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1. [bookmark: _Ref115425183][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RANP#102 meeting, a Rel-19 work item on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface was approved [1]. The work item is basically based on the study item outcome as reported in TR 38.843 [2]. One of the objectives is to provide specification support for the AI/ML use-case for positioning accuracy enhancements. The scope is described as follows:
	· Positioning accuracy enhancements, encompassing [RAN1/RAN2/RAN3]:
· Direct AI/ML positioning:
· (1st priority) Case 1: UE-based positioning with UE-side model, direct AI/ML positioning
· (2nd priority) Case 2b: UE-assisted/LMF-based positioning with LMF-side model, direct AI/ML positioning
· (1st priority) Case 3b: NG-RAN node assisted positioning with LMF-side model, direct AI/ML positioning
· AI/ML assisted positioning 		 
· (2nd priority) Case 2a: UE-assisted/LMF-based positioning with UE-side model, AI/ML assisted positioning	
· (1st priority) Case 3a: NG-RAN node assisted positioning with gNB-side model, AI/ML assisted positioning
· Specify necessary measurements, signalling/mechanism(s) to facilitate LCM operations specific to the Positioning accuracy enhancements use cases, if any
· Investigate and specify the necessary signalling of necessary measurement enhancements (if any)
· Enabling method(s) to ensure consistency between training and inference regarding NW-side additional conditions (if identified) for inference at UE for relevant positioning sub use cases




In RAN1#116bis meeting, we have made the following selected agreements [3]:
	Agreement
For AI/ML based positioning Case 3b, for gNB channel measurements reported to LMF, the timing information is represented relative to the existing UL RTOA reference time T0+tSRS as defined in TS 38.215. 
FFS: whether it is applicable when Case 3b is used to support multi-RTT 
Conclusion
· It is out of RAN1 scope to decide whether/how synthetic data (i.e., not direct physical data) and related entities are used in AI/ML based positioning. In RAN1 discussion, data (e.g., measurement data, label data) refer to physical data, not synthetic data.

Working Assumption
For training data generation of AI/ML based positioning Case 1, the measurement and its related data (e.g., timestamp) are generated by PRU and/or Non-PRU UE.

