS TRANSPORT message. The AMF includes a Routing identifier, in the DL NAS TRANSPORT message, which is set to the LCS Correlation identifier. The Downlink Positioning message may request the UE to response to the network, e.g. may request the UE to acknowledge the Downlink Positioning message, to return location information or to return capabilities, as defined in TS 37.355 [20].
4.	The UE stores any assistance data provided in the Downlink Positioning message and performs any positioning measurements and/or location computation requested by the Downlink Positioning message.
5.	If the UE has entered CM-IDLE state during step 4 and needs to responses to the request received in step 3, the UE instigates the UE triggered Service Request as defined in clause 4.2.3.2 of TS 23.502 [19] in order to establish a signalling connection with the AMF.
6.	[Conditional] The UE sends to the AMF the Uplink Positioning message included in a NAS TRANSPORT message, e.g. to acknowledge the Downlink Positioning message, to return any location information obtained in step 4 or returns any capabilities, as requested in step 3. When the UE sends Uplink Positioning message in a NAS TRANSPORT message, the UE shall also include in the UL NAS TRANSPORT message the Routing identifier received in step 3.
7.	[Conditional] The AMF invokes the Namf_Communication_N1MessageNotify service operation towards the LMF indicated by the routing identifier received in step 6. The service operation includes the Uplink Positioning message received in step 6 and the LCS Correlation identifier. Steps 6 and 7 may be repeated if the UE needs to send multiple Uplink Positioning messages to respond to the request received in Step 3. Steps 1 to 7 may be repeated to send new assistance data, and to request further location information and further UE capabilities.
[bookmark: _CR6_11_2][bookmark: _Toc58920664]6.11.2	Network Assisted Positioning Procedure
Figure 6.11.2-1 shows a procedure that may be used by an LMF to support network assisted and network based positioning. The procedure may be based on an NRPPa protocol in TS 38.455 [15] between the LMF and NG-RAN.


[bookmark: _CRFigure6_11_21]Figure 6.11.2-1: Network Assisted Positioning Procedure
Precondition:	A LCS Correlation identifier and the AMF identity have been passed to the LMF by the serving AMF. In the case of PRU, LCS Correlation identifier is generated by LMF and provided to AMF during PRU Registration Accept message.
1.	The LMF invokes the Namf_Communication_N1N2MessageTransfer service operation towards the AMF to request the transfer of a Network Positioning message to the serving NG-RAN node (NG RAN node or ng-eNB) for the UE. The service operation includes the Network Positioning message and may indicate if the positioning is initiated towards a PRU and the LCS Correlation identifier. The Network Positioning message may request location information for the UE from the NG-RAN and may include UE unaware indication if it is received by LMF from AMF. LMF may provide an LPHAP Assistance Information to RAN in an NRPPa message, if LPHAP indication is received in step 11 clause 6.1.2.
2.	If the UE is in CM IDLE state and there is no UE unaware indication for the UE in the UE's location context, the AMF initiates a network triggered Service Request procedure as defined in clause 4.2.3.3 of TS 23.502 [19], to establish a signalling connection with the UE. If positioning towards a PRU is indicated in step 1, the AMF verifies the UE is a valid PRU before initiating the procedure.
	If the UE is in CM-IDLE state and there is UE unaware indication for the UE in the UE's location context, the AMF should reject the forwarding request of the Network Positioning message with a proper rejection cause value and steps 3-6 are skipped.
3.	The AMF forwards the Network Positioning message to the serving NG-RAN node in an N2 Transport message. The AMF includes a Routing identifier, in the N2 Transport message, identifying the LMF.
4.	The serving NG-RAN node obtains any location information for the UE requested in step 3.
	If UE unaware indication is received in the Network Positioning message, and the UE is in RRC_INACTIVE state, the NG-RAN rejects the Network Positioning message with appropriate rejection cause (e.g. UE cannot be paged).
5.	The serving NG-RAN node returns any location information obtained in step 4 to the AMF in a Network Positioning message included in an N2 Transport message. The serving NG-RAN node shall also include the Routing identifier in the N2 Transport message received in step 3.
6.	The AMF invokes the Namf_Communication_N2InfoNotify service towards the LMF indicated by the routing identifier received in step 5. The service operation includes the Network Positioning message received in step 5 and the LCS Correlation identifier. Steps 1 to 6 may be repeated to request further location information and further NG-RAN capabilities.

