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[bookmark: _Ref462817227]Introduction
[bookmark: _Ref462918989]In this paper we discuss one of the main use cases discussed in AI/ML study phase i.e., traffic steering and in particular we address the signaling solutions for the measurement collection from the UE and the target RAN nodes of the mobility procedures to enhance the performance of the AI/ML based traffic steering function. 
[bookmark: _Toc461106288]Traffic steering using AI/ML
It has been agreed in 3GPP WG RAN3 meeting 112 to focus on AI enabled use cases such as energy saving, load balancing, traffic steering, and the relevant information should be studied case by case.
- As a starting point, focus on at least the following use cases: Energy saving, load balancing, traffic steering/mobility optimization (other use cases, e.g. optimization of physical layer parameters, are not precluded)
- Augmented information should be studied case by case, e.g. history info, info needed for prediction, etc.


  

It is noticed that information exchange over various signalling interfaces (XnAP, X2AP, F1AP, E1AP) may increase awareness at the gNBs of neighbour cells load, coverage and capacity aspects. Such awareness becomes very useful when designing solutions based on AI/ML. In this regard, we address how provided measurements by UE and the neighbouring RAN nodes of the mobility procedures can assist the network to enhance the performance of the AI/ML based mobility optimization function.
Handover procedure
Mobility procedures in NR (handover and dual connectivity) are currently carried out without taking into account the UEs experience after successful execution of the procedures. Such procedures can be enhanced by increasing RAN awareness about post mobility UE performance. This would allow the source gNB to not only evaluate whether a target cell is good from a radio point of view (e.g., before handover execution, based on UE reports) but also to consider quality of service and user experience after successful mobility to the target cell. 
The source RAN node can subscribe to the neighbour RAN nodes requesting for specific feedback on post-mobility performance. Performance feedback received from the neighbouring RAN nodes, after mobility to such nodes has been completed, can be used as input to an AI/ML function supporting traffic related decisions (e.g. selection of target cell in case of mobility). Given that these inputs show the performance of the UE at the target, after mobility, they can improve traffic steering decisions towards cells where performance is maximised. An example of high-level signalling flow for the case described is shown in the figure below.
 

Figure 1: Example of signaling exchange to enable mobility feedback after handover.	

By means of this procedure, NG-RAN node 1 can obtain mobility feedback information including the measurements and UE configuration from NG-RAN node 2, after the handover to NG-RAN node 2 has been completed. The steps of the message sequence chart above are described here.

1.	The NG-RAN node 1 initiates a Mobility Feedback Reporting procedure towards the NG-RAN node 2 and sends a MOBILITY FEEDBACK REQUEST message to the NG-RAN node 2. The MOBILITY FEEDBACK REQUEST contains a request to start Mobility Feedback Reporting including the measurements (e.g. throughput, latency, radio link quality, cell dwelling time) and configurations (e.g., dual connectivity, carrier aggregation). 
2.	The NG-RAN node 2 sends a MOBILITY FEEDBACK RESPONSE message to the NG-RAN node 1. 
3.	The NG-RAN node 2 initiates a Mobility Feedback Reporting procedure towards NG-RAN node 1 and sends MOBILITY FEEDBACK UPDATE message(s) to the NG-RAN node 1, including feedback measurements and configuration.
4.	The NG-RAN node 1 may send a request to the UE to report traffic and trajectory related information. Traffic related information can include assistance information on user traffic (e.g. predicted data rate, packet size, packet delay, next packet arrival time). UE trajectory information can include assistance information on the UE trajectory (e.g., UE speed, UE location)
5.	The UE sends to the gNB-CU of the NG-RAN node 1 assistance information concerning traffic and trajectory.
6-7.	The UE performs HO towards a neighbouring cell in which the source subscribed for feedback report
8.	 The UE provides measurement report(s) based on the configurations received for the feedback as part of handover command. The measurement report may include radio and performance measurements, assistance information on experienced QoS.
9.	The NG-RAN node 2 sends MOBILITY FEEDBACK UPDATE message(s) to the NG-RAN node 1, including assistance information collected at the UE and network side.