Agreement
For training data generation of AI/ML based positioning Case 3a and 3b, the measurement and its related data (e.g., timestamp) are generated by TRP/gNB.
Agreement
For training data collection of AI/ML based positioning, the collected data sample can include the following components:
Part A:
· channel measurement 
· quality indicator of channel measurement
· time stamp of channel measurement
Part B:
· ground truth label (or its approximation)
· quality indicator of label
· time stamp of label
Note: “Part A” and “Part B” terminologies are only for RAN1 discussion purpose, and may not be used in specification. 
Note: contents in Part A and Part B may or may not be generated by different entities.
Note: Part A and/or Part B, and their contents may or may not apply for each case
FFS: detailed definition of channel measurement
Working Assumption
For training data generation of AI/ML based positioning Case 2a and 2b, the channel measurement and its related data (e.g., time stamp) are generated by PRU and/or non-PRU UE.
Working Assumption
For training data generation of AI/ML based positioning Case 1, the label and its related data (e.g., time stamp) can be generated by: 
· PRU
· Non-PRU UE with estimated location
· LMF 
Note: transfer of the label and its related data is out of RAN1 scope.
Working Assumption
For training data generation of AI/ML based positioning Case 2a, the label and its related data (e.g., time stamp) can be generated by: 
· PRU
· Non-PRU UE with estimated location
· LMF 
Note: transfer of the label and its related data is out of RAN1 scope.
Working Assumption
For training data generation of AI/ML based positioning Case 2b, the label and its related data (e.g., time stamp) can be generated by: 
· PRU 
· Non-PRU UE with estimated location
· LMF
Note: transfer of label and its related data is out of RAN1 scope.
Working Assumption
For training data generation of AI/ML based positioning Case 3b, the label and its related data (e.g., time stamp) can be generated by:
· PRU
· FFS: Non-PRU UE with estimated location
· LMF
Note: transfer of label and its related data is out of RAN1 scope.
Agreement
For training data generation of AI/ML based positioning Case 3a, the label and its related data (e.g., time stamp) can be generated by at least:
· LMF 
Note: transfer of label and its related data is out of RAN1 scope. 
Note: whether other network entities can generate label for Case 3a is out of RAN1 scope. 
Agreement
For AI/ML positioning Case 3a, for model performance monitoring metric calculation in label-based model monitoring, study the feasibility of the following options. To provide information on how to generate information on ground truth label for each option.
· Option A.	NG-RAN node performs monitoring metric calculation for its own model.
· Option B.	LMF performs monitoring metric calculation for the model located at the NG-RAN node.
Note: Final selection of Option A and Option B is out of RAN1 scope, but RAN1 can make recommendation about the option(s), and potential support of Option A and/or Option B is pending RAN3 confirmation.
Note: Exact method to perform the monitoring metric calculation is up to implementation
Agreement
For model performance monitoring of AI/ML positioning Case 1, for model performance monitoring metric calculation in label-based model monitoring, study the feasibility, benefits, and potential specification impact of the following options with regard to how to generate information on ground truth label: 
· Option A. The target UE side performs monitoring metric calculation. 
· Option A-1. At least information on ground truth label of the target UE is generated by LMF and provided to the target UE. 
· In one example, target UE and/or gNB sends measurement (e.g., legacy measurement) to LMF so that LMF can derive the information on ground truth label.
· Option A-2. At least position calculation assistance data (e.g., existing information for UE-based positioning method) is provided from LMF to the target UE.
· Option A-3. Reuse Rel-18 assistance data transfer framework from LMF to the target UE, where the PRU measurement (e.g., legacy measurement) and the corresponding PRU location are sent via LMF to the target UE. 
· Option A-4. PRU measurement (and the corresponding PRU location if not already known at the UE-side) are sent from PRU to the target UE side (e.g., target UE, OTT server). 
· Note: Option A-4 can be realized by implementation in a manner transparent to specification if the PRU sends information to the target UE side in a proprietary method.
· Option B. The LMF performs monitoring metric calculation.
· Option B-1. at least inference result (i.e., the model output corresponding to target UE’s channel measurement) of the target UE is sent by the target UE to LMF. 
· Option B-2. PRU’s channel measurement is sent via LMF to the target UE, and the inference result (i.e., the model output corresponding to PRU’s channel measurement) is sent by the target UE to LMF.
Note: exact method to perform the monitoring metric calculation is up to implementation. 
Note: Other options are not precluded.



This contribution provides our views on various aspects to support AI/ML for positioning accuracy enhancements, including data collections, model monitoring and updates, and positioning measurement enhancements by AI/ML.
2. Discussion
A general AI/ML framework for NR air interface has been developed during the study item phase. The purpose is to facilitate the AI/ML operation for NR air interface in various use-cases, including positioning. The aim of the framework is to cover a general architecture addressing the whole AI model life cycle, Life Cycle Management, (LCM), including such as data collection, model training, etc. The connection between different function blocks in LCM is illustrated Figure 1 taken from [2].
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[bookmark: _Ref158797839]Figure 1: Functional framework for AI/ML for NR [2] 