[bookmark: _Toc153792678]6.11.4	Positioning Procedure over User Plane
The flow below shows a positioning procedure used by an LMF and/or UE over User Plane. The procedure is based on use of the LPP protocol defined in TS 37.355 [20] between the LMF and UE. Prerequisite of this procedures is User Plane establishment between UE and LMF described in in clause 6.18.


[bookmark: _CRFigure6_11_41]Figure 6.11.4-1: Positioning Procedure over User Plane
1.	[Optional] The UE or LMF use the Secure UP transfer one or multiple LPP message(s). If LMF starts the procedure the LMF may request location information and/or measurements from the UE, and/or provide assistance data to/from the UE and/or query for the capabilities; if UE starts procedure, UE may request assistance data from LMF and/or providing location data and/or capability information to LMF.
2.	[Optional] The UE or LMF processes capabilities information, assistance data, and/or location measurements/calculations.
3.	[Optional] The UE or LMF may send one or multiple LPP message(s) using the Secure UP transfer.
NOTE:	Step 1, step 2 and step 3 can occur in any order, sequentially or concurrently.
Editor's note:	This procedure will be updated according to the protocol stack decision made by CT WG1.

4.3.11	Positioning Reference Unit, PRU
A UE may support the functions of a PRU. The PRU supports the following functions including functions defined in TS 38.305 [9]:
-	Support service level association, association update and disassociation with a serving LMF.
-	The PRU sends service level association, association update or disassociation to LMF via LCS supplementary service message.
-	Support association with multiple LMFs. e.g. for the case a PRU is in multiple LMF overlapped serving areas.
-	The PRU information included in a PRU association or PRU association update contains one or more than one of the following aspects:
-	PRU Positioning Capabilities.
-	Location information if known.
-	PRU ON/OFF state.
	PRU ON/OFF states indicate temporarily availability of the PRU functionality of a UE at the serving LMF.
A UE accesses 5G network via NR satellite shall not operate as a PRU.


6.17	Procedures applicable to a PRU
6.17.1	PRU Association Procedure
Figure 6.17.1-1 shows a procedure used by a PRU to associate as a PRU with a serving LMF. The procedure is used for initial PRU Association with the serving LMF which may occur when the PRU first starts to access the HPLMN. The procedure can also be used to perform a PRU Association update to inform the serving LMF of the continued availability of the PRU or to inform the serving LMF of some change to the PRU such as a change of location (e.g. a change of tracking area or change of serving AMF) or a change of the PRU positioning capabilities. The PRU shall only perform the Association procedure in the HPLMN.


