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Abstract of the contribution: This paper proposes a solution for KI#1.
Discussion
Key issue 1 is defined as follows:
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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
-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.
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Figure 6.4.1-1: Direct AI/ML positioning
Thus, Channel measurements for multiple Transmission reception points (TRPs) are used to determine the location.


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.

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: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc157534624][bookmark: _Toc160781923]6.X.1	Description
[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) location reported by the UE 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.
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 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 of entity performing the model training is ffs.
· 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.
· 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.
· 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.
· 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 note:	 This selection of entity performing the model accuracy monitoring is ffs.
[bookmark: _Toc160781924]6.X.2	Procedures
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Figure 6.X.2.1-1: Training a 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.
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 tand 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.	Comment by Gerald Kunzmann: Do we need a corresponding step for this?	Comment by Nokia r0: I prefer not to have too many RAN details shown in the flow
6.	For each selected UE and each related measurement time, the NG-RAN node requests the UE to report its location.
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 a model for UE assisted positioning


Figure 6.X.2.2-1: Training a 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.
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.
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 inquires the Permanent Equipment Identifier (PEI) of the UE.
3. The AMF uses configured information 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.
4. 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.
5. 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
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, the 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
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, the 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):
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
· 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
· 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 receive assistance measurement
Accuracy monitoring entity (LMF or NWDAF/MTLF):
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, 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.

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.
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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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