Data Collection
Data collection is a process of collecting data by the network nodes, management entity, or UE for the purpose of AI/ML model training, data analytics, and inference. 
Data collection is a fundamental step in development and training of AI/ML model. It gathers relevant information and observations that are used to train, validate, and test the AI/ML model and its algorithms. In the context of AI-based positioning, the LMF can be responsible for data collection. For example, to develop an AI/ML model for positioning purpose, the LMF needs to collect data from UE and/or gNB. These data can be raw measurements taken from the radio reference signal, or some features extracted from the raw measurements. 
Additionally, it is essential to label the collected data. The data labeling ensures that each piece of data is associated with the label itself, such as the ground truth location of the UE. This linkage between information data and ground truth location is the key in training AI models sufficiently and in improving positioning estimation accuracy. 
Data collection relies on cooperation between information generation entity (e.g., UE, gNB) and the server/management functions (e.g., LMF). During the whole process, the information generation entity (UE, gNB) provides positioning measurements and other data needed in model training. Subsequently. it reports the data to LMF. LMF collects the information data and proceed with data analysis, post-processing and model training.
Unlike the legacy positioning scheme, AI/ML positioning may require massive data collection, which requires UE or gNB to report Channel Impulse Response (CIR) measurements to the LMF. CIR measurements contain rich information which reflects the channel conditions between the UE and gNB. This information can be exploited for AI/ML model training and/or inference. Beyond that, the LMF needs to also be aware of the ground truth label associated with each CIR measurement report. The CIR measurements and the labels normally are generated from the UE, PRU or gNB depending on the signaling direction (DL or UL). These information needs to be reported over the air to the LMF.  While as of today, there is no mechanism of reporting it.
[bookmark: _Ref158871841][bookmark: _Toc166247082]Proposal 1: Support radio channel characteristics reporting in a form of channel impulse response (CIR) for AI/ML positioning.

The data collection operation differs depending on the positioning techniques and/or the AI/ML positioning cases. In DL -based operation, gNB transmits DL-PRS to UE. UE measures the received DL-PRS and estimates the Channel Impulse Response (CIR). Then it reports CIR measurements and the ground truth label to the LMF. It should be noted that in the DL case, CIR measurement and GT label are reported from the same entity. In UL-based operation, gNB measures SL-SRS signal and reports CIR to LMF. The GT label is reported by the UE. The illustration of the DL and UL operation is shown in the following figures.
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Figure 2: Illustration of data collection for AI-based positioning in DL (left) and in UL (right)
Reporting raw CIR measurement requires heavy signaling overhead. CIR measurement is normally implemented by UE in DL positioning or gNB in UL positioning. One raw CIR measurement should at least cover the wireless channel of interest, with duration dependent on the deployment scenario (outdoor or indoor) and the environment’s delay spread. The reportsize may depend on the measurement samples per UE-gNB link. It can be impractical to report a large data packet every positioning occasion. Thus, it becomes important to consider report size reduction without compromising the positioning accuracy.
[bookmark: _Toc166247083]Proposal 2: Support configurable CIR measurement report (e.g., report size, measurement window size) in an effort to reduce the signalling overhead.
The labelling aspect as described earlier is commonly used for AI/ML supervised model training. The concept is to learn the relationship between the model input and the expected model output using a neural network. In the case of model training for positioning, LMF requires CIR measurement data (as AI model input) and the corresponding labels (as expected AI model output). Thus, besides the CIR report, UE also needs to convey the label and the association between CIR measurement and the corresponding label. In RAN1#116bis, it was agreed that the training data collection for AI/ML positioning, the collected data sample can include two parts, namely: part A and part B [3]. For clarity s, it may be better to provide a more appropriate naming for those parts. The part A contains channel measurements, quality indicator of channel measurements, and time stamp of channel measurements. Part B contains ground truth label, quality indicator of the label, and time stamp of the label. We propose to name the part A and part B as the measurement data and label data, respectively.
[bookmark: _Toc166247084]Proposal 3: The part A and part B in the collected data sample (for training data collection of AI/ML based positioning) refer to the measurement data and label data, respectively. 