With the assistance information received from NG-RAN node 2, NG-RAN node 1 is able to take a better decision on the mobility target to choose in a future mobility event. Such decision can be supported by an AI/ML process that may predict the best mobility target cell also on the basis of past performance of the UE at the target

Dual connectivity procedures 
Similarly, before triggering the addition of a Secondary gNB, an MN-gNB could benefit of receiving  feedback from the same SN node after successful completion of SN Addition procedures.
The MN RAN node can subscribe to the neighbour RAN nodes, requesting for specific feedback. Performance feedback received from the neighbouring RAN nodes, after dual connectivity setup to such nodes has been completed, can be used as input to an AI/ML function supporting traffic related decisions (e.g. optimal selection of SN node). Given that these inputs show the performance of the UE at the SN, after dual connectivity setup, they can improve traffic steering decisions towards cells where performance is maximised. An example of high-level signalling flow for the case described is shown in the figure below.

Figure 2: Example of signalling exchange to enable mobility feedback after SN addition procedure.

By means of this procedure, NG-RAN node 1 can obtain mobility feedback information including the measurements and UE configuration from NG-RAN node 2, when SN addition procedure has been completed. The steps of the message sequence chart above are described here.
1.	The MN initiates a Mobility Feedback Reporting procedure towards the SN and sends a MOBILITY FEEDBACK REQUEST message to the SN. The MOBILITY FEEDBACK REQUEST contains a request to start Mobility Feedback Reporting including the measurements (e.g. throughput, latency, radio link quality, cell dwelling time) and configurations (e.g., dual connectivity, carrier aggregation). 
2.	The SN sends a MOBILITY FEEDBACK RESPONSE message to the MN. 
3.	The SN initiates a Mobility Feedback Reporting procedure towards MN and sends MOBILITY FEEDBACK UPDATE message(s) to the MN, including feedback measurements and configuration.
4.	The MN may send a request to the UE to report traffic and trajectory related information. Traffic related information can include assistance information such as  data rate, packet size, packet delay, next packet arrival time. UE trajectory information can include assistance information on UE trajectory (e.g., UE speed, UE location, etc.)
5.	The UE sends to the MN-gNB-CU assistance information concerning  traffic and trajectory.
6-7.	The UE performs SN addition toward a configured cell in which the source subscribed for feedback report.
8.	 The UE provides measurement report(s) based on the configurations received for the feedback as part of SN addition procedure. The measurement report may include radio and performance measurements, assistance information on experienced QoS.
9.	The SN sends MOBILITY FEEDBACK UPDATE message(s) to the MN including assistance information collected at the UE and network side.
Measurements required
Table 1 shows some of the measurements required from the UE and the target RAN node (or the SN) to enhance the decisions in AI/ML algorithms. 
· UE side measurements: A RAN node can request and obtain UE assistance information on traffic and trajectory, based on real end-user behaviour. This provides RAN with insights on the traffic and direction of the UEs in the future. This mechanism implies configuring a UE to collect and report such i over RRC protocol, RAN2 needs to be consulted for that. 
· Network side measurements: A target RAN node (or the SN) can also measure performance related metrics such as throughput and packet delay for the UEs. In addition, the target RAN node (or the SN) can feedback the configurations used for the UE while the UE was dwelling at the target cell (or PSCell). Finally, UEs provided measurements and the RAN measurements can be compiled and signaled to the source RAN node (or the MN). This second mechanism has an impact on RAN3 protocols, such as XnAP, X2AP, NGAP to be discussed during the normative phase.

