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Introduction
During RAN3 #112e meeting, the following open issues were captured for load balancing use cases:
	Mobility optimization:
AI-based trajectory/location prediction is involved in the mobility optimization case to discuss the corresponding standard impact. 
The detailed standard impacts for mobility optimization should continue to discuss at next meeting. 
For trajectory/location prediction, UE mobility history information can be the input, and UE trajectory prediction or the predicted target cell can be the output.
 To be continued...


In this contribution, we mainly focus on the solutions and standard impact of AI-based mobility optimization. 
Discussion
Three issues are identified to optimize mobility with AI/ML: 1) reduce the probability of unintended events; 2) more accurate handover decision based on UE location/mobility/performance prediction; 3) traffic steering.
For issue 1, as supported in existing SON/MDT framework, unintended events are collected to reflect the results of each handover decision. RAN intelligence is proposed to use those collected events, associating with the configuration and handover trigger condition, so that the network can further optimize the handover decision and configurations. 
Observation 1: [bookmark: _Ref78940209]To reduce the probability of unintended events, NG-RAN can train an AI/ML model based on collected unintended events from SON/MDT. 
As discussed in the companion contribution [1], AI/ML model should be able to use the output of another AI/ML model by requesting the data from “Data Collection” function. Traffic steering is to adjust handover trigger points and select the optimal combination of Pcell/PSCell/Scells to serve a user. This use case can be easily extended from load balancing, as both solutions require analysis of the correlation between UE traffic and resource status. The handover target cell selection of both traffic steering and load balancing is based on the nature of traffic characteristic (e.g. traffic load for load balancing, QoS for traffic steering).
Observation 2: [bookmark: _Ref78940219]AI/ML model for load balancing can be extended to support traffic steering. The target gNB is predicted based on the AI/ML model analysis of the traffic characteristic.
For issue 2, UE location is considered to assist the handover decision, so that the UE can prepare for handover or the network can select a better coverage target cell for UE to connect. However, considering that a UE may be still moving during the mobility handover decision, it would be beneficial if the mobility handover target cell can be decided by the predicted location of UE, i.e. future UE location information. Currently, there’s no existing solution supporting mobility decisions based on UE location information. In the following contribution, we will mainly focus on the discussion of how network can use UE location information in AI/ML for mobility optimization.
UE Selection for AI-based Mobility Optimization
As discussed in companion contribution [1], the network should be able to select the most appropriate UEs to use AI/ML model. To get the location of one UE, either network or UE need to perform positioning function. When UE is performing positioning, it is very power consuming for a UE, as it need to monitor PRS, estimate the different angles of arriving signaling and perform positioning algorithm calculation.it Positioning is not a mandatory feature at the UE side. This makes the UE selection for AI-based mobility optimization more necessary and realistic, as only the selected UE(s) need to perform positioning and AI/ML based location prediction. This can save a lot of power at the innocent UE(s).
Observation 3: [bookmark: _Ref79063739]Performing positioning at UE side is power consuming, UE selection can help saving powers at the innocent UEs.
For mobility optimization, UE selection may be considered based on following criteria:
· Statistic of unintended mobility events
If the successful handover events collected for certain UE is very low, using AI/ML model with predicted information may greatly increase handover successful rate. The unintended events may include: Number of failed handover preparations, Number of failed handover resource allocation, Number of failed handover execution, etc. If the failed event collected by one UE is higher than a certain threshold, the network can select this UE to use AI/ML prediction and improve the handover success rate.
Alternatively, the threshold can also be set by the ratio between above event counts and the corresponding requested handover events.
· UE location information
The accuracy of the AI/ML model outcome highly depends on the coverage of the training data set. Sometimes, for a certain environment or scenario, the AI/ML model may not be able to make the right/precise decision (as the input is far beyond the data set coverage) and has low accuracy results. In mobility use cases, the wrong decision will lead to severe service interruption caused by failed handover. Hence, in the trigger condition for the gNB to seek additional AI support, a measure of past accuracy result for these scenarios along with the UE information could be incorporated. In this case, it is proposed the AI/ML based mobility model is used for the UEs with higher accuracy results which may be for more common scenarios for, e.g. moving along the road with a fixed speed/direction, etc. The easier UE’s trajectory can be predictable, the higher accuracy of AI/ML generated predicted handover. Hence, the network may select the UE based on, for example, UE’s current/future speed under a threshold, UE’s current/future speed is not changed for a certain time, UE’s current/future moving direction is unchanged for a certain time, etc.
· UE device type
For some environments, UE location can be easily predictable as the trajectory is following a known map, such as factory, road, indoor, etc. In this case, the network can also select the UE according to its device type as the type of UE environment may provide additional contextual information that would help the AI model in doing a more accurate job in predicting it’s trajectory.
Proposal 1: [bookmark: _Ref78940225]Network should be able to select UEs to perform AI/ML based mobility optimization based on the number of unintended mobility events, UE location information or UE device type.
LMF Predcited Location based Moblity Handover
In this solution, mobility handover decision is based on the assistance of LMF provided location information. Following the positioning procedure, NG-RAN will send measurement reports to the LMF. LMF is responsible to compute the location of the UE. Based on the stored measurement reports, the UE location information can then be predicted by LMF. Based on the predicted result of UE location and UE trajectory, NG-RAN can optimize the target cell selection and predict the best timing for certain UE to handover. The decision of target cell may also be impacted by other aspects, for example, load balancing based handover, etc.
In this scenario, the positioning AI/ML model for UE location information prediction is trained and inferenced at the LMF, while the predicted results are sent to RAN.
According to the UE’s predicted location, AI/ML model may generate a list of candidate target cells together with priority and handover execution timestamp. This list of candidate cells can be configured to the UE as part of conditional handover. Hence, UE can select one target cell in the list and perform handover at the corresponding handover execution timestamp. The selected handover target cell is the one which has the highest priority among candidate cells in the list.
Proposal 2: [bookmark: _Ref78940232][bookmark: _Hlk78937438]LMF sends a list of UE’s predicted location information to NG-RAN, and NG-RAN configures a list of AI/ML predicted candidate target cells (including cell ID, priority, handover execution timestamp, etc) to the UE based on predicted location and other predicted information.
An example message flow of this solution is shown as below:


Figure 1. LMF Predicted Location based Mobility Handover
UE Reporting based Mobility Handover
Alternatively, the future location information of UE can also be reported from UE itself. The future location information can either be predicted UE location based on AI/ML model, or the known near-term UE location which is received from its application layer. The UE may provide a location information list which includes the near-term/predicted locations, corresponding to multiple timestamps in the near-term.
Proposal 3: [bookmark: _Ref78940237]UE to report a list of UE’s predicted/near-term location information to NG-RAN, corresponding to multiple timestamps in the near-term.
An example message flow of this solution is shown as below:


[bookmark: _Hlk78925929]Figure 2. UE Reporting based Mobility Handover
OAM-assisted Mobility Handover
As specified in TR 28.809 [3], mobility management is also supported in MDA with the assistance of AI/ML. Similar as load balancing which is discussed in the companion contribution [2], OAM MDA can provide analytics report to gNB via MDAS. For mobility enhancement, following information can be provided which are specified in [3]:
· Analytics report of gNB resource consumption
· Beam level inter-gNB handover performance
· Predicted radio resource
· Predicted possible target cells
· Analytics report of mobility performance
· Analytics report of user trajectory-based handover
· UE load analytics report
Besides, gNB may also request MDA to deploy ML model for mobility optimization directly. Same as load balancing, RAN3 should check the feasibility of this solution with SA5.
Proposal 4: [bookmark: _Ref78940244]NG-RAN can decide the optimal target cell based on the analytics report generated by MDA.
An example of OAM-assisted mobility handover is shown as below:


Figure 3. OAM-assisted Mobility Handover
However, compared with Model Training locates at NG-RAN, the model trained at OAM may not be suitable for real-time mobility decision, as it lacks real-time information as well as UE-level measurements. Hence, it is suggested that the model training and inference should locate at NG-RAN for AI/ML based mobility optimization use case, so that the trained AI/ML can be suitable to make precise and real-time decision.
Observation 4: [bookmark: _Ref79065581]Model Training and Model Inference locate at NG-RAN is more suitable for AI-based mobility optimization, as mobility requires an accurate handover decision based on real-time system.
A text proposal for the above solutions and standard impact is provided in Annex A.
Proposal 5: [bookmark: _Ref71193068]Agree the corresponding text proposal to TR 37.817 in Annex A.
Conclusion
In this contribution, we proposed three solutions for AI-based mobility optimization and analyze the required input/output for Model Training, Model Inference and potential standard impacts.
We propose the following observations and proposals:
Observation 1: To reduce the probability of unintended events, NG-RAN can train an AI/ML model based on collected unintended events from SON/MDT.
Observation 2: To support traffic steering, AI/ML model for load balancing can be extended to support traffic steering. The target gNB is predicted based on the AI/ML model analysis to of the traffic characteristic.
Observation 3: Performing positioning at UE side is power consuming, UE selection can help saving powers at the innocent UEs.
Proposal 1: Network may should be able to select UEs to perform AI/ML based mobility optimization based on the number of unintended mobility events, UE location information or UE device type.
Proposal 2: LMF sends a list of UE’s predicted location information to NG-RAN, and NG-RAN configures a list of AI/ML predicted candidate target cells (including cell ID, priority, handover execution timestamp, etc) to the UE based on predicted location and other predicted information.
Proposal 3: UE may to report a list of UE’s predicted/near-term location information to NG-RAN, corresponding to multiple timestamps in the near-term.
Proposal 4: NG-RAN can decide the optimal target cell based on the analytics report generated by MDA.
Observation 4: Model Training and Model Inference locate at NG-RAN is more suitable for AI-based mobility optimization, as mobility requires an accurate handover decision based on real-time system.
Proposal 5: Agree the corresponding text proposal to TR 37.817 in Annex A.
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Annex A – Text Proposal to TR 37.817 
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
[bookmark: _Toc55814334]5       Use Cases and Solutions for Artificial Intelligence in RAN
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
[bookmark: _Toc55814335]5.3	Mobility Optimization
[bookmark: _Toc248178753][bookmark: _Toc527969759][bookmark: _Toc7688][bookmark: _Toc55814336][bookmark: _Hlk46760209]5.3.1	Use case description
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
[bookmark: _Toc55814337]5.3.2	Solutions and standard impacts
Editor Note: Capture the solutions for the use case, including potential standard impacts on existing Nodes, functions, and interfaces
5.3.2.1 LMF Predicted Location based Moblity Handover


Figure 5.3.2.1-1. LMF Predicted Location based Mobility Handover
Step 1: LMF or OAM will generate AI/ML model based on historical UE location information and perform Model Training and Model Inference.
Step 2 (optional): NG-RAN selects UE(s) which meet the criteria of using AI/ML assisted mobility optimization.
Step 3: There might be other AI/ML models in NG-RAN. NG-RAN is allowed to perform concurrent model training and inference among different AI/ML models for different use cases.
Step 4: NG-RAN indicates the selected UE ID to OAM or LMF. NG-RAN may also indicate the expected predicted location period. 
Step 5: LMF or CN sends the predicted UE’s location information to NG-RAN.
Step 6: NG-RAN also receives predicted information from other AI/ML models which may also be useful to mobility optimization. For example, predicted traffic load, predicted resource status, etc.
Step 7: Based on the received predicted information and predicted UE location, NG-RAN generates a list of candidate handover cell, together with its priority and handover execution timestamp.
Step 8: NG-RAN configures UE with the AI/ML generated candidate handover cell, with priority and handover execution timestamp.
Step 9: The UE may select the handover target cell with the highest priority and perform handover at the configured execution timestamp. If handover failed, the UE is allowed to select another target cell from the list, and repeat Step 9. If the handover execution timestamp expires, the UE may delete this cell from the list.
The input data include:
-	Predicted location information of UE (based on UE’s current speed/location/trajectory info)
-	predicted/current load of UE
-	Target cell current/predicted resource status
-	Current/predicted resource status of its own cell
The output of ML model include:
-	Whether the UE should perform handover 
-	the list of target cells with priority and the timing of handover
Standard impact:
· Uu interface impact:
· Conditional handover configuration to include AI/ML predicted list of candidate target cell
· NRPPa or NG interface impact:
· Support predicted UE’s location information transfer from CN to NG-RAN.
· LMF
· Support AI/ML based positioning model training and model inference
5.3.2.2 UE Reporting based Mobility Handover