Two cases of AI/ML assisted positioning with different priorities have been listed as part of the normative work of AI/ML positioning. The first priority is the case of NG-RAN node assisted positioning with gNB-side model (Case 3a) and as second priority is the case of UE-assisted/LMF-based positioning with UE-side model (Case 2a). 
Data collection is used for the model training so that the AI/ML model can be produced. The AI/ML model can be created in a network node, such as AI/ML data analytic function or LMF and then later to be used at the UE or gNB depending on the AI/ML cases. For simplicity, we can consider LMF as the network node which performs the model training. We expect the LMF as a network node to have better computational power and better power capacity/source than the UE. Furthermore, LMF may receive information or data collection from many nodes (UEs, gNBs, etc) as the input to create, train, re-train the AI/ML model. Once the AI/ML model has been created/ updated, the AI/ML model can be provided to the UE for AI/ML UE-side model or gNB for AI/ML gNB-side model. Subsequently, the UE or gNB performs AI/ML model inference. 
[bookmark: _Toc166247085]Proposal 4: Support model transfer operation from server node (e.g., LMF) to UE/gNB to support AI/ML-assisted positioning.
The AI/ML model being transferred shall have a predefined structure and the model parameters. A complex structure can be provided in the case when high positioning accuracy is required and also for the case when the UE has high computational power capability. A specific model structure may be required for different types of AI/ML positioning modes (e.g., assisted or direct) and for different positioning techniques. Further study is required to define the detailed model structure and parameters for model transfer. AI/ML model structure and parameters can consider at least the following aspects:
· The inference model can be partially or fully provided.
· The time validity of the inference model.
· The structure (i.e., number and types of layers, interconnections, etc.) of the predictive neural network as part of the inference model.
· The measurements that the UE should perform associated with the provided inference model.

[bookmark: _Toc166247086]Proposal 5: Define the AI/ML model structure and parameters for model transfer to support AI/ML-assisted positioning.

Model Input
RAN1 has made some progress on AI/ML model input aspect by producing several agreements in RAN1 #116 meeting [4]. The model input can be in a form of the obtained time domain channel measurements. Two alternatives were identified, such as the sample-based and path-based measurements. 
We consider sample-based measurement has some advantages for the AI/ML model input over the path-based measurements. The sample-based measurement is information rich. This would provide more freedom in utilizing the model input and it can lead to improvement of the positioning estimation accuracy. Furthermore, we consider that the sample-based measurement could still be further processed to generate the timing information for each path via post-processing at the LMF side. 
One can argue that sample-based measurement may have larger signaling overhead (i.e., measurement size) than the path-based measurement. However, the richness of the information carried by the sampled-based measurements should be the main consideration. Furthermore, the reporting size of sampled-based measurement can be configured depending on the need of the model training. For example, the window size of the sampled-based measurement can be adjusted.
The time-domain channel measurement is expected to be generated by the UE/gNB. For example, for downlink-based positioning, the information is provided by the UE and for uplink-based positioning the measurement information is provided by the gNB. In terms of implementation, the legacy UE is in principle capable of performing the sample-based computation for positioning measurements. We expect this has no significant implementation changes in the legacy UE in order to support sample-based measurement.
In terms of the applicability of the sample-based time domain channel measurements, it can be applicable to all of the AI/ML positioning cases when the AI/ML is deployed in the LMF (LMF-side model). In this case, it can be applied in Case 2a, 2b, 3a, and 3b.
[bookmark: _Toc166247087]Proposal 6: Support sample-based time domain channel measurements as the AI/ML model input.

Model Output
For AI/ML assisted positioning case 2a and case 3a, LOS/NLOS indicator is supported for reporting. It is also agreed that the indicator can be reported as soft indicator or hard indicator as defined in TS 38.214. It means the LOS/NLOS indicator reporting format is reusing the legacy NR positioning. For these two cases, it would be beneficial for the LMF to be aware whether the reported LOS/NLOS indicator is based on the legacy measurement or based on AI/ML computation. The UE or gNB provides extra efforts in producing LOS/NLOS indicator with AI/ML computation. The LMF can expect the LOS/NLOS indicator with AI/ML computation can be more accurate in comparison to the legacy NR positioning. We propose, the report is also accompanied with an indication whether the LOS/NLOS indicator is generated based on AI/ML or not. It is not guaranteed that the AI/ML computation will always improve the accuracy. At least, the LMF should be aware that the reported LOS/NLOS indicator is computed differently than the legacy NR positioning (i.e., with AI/ML computation). Subsequently, the LMF can trust LOS/NLOS indicator obtained from AI/ML computation than the LOS/NLOS indicator from the legacy NR positioning.
[bookmark: _Toc166247088]Proposal 7: For AI/ML assisted positioning case 2a and case 3a, the positioning measurement reporting includes the indication whether the LOS/NLOS indicator is based on AI/ML computation or not.