TABLE 1: Performance feedback information and measurements from target cell or PSCell
	UE side measurements
	Network side measurements

	· Trajectory information (e.g. speed, position, etc.)
· Assistance Information on Traffic
· Quality of experience e.g., buffer level
· Successful HO measurements
· Radio link failure information
	· Traffic steering configuration used for the UE e.g., multi-connectivity and carrier aggregation
· Load information
· DL/UL throughput 
· DL/UL latency
· Cell dwelling time



Mapping of mobility optimization use case to AI/ML framework
A possible mapping of the use case to the AI/ML framework described in [1] can be the following:
· For UE related feedback and RAN related feedback in case of Handover, the Model training and inference host is at CU-CP of the source RAN node, the Actor is at CU-CP of the target RAN node
· For UE related feedback and RAN related feedback in case of MR-DC, the Model training and inference host is at the MN node (CU-CP in case of gNB), the Actor is at CU-CP of the SN node

Conclusion
In this contribution the AI/ML use case on traffic steering was further detailed in terms of procedures and information to be exchange within the RAN. 
A TP capturing the proposals above is proposed for agreements below.

TP to TR37.817

//////////////////////////////////////////////   FIRST CHANGE ////////////////////////////////////////////////

[bookmark: _Toc55814334]5       Use Cases and Solutions for Artificial Intelligence in RAN

[bookmark: _Toc55814338]5.X	Mobility Optimization
[bookmark: _Toc55814339]5.X.1	Use case description
[bookmark: _Toc55814340]Mobility management is the scheme to guarantee the service-continuity during the mobility by minimizing the call drops, RLFs, unnecessary handovers, and ping-pong. For the future high-frequency network, as the coverage of a single node decreases, the frequency for UE to handover between nodes becomes high, especially for high-mobility UE. In addition, for the applications characterized with the stringent QoS requirements such as reliability, latency etc., the QoE is sensitive to the handover performance, so that mobility management should avoid unsuccessful handover and reduce the latency during handover procedure. However, for the conventional method, it is challengeable for trial-and-error-based scheme to achieve nearly zero-failure handover. The unsuccessful handover cases are the main reason for packet dropping or extra delay during the mobility period, which is unexpected for the packet-drop-intolerant and low-latency applications. In addition, the effectiveness of adjustment based on feedback may be weak due to randomness and inconstancy of transmission environment. Besides the baseline case of mobility, areas of optimization for mobility include dual connectivity, CHO, and DAPS, which each have additional aspects to handle in the optimization of mobiltity. 
Mobility aspects of SON that can be enhanced by the use of AI/ML include
· Reduction of the probability of unintended events
· UE Location/Mobility/Performance prediction
· Traffic Steering 
Reduction of the probability of unintended events associated with mobility. 
Examples of such unintended events are:
· Intra-system Too Late Handover: A radio link failure (RLF) occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
· Intra-system Too Early Handover: An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
· Intra-system Handover to Wrong Cell: An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
RAN Intelligence could observe multiple HO events with associated parameters, use this information to train its ML model and try to identify sets of parameters that lead to successful HOs and sets of parameters that lead to unintended events.
UE Location/Mobility/Performance Prediction
Predicting UE’s location is a key part for mobility optimisation, as many RRM actions related to mobility (e.g. selecting handover target cells) can benefit from the predicted UE location/trajectory. UE mobility prediction is also one key factor in the optimization of early data forwarding particularly for CHO. UE Performance prediction when the UE is served by certain cells is a key factor in determining which is the best mobility target for maximisation of efficiency and performance.
Traffic Steering
Efficient resource handling can be achieved adjusting handover trigger points and selecting optimal combination of PCell/PSCell/SCells to serve a user. 
Existing traffic steering can also be improved by providing a RAN node with information related to mobility or dual connectivity. 
For example, before initiating a handover, the source gNB, could use feedbacks on UE performance collected for successful handovers occurred in the past and received from neighboring gNBs. 
Similarly, for the case of dual connectivity, before triggering the addition of a secondary gNB or triggering SN change, an eNB could use information (feedbacks) received in the past from the gNB for successfully completed SN Addition or SN Change procedures.
In the two reported examples, the source RAN node of a mobility event, or the RAN node acting as Master Node (a eNB for EN-DC, a gNB for NR-DC) can use feedbacks received from the other RAN node, as input to an AI/ML function supporting traffic related decisions (e.g. selection of target cell in case of mobility, selection of a PSCell / SCell(s) in the other case), so that future decisions can be optimized.
5.X.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.X.2.1 Solution for Mobility Optimization
An example of high-level signaling flow for the case described is shown in the figure below.
 