Figure 6.17.1-1: PRU Association Procedure
Precondition:	The PRU is currently registered in the HPLMN. For initial PRU Association, a Routing Identifier may have been configured in the PRU indicating the serving LMF. For subsequent PRU Association, a Routing ID indicating a serving LMF has been returned to the PRU at step 6a or 6b of a previous PRU Association procedure.
NOTE 1:	A Correlation ID and a Routing ID are different terms for the same identifier. The term "Correlation ID" is used for an identifier in service operations between an AMF and LMF while the term "Routing ID" is used for an identifier in a NAS message sent over the N1 reference point between a PRU and AMF.
1.	The PRU performs a UE Triggered Service Request if in CM IDLE state.
2.	The PRU sends a supplementary services PRU Association Request to the serving AMF in an UL NAS TRANSPORT message and includes any preconfigured Routing ID for an initial Association or the Routing ID if received at step 6a or step 6b for a previous PRU Association procedure. The PRU Association Request is included in the UL NAS TRANSPORT message at the NAS level. The PRU Association Request includes a reason for the PRU Association (e.g. initial PRU Association, or PRU Association update), the PRU's positioning capabilities, location information (if known) or PRU ON/OFF state.
3.	The AMF verifies whether the sender of the PRU Association Request is a PRU using subscription information from the UDM. AMF verifies based on subscription information or local policy if PRU can work as stationary PRU.
4.	The AMF selects the serving LMF based on the criteria defined in clause 5.1 or one of the Routing ID if included in the UL NAS TRANSPORT message of step 2. The AMF may override the Routing ID based on criteria of clause 5.1. The AMF transfers the PRU Association Request to the serving LMF using an Namf_Communication_N1MessageNotify service operation. The AMF includes in the Namf_Communication_N1MessageNotify service operation an indication of whether the request corresponds to a PRU subscription and indication if PRU is stationary. The AMF also includes the SUPI, TAI and cell ID of the PRU.
5a.	If the AMF indicates in step 4 that the request corresponds to a PRU and if the LMF can accept the PRU Association, the serving LMF returns a PRU Association Accept, as a supplementary services message, using Namf_Communication_N1N2MessageTransfer service operation towards the AMF, and a Correlation ID. The Correlation ID is assigned by the serving LMF to identify the serving LMF and optionally the PRU. The PRU Association Accept indicates conditions for performing PRU Association updates with the serving LMF which may include a periodic PRU Association update timer and PRU Association update based on a change of PRU location, change of PRU TAI, change of serving AMF, or change of PRU ON/OFF state. For a PRU whose state is OFF, PRU information is kept at the serving LMF.
NOTE 2:	A periodic PRU Association is independent of a periodic NAS Registration and may occur with greater, equal or lesser frequency.
6a.	The serving AMF forwards the PRU Association Accept and a Routing ID equal to the Correlation ID to the PRU in a DL NAS TRANSPORT message. The PRU stores the Routing ID which is used for any further PRU Association update with the serving LMF. This Routing ID overrides any Routing ID used in previous Association updates, if any.
5b.	If the AMF indicates in step 4 that the request does not correspond to a PRU subscription or if the serving LMF cannot accept the PRU Association for some other reason (e.g. the serving LMF is not the correct serving LMF for the PRU), the serving LMF returns a PRU Association Reject message, using Namf_Communication_N1N2MessageTransfer service operation towards the AMF, and may include the Routing ID of a new serving LMF if the request at step 4 corresponds to a PRU.
6b.	The serving AMF forwards the PRU Association Reject in a DL NAS TRANSPORT message to the PRU.
7.	If PRU Association is performed successfully as in steps 5a and 6a, the serving LMF may optionally verify any PRU location provided at step 4 or obtain a more accurate location of the PRU using the procedures defined in clause 6.11. The LMF also stores information received for the PRU. If PRU Association update including only a state change is performed, the serving LMF may consider the previously verified PRU location is valid.
8.	If PRU Association is performed successfully as in steps 5a and 6a and if this is an initial PRU Association or if this is a PRU Association update and information for the PRU has changed and if PRU is stationary the serving LMF may optionally instigate an Nnrf_NFManagement_NFUpdate Request service operation towards an NRF and includes an existence indication of a PRU associated with a TAI.
	The LMF also indicates to the NRF to remove the TAI associated existence of PRU(s) when there are no longer any PRUs associated in the LMF for this TAI.
9.	If step 8 requested by LMF the NRF returns a confirmation response to the serving LMF.
10.	After being rejected at step 6b, if there are new available Routing ID(s), the PRU may perform a PRU Association procedure with the new serving LMF.
NOTE 3:	The PRU may be configured with a limit on the number and/or duration of unsuccessful PRU Association attempts. When this limit is reached the PRU considers itself disassociated.
6.17.4	Positioning of a target UE
Figure 6.17.4-1 shows a procedure used by a serving LMF for a target UE to obtain a location of the target UE using location information provided by one or more PRUs.