Model Inference Operation
For case 1, case 2a, and case 3a, the AI/ML model (i.e., AI/ML model inference) is performed in the radio network node, such as at the UE or gNB. The UE/gNB uses a trained AI/ML model to produce a set of outputs based on a set of inputs. In the context of AI/ML positioning, the model input can be the positioning measurement, such as positioning measurement (e.g., the legacy NR positioning measurements based on Time Different of Arrival (TDOA), signal / power strength measurement, phase measurement (Angle of Arrival (AoA), Angle of Departure (AOD)). These positioning measurements are calculated based on the received reference signals, such as DL-PRS. The training / generation of AI/ML can be performed at the radio node itself or in another node. The trained AI/ML model is created based on some measurements, in which the measurement is also based on the received reference signal, including DL-PRS. The model output of AI/ML model inference can be the positioning estimation of the UE (This is known as direct AI/ML positioning) or an improved positioning measurement results or a new set of measurements (an accurate TDOA measurements, improve LOS/NLOS identification, etc). This operation is illustrated in Figure 3. 
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[bookmark: _Ref165271701]Figure 3: AI/ML model Inference operation
Ideally, the inputs to the training data collection and the inputs to be used for AI/ML model inference are using the same set of parameters and/or the same characteristics. For example, the inputs of these two operations are based on the received reference signals (e.g., DL-PRS) with the same characteristics, such as the same transmit power, the same bandwidth, the same TRPs, the same signal quality, etc. However, the radio channel propagation can be changed over time. Furthermore, the UE may also move from one location to another. Performing AI/ML model inference with the data collection input based on DL-PRS that has different characteristics than the DL-PRS characteristics for the AI/ML model generation may result in the degradation on the AI/ML model output. We consider it is important to maintain consistency between AI/ML training and AI/ML inference. This can be facilitated by identifying the reference signal characteristics (e.g., DL-PRS) and associate to the corresponding AI/ML process (e.g., AI/ML training or AI/ML inference). The reference signal characteristics can be represented by a set of parameters of the reference signals.
[bookmark: _Toc166247089]Proposal 8: Define a set of parameters (e.g., part/all of DL-PRS configuration, received signal quality, etc) representing reference signal characteristics to be used for AI/ML positioning.
[bookmark: _Toc166247090]Proposal 9: Associate the reference signal characteristics to the trained AI/ML model and AI/ML model inference operation.
The association of the reference signal characteristics to the trained AI/ML model and the association of the reference signal characteristics to the AI/ML model inference operation could facilitate the node performing A/ML model to evaluate / compare whether the trained AI/ML model (to be used for AI/ML model inference) and AI/ML model inference are based on the same reference signal characteristics or not. The AI/ML model inference operation with a consistent reference signal characteristics could lead an accurate AI/ML model output.
[bookmark: _Toc166247091]Proposal 10: Further study the signalling procedure to ensure the consistency between AI/ML training and AI/ML inference.