Figure 5.3.2.2-1. UE Reporting based Mobility Handover
Step 1 (optional): NG-RAN selects UE(s) which meet the criteria of using AI/ML assisted mobility optimization.
Step 2: NG-RAN configures the selected UE to perform positioning and AI/ML based location prediction. NG-RAN may also indicate the expected predicted location period. 
Step 3: There might be other AI/ML models in NG-RAN. NG-RAN is allowed to perform concurrent model training and inference among different AI/ML models for different use cases.
Step 4: UE predicted its location information or get the future/near-term location from its application layer directly. 
Step 5: NG-RAN also receives predicted information from other AI/ML models which may also be useful to mobility optimization. For example, predicted traffic load, predicted resource status, etc.
Step 6: UE reports a list of predicted location information to NG-RAN, including corresponding timestamp.
Step 7: Based on the received predicted information and predicted UE location, NG-RAN generates a list of candidate handover cell, together with its priority and handover execution timestamp.
Step 8: NG-RAN configures UE with the AI/ML generated candidate handover cell, with priority and handover execution timestamp.
Step 9: The UE may select the handover target cell from the highest priority and perform handover at the configured execution timestamp. If handover failed, the UE is allowed to select another target cell from the list, and repeat Step 9. If the handover execution timestamp expires, the UE may delete this cell from the list.
The input data include:
-	Predicted location information of UE 
· near-term/future Latitude, longitude (mandatory); 
· near-term/future Velocity (mandatory); 
· near-term/future Altitude (conditional on availability); 
· near-term/future Uncertainty (conditional on availability); 
· near-term/future Confidence (conditional on availability); 
· near-term/future Direction (conditional on availability).
· near-term/future Timestamp (mandatory)
-	predicted/current load of UE
-	Target cell current/predicted resource status
-	Current/predicted resource status of its own cell
The output of ML model include:
-	Whether the UE should perform handover 
-	the list of target cells with priority and the timing of handover
Standard impact:
· Uu interface impact:
· UE future/predicted location information reporting to NG-RAN
· Conditional handover configuration to include AI/ML predicted list of candidate target cell
5.3.2.3 OAM assisted Moblity Handover



Figure 5.3.2.3-1. OAM-assisted Mobility Handover
Step 1: NG-RAN node 1 and 2 report collected measurement data to OAM. The reported data is used for mobility optimization Model Training.
Step 2: OAM trains the mobility ML model based on collected data, and generate predicted possible target cells, predicted traffic load, analytics report, etc.
Step 3: NG-RAN node 1 requests analytics report from OAM MDA.
Step 4: OAM sends the requested information, including analytics report, via MDAS.
Step 5: NG-RAN node 1 selects the most appropriate target cell among the possible target cells in analytics report, based on current traffic, resource status, channel condition, etc.
Step 6: NG-RAN node 1 configures handover command to the UE which will be handover to NG-RAN node 2. UE performs handover and connects to the target gNB.
Step 7: UE reports MDT reports (e.g. packet loss rate, packet delay, etc) to the target gNB. NG-RAN node 1 and 2 should also report its cell capacity and QoS related information to OAM for Model update.
The input data and output of ML model are defined in TR 28.809 [Y].
Standard impact: No standard impact to RAN.
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