Figure 6.17.4-1: Location of a target UE using PRUs
1.	The serving LMF for the target UE and other PRU serving LMFs may use the procedures defined in clause 6.11 to obtain location information from one or more PRUs associated in the serving LMF and in the other PRU serving LMFs that is not related to the target UE. For example, the location information may include location information for the PRU(s) or for the NG-RAN or both.
2.	The serving LMF for the target UE receives a location request from the serving AMF for the target UE. The location request may be included in an Nlmf_Location_DetermineLocation Request service operation for a 5GC-MO-LR, 5GC-MT-LR or 5GC-NI-LR for the target UE. Alternatively, the location request may be implied by receipt of an Namf_Communication_N1MessageNotify service operation carrying a supplementary services event report from the target UE for a periodic or triggered 5GC-MT-LR.
3.	The serving LMF uses the procedures defined in clause 6.11 to obtain location information for the target UE from the target UE and/or from the NG-RAN and may determine pre-calculated location of target UE. During the procedures, the LMF decides to use PRUs to improve the positioning result.
4.	The serving LMF selects one or more PRUs associated with the serving LMF based on the PRU ON/OFF state information to assist in locating the target UE. The selected PRU(s) may be nearby to an initial location estimate for the target UE obtained at step 3 or indicated by a serving cell identifier for the target UE received at step 2.
NOTE 1:	The PRU selection criteria are implementation specific and may be based on operator policies.
5.	The serving LMF may optionally invoke an Nnrf_NFDiscovery Request service operation to an NRF. The service operation includes a PRU indication and an area which could be TAs decided by the serving LMF of the target UE based on the serving cell of the target UE.
6.	If step 5 is performed, the NRF selects one or more other PRU serving LMFs based on the PRU indication and the area received in step 5 and sends an Nnrf_NFDiscovery Response to the serving LMF of target UE. The service operation includes the profiles of the other PRU serving LMFs selected by the NRF.
7.	If steps 5 and 6 are performed, the serving LMF of the target UE may send an Nlmf_Location_MeasurementData Request service operation to one or more of the other PRU serving LMFs indicated at step 6. The service operation for each of the other PRU serving LMFs includes target UE cell ID or pre-calculated location of target UE in step 3 and may include time windows for scheduling of PRU measurements.
8.	The serving LMF uses the procedure defined in clause 6.11.1 to obtain location information (e.g. PRU location coordinates, associated location quality/uncertainty of the PRU together with any performed location measurements) related to the target UE from the PRU(s) selected at step 4.
9.	If steps 5-7 are performed and if PRU information is included in the PRU serving LMF profile sent by the NRF to the target UE serving LMF, each of the other PRU serving LMFs for step 7 uses the procedure defined in clause 6.11.1 to obtain the location measurements and/or location requested at step 7 from each of the PRUs identified at step 7 for this LMF.
	If steps 5-7 are performed PRU serving LMFs for step 7 selects one or more PRUs based on the locally associated PRU information and information in the location measurements requested (the target UE cell ID, or pre-calculated location of target UE), and uses the procedure defined in clause 6.11.1 to obtain the location measurements requested at step 7 from each of the selected PRUs.
NOTE 2:	Steps 3, 8 and 9 can be performed in any order, including simultaneously. If the LMF determines that simultaneous measurements for UE and PRU(s) are needed, the LMF determines time window(s) in a positioning method dependent manner for simultaneous measurements and sends the time window(s) to UE, PRU(s) and NG-RAN. Definition of the time window and the associated configuration parameters, and the corresponding positioning methods are specified in TS 37.355 [20] and TS 38.455 [15].
10.	If step 9 is performed, each of the other PRU serving LMFs for step 9 returns the location measurements and the known PRU location obtained from PRUs at step 9 to the serving LMF for the target UE.
11.	The serving LMF for the target UE determines the location of the target UE based on the location information obtained at step 1 (if step 1 is performed), step 3, step 8 and step 10.
12a.	If an Nlmf_Location_DetermineLocation Request service operation for a 5GC-MO-LR, 5GC-MT-LR or 5GC-NI-LR was received at step 2, the serving LMF returns the location estimate of the target UE to the serving AMF.
12b.	If an Namf_Communication_N1MessageNotify service operation carrying a supplementary services event report from the target UE for a periodic or triggered 5GC-MT-LR was received at step 2, the serving LMF sends an event report for the target UE to a GMLC with the location estimate obtained at step 11 as described in clause 6.3.1.