Model Performance Monitoring & Update
It can be observed in Figure 1 that the Model Management is the core of LCM, connecting to all the other components. The objective of model management function is to automatically monitor the model performance or the model validity at different model deployment entities (UEs or gNBs). Consequently, it is also tasked to constantly deliver the up-to-date models, to guarantee the best model performance. In our view, Model Management function mainly triggers two procedures: Model Switching and Model Updating.
In many cases, AI/ML model may only be valid or can achieve good performance in some designated areas or under certain conditions. However, these areas or conditions may be subject to environment change or UE behavior change. When there are some changes but UE/gNB does not adapt to an up-to-date model, the AI/ML positioning accuracy could be comprised. For instance, consider a scenario in a production line where the configuration/constellation of machines might change. This rearrangement of the environment can impact channel conditions and propagation characteristics, such as LOS.  Continuously employing an outdated model in the UE/gNB may result in compromised positioning performance.
Therefore, it is essential to implement updating mechanism so that accurate positioning estimation can still be guaranteed. It is worth noting that based on simulation carried out in the SI, an inaccurate / obsolete AI/ML model could lead to positioning estimates even worse than the calculation without AI/ML (i.e., legacy NR positioning).
As for the AI/ML positioning, the UE or gNB receives the AI/ML model from a server (e.g., LMF or dedicated AI/ML server). The AI/ML model is used to produce a set of outputs based on a set of inputs, so called AI/ML inference. AI/ML model inference is performed by UE or gNB depending on the AI/ML cases, for example:
-	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 3a: NG-RAN node assisted positioning with gNB-side model, AI/ML assisted positioning
In certain conditions/scenarios, the obtained AI/ML model requires some updates. However, the AI/ML model update mechanisms involve various nodes, and various positioning techniques. A solution is that the UE or gNB which performs AI/ML model inference can determine the validity of AI/ML model and can trigger model updating. In order to achieve this,  LMF can provide criteria/conditions which comprises model updating criteria/condition(s) to the UE or gNB, in assisting UE/gNB to assess whether the deployed model fits the current environment such as whether the model is up-to-date.
[bookmark: _Toc166247092]Proposal 11: In order to support AI/ML model update (e.g., in case 1), the AI/ML server/management (e.g., LMF) sends criteria (e.g., parameters for performance evaluation, thresholds) to the UE/gNB performing AI/ML model inference.
The UE or gNB performs model monitoring, including computation and measurement to assess the validity of the AI/ML model. Once the assessment is done, the UE or gNB can send an indication to the AI/ML server/management (e.g., LMF) to trigger retraining of the given AI/ML model. In such case, the current protocol, such as LPP and NRPPa, can carry the indication to LMF and gNB, respectively.
[bookmark: _Toc166247093]Proposal 12: UE or gNB to provide an indication of AI/ML model validity to the AI/ML server/management (e.g., LMF).

3. Conclusion
In this contribution, we provide our views various aspects to support AI/ML for positioning accuracy enhancements. The proposals are listed below.
Proposal 1: Support radio channel characteristics reporting in a form of channel impulse response (CIR) for AI/ML positioning.
Proposal 2: Support configurable CIR measurement report (e.g., report size, measurement window size) in an effort to reduce the signalling overhead.
Proposal 3: The part A and part B in the collected data sample (for training data collection of AI/ML based positioning) refer to the measurement data and label data, respectively.
Proposal 4: Support model transfer operation from server node (e.g., LMF) to UE/gNB to support AI/ML-assisted positioning.
Proposal 5: Define the AI/ML model structure and parameters for model transfer to support AI/ML-assisted positioning.
Proposal 6: Support sample-based time domain channel measurements as the AI/ML model input.
Proposal 7: For AI/ML assisted positioning case 2a and case 3a, the positioning measurement reporting includes the indication whether the LOS/NLOS indicator is based on AI/ML computation or not.
Proposal 8: Define a set of parameters (e.g., part/all of DL-PRS configuration, received signal quality, etc) representing reference signal characteristics to be used for AI/ML positioning.
Proposal 9: Associate the reference signal characteristics to the trained AI/ML model and AI/ML model inference operation.
Proposal 10: Further study the signalling procedure to ensure the consistency between AI/ML training and AI/ML inference.
Proposal 11: In order to support AI/ML model update (e.g., in case 1), the AI/ML server/management (e.g., LMF) sends criteria (e.g., parameters for performance evaluation, thresholds) to the UE/gNB performing AI/ML model inference.
Proposal 12: UE or gNB to provide an indication of AI/ML model validity to the AI/ML server/management (e.g., LMF).
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