Figure 5.X.2.1.1: Example of signaling exchange to enable mobility feedback after handover.	
By means of this procedure, NG-RAN node 1 can obtain mobility feedback information including the measurements and UE configuration from NG-RAN node 2, after the handover to NG-RAN node 2 has been completed. 
1.	The NG-RAN node 1 initiates a Mobility Feedback Reporting procedure towards the NG-RAN node 2 and sends a MOBILITY FEEDBACK REQUEST message to the NG-RAN node 2. The MOBILITY FEEDBACK REQUEST contains a request to start Mobility Feedback Reporting including the measurements (e.g. throughput, latency, radio link quality, cell dwelling time) and configurations (e.g., dual connectivity, carrier aggregation). 
2.	The NG-RAN node 2 sends a MOBILITY FEEDBACK RESPONSE message to the NG-RAN node 1. The NG-RAN node 2 may indicate full support or partial support for the requested predicted load metrics.
3.	The NG-RAN node 2 initiates a Mobility Feedback Reporting procedure towards NG-RAN node 1 and sends MOBILITY FEEDBACK UPDATE message(s) to the NG-RAN node 1, including feedback measurements and configuration.
4.	The NG-RAN node 1 may send a request to the UE to report traffic and trajectory related information. Traffic related information can include measurements or predictions of user traffic (e.g. data rate, packet size, packet delay, next packet arrival time). UE trajectory information can include measurement or prediction of the UE trajectory (e.g., UE speed, UE location, prediction of trajectory and speed)
5.	The UE sends to the gNB-CU of the NG-RAN node 1 measurement report(s) including traffic and trajectory related information (including measurements and predictions).
6-7.	The UE performs HO towards a neighbouring cell in which the source subscribed for feedback report
8.	 The UE provides measurement report(s) based on the configurations received for the feedback as part of handover command. The measurement report may include radio and performance measurements, prediction of traffic, UE speed and trajectory.
9.	The NG-RAN node 2 sends MOBILITY FEEDBACK UPDATE message(s) to the NG-RAN node 1, including feedback measurements and configuration collected at the UE and network side.

5.X.2.2 Solution for Dual Connectivity
An example of high-level signaling flow for the case described is shown in the figure below.


Figure 5.X.2.2.1: Example of signaling exchange to enable mobility feedback after SN addition procedure.
By means of this procedure, NG-RAN node 1 can obtain mobility feedback information including the measurements and UE configuration from NG-RAN node 2, when SN addition procedure has been completed. 
1.	The MN initiates a Mobility Feedback Reporting procedure towards the SN and sends a MOBILITY FEEDBACK REQUEST message to the SN. The MOBILITY FEEDBACK REQUEST contains a request to start Mobility Feedback Reporting including the measurements (e.g. throughput, latency, radio link quality, cell dwelling time) and configurations (e.g., dual connectivity, carrier aggregation). 
2.	The SN sends a MOBILITY FEEDBACK RESPONSE message to the MN. The SN may indicate full support or partial support for the requested predicted load metrics.
3.	The SN initiates a Mobility Feedback Reporting procedure towards MN and sends MOBILITY FEEDBACK UPDATE message(s) to the MN, including feedback measurements and configuration.
4.	The MN may send a request to the UE to report traffic and trajectory related information. Traffic related information can include measurements or predictions of user traffic (e.g. data rate, packet size, packet delay, next packet arrival time). UE trajectory information can include measurement or prediction of the UE trajectory (e.g., UE speed, UE location, prediction of trajectory and speed)
5.	The UE sends to the gNB-CU of MN measurement report(s) including traffic and trajectory related information (including measurements and predictions).
6-7.	The UE performs SN addition toward a configured cell in which the source subscribed for feedback report.
8.	 The UE provides measurement report(s) based on the configurations received for the feedback as part of SN addition procedure. The measurement report may include radio and performance measurements, prediction of traffic, UE speed and trajectory.
9.	The SN sends MOBILITY FEEDBACK UPDATE message(s) to the MN including feedback measurements and configuration collected at the UE and network side.
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