TS 23.003 defines identifiers of user equipment:
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The structure and allocation principles of the International Mobile station Equipment Identity and Software Version number (IMEISV) and the International Mobile station Equipment Identity (IMEI) are defined below.
The Mobile Station Equipment is uniquely defined by the IMEI or the IMEISV.
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The International Mobile station Equipment Identity (IMEI) is composed as shown in figure 10.


Figure 10: Structure of IMEI
The IMEI is composed of the following elements (each element shall consist of decimal digits only):
-	Type Allocation Code (TAC). Its length is 8 digits;
-	Serial Number (SNR) is an individual serial number uniquely identifying each equipment within the TAC. Its length is 6 digits;
-	Check Digit (CD) / Spare Digit (SD): If this is the Check Digit see paragraph below; if this digit is Spare Digit it shall be set to zero, when transmitted by the MS.
The IMEI (14 digits) is complemented by a Check  Digit (CD). The Check Digit is not part of the digits transmitted when the IMEI is checked, as described below. The Check Digit is intended to avoid manual transmission errors, e.g. when customers register stolen MEs at the operator's customer care desk. The Check Digit is defined according to the Luhn formula, as defined in annex B.
NOTE:	The Check Digit is not applied to the Software Version Number.
The security requirements of the IMEI are defined in 3GPP TS 22.016 [32].
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The International Mobile station Equipment Identity and Software Version Number (IMEISV) is composed as shown in figure 11.


Figure 11: Structure of IMEISV
The IMEISV is composed of the following elements (each element shall consist of decimal digits only):
-	Type Allocation Code (TAC). Its length is 8 digits;
-	Serial Number (SNR) is an individual serial number uniquely identifying each equipment within each TAC. Its length is 6 digits;
-	Software Version Number (SVN) identifies the software version number of the mobile equipment. Its length is 2 digits.
Regarding updates of the IMEISV: The security requirements of 3GPP TS 22.016 [32] apply only to the TAC and SNR, but not to the SVN part of the IMEISV.
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The Type Allocation Code (TAC) is issued by the GSM Association in its capacity as the Global Decimal Administrator. Further information can be found in the GSMA TS.06 [109] .
Manufacturers shall allocate individual serial numbers (SNR) in a sequential order.
For a given ME, the combination of TAC and SNR used in the IMEI shall duplicate the combination of TAC and SNR used in the IMEISV.
The Software Version Number is allocated by the manufacturer. SVN value 99 is reserved for future use.
[bookmark: _Toc19695298][bookmark: _Toc27225363][bookmark: _Toc36112221][bookmark: _Toc36112624][bookmark: _Toc44854183][bookmark: _Toc51839576][bookmark: _Toc57880168][bookmark: _Toc57880573][bookmark: _Toc57880978][bookmark: _Toc120005597][bookmark: _Toc155123879]6.4	Permanent Equipment Identifier (PEI)
In 5GS, the Permanent Equipment Identifier (PEI) identifies a UE.
The PEI is defined as:
-	a PEI type: in this release of the specification, it may indicate an IMEI or IMEISV, a MAC address or an IEEE Extended Unique Identifier (EUI-64); and
-	dependent on the value of the PEI type:
-	an IMEI as defined in clause 6.2.1; or
-	an IMEISV as defined in clause 6.2.2; or
-	a MAC address (48-bit MAC identifier, as defined in IETF RFC 7042 [132]); or
-	an IEEE Extended Unique Identifier (EUI-64), for UEs not supporting any 3GPP access technologies, as defined in IEEE "Guidelines for Use of Extended Unique Identifier (EUI), Organizationally Unique Identifier (OUI), and Company ID (CID)" [136].
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