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[bookmark: _Ref462817227]Introduction
[bookmark: _Ref462918989]As described in [1], the study on AI/ML in RAN3 will focus on the following:
This study item aims to study the functional framework for RAN intelligence enabled by further enhancement of data collection through use cases, examples etc. and identify the potential standardization impacts on current NG-RAN nodes and interfaces.  
The detailed objectives of the SI are listed as follows:
Study high level principles for RAN intelligence enabled by AI, the functional framework (e.g. the AI functionality and the input/output of the component for AI enabled optimization) and identify the benefits of AI enabled NG-RAN through possible use cases e.g. energy saving, load balancing, mobility management, coverage optimization, etc.:
[…]
a. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Study standardization impacts on the node or function in current NG-RAN architecture to receive/provide the input/output data.
b. Study standardization impacts on the network interface(s) to convey the input/output data among network nodes or AI functions.
One general objective for the work is that the studies should be focused on the current NG-RAN architecture and interfaces to enable AI support for 5G deployments.
As seen from the SI description above, the study to be carried out in RAN3 should be based on use cases. This paper focus on an analysis of the prioritized traffic steering use case.
[bookmark: _Toc461106288]Traffic steering using AI/ML
With Rel-16 some tools have been enabled to facilitate traffic steering decisions at a gNB, e.g. via Mobility Load Balancing or resource aggregations at gNB. 
Rel-17 normative work is ongoing to enhance such SON aspects, to increase the awareness of a gNB in terms of load, coverage and capacity aspects of neighboring nodes, so that a RAN node can take more informed decisions to handle the traffic. 
It is understood that one common aspect across different NR features under development is that information exchanged over various signaling interfaces (XnAP, X2AP, F1AP, E1AP), and related to load metrics,  indicates the result of measurements collected during a past measurement period. See e.g. the definitions currently reported for Radio Resource Status and Composite Available Capacity Group IEs in XnAP (TS 38.423 v16.5.0):
Radio Resource Status: The Radio Resource Status IE indicates the usage of the PRBs per cell and per SSB area for all traffic in Downlink and Uplink and the usage of PDCCH CCEs for Downlink and Uplink scheduling.
Composite Available Capacity Group: The Composite Available Capacity Group IE indicates the overall available resource level per cell and per SSB area in the cell in Downlink and Uplink.

Mobility Load Balancing
One important aspect that is still not considered, yet with the potential to greatly improve overall network performance, relates to the possibility to complement load measurements currently exposed over RAN interfaces with additional information related to predicted traffic and/or predicted load. This can be provided as input to AI/ML at RAN to improve traffic steering use case. 
In particular, we would like RAN3 to discuss the use of the following types of information:
· UE traffic related predictions
· RAN load predictions
UE traffic related predictions are based on actual end-user data and UE needs. Such predictions can be obtained with traditional methods, not necessarily requiring AI/ML at the UE. A RAN node can use this powerful tool for a RAN node to infer the evolution of load and traffic in a future time interval. For instance, a RAN node could exploit traffic predictions reports received from UEs to infer cell-level information related to future load metrics (such as CAC, Radio resource utilization etc.) or traffic metrics related to cells or SSB beams under its control, as well as for cells or SSB beams controlled by a neighbor RAN node. Moreover, if needed, UE traffic predictions received at a RAN node can be forwarded to a neighbor RAN node, for example to assist handover decisions (as UE-associated information).
RAN load predictions can also be inferred from a combination of currently available information (e.g. own load measurements and load measurements of neighbor RAN nodes) and new information, e.g. load indication derived from UE traffic predictions. Predicted load may also be exchanged between neighbor RAN nodes similarly to how legacy load measurements are currently exposed over RAN interfaces.
A possible mapping of the use case to the AI/ML framework described in [1] related to RAN load predictions, can be the following:
· the AI/ML model can reside in a CU-CP and:
· For predictions transferred within a RAN node, Model training and inference host is at CU-CP and the Actor is at DU
· For predictions transferred between RAN nodes, Model training and inference host is at the CU-CP of the RAN node sending the predictions and the Actor is at the CU-CP of the RAN node receiving the predictions.
In summary, traffic steering functions such as Mobility Load Balancing can be improved by using enriched information such as UE traffic predictions and RAN load prediction. 

RAN3 to discuss the use of UE traffic predictions and RAN load predictions to improve traffic steering decision for Mobility Load Balancing.

Handover and MR-DC
Traffic steering decisions can also be improved based on the outcome of past decisions, e.g. related to handover and dual connectivity (MR-DC). 
For example, before initiating a handover, the source gNB, could use feedbacks on UE performance collected after past successful handovers towards a neighbor gNB. 
Similarly, before triggering the addition of a Secondary gNB, an eNB could use feedbacks received in the past from the same SN node after successful completion of SN Addition procedures.
In the two reported examples, the source RAN node of a mobility event, or the Master Node (eNB for EN-DC, 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), and improve traffic steering decisions.
The following main set of information can be used to achieve improved traffic steering decisions:
· UE related feedbacks
· RAN related feedbacks
UE related feedbacks can be used as follows: 
· For handover: after a successful handover, the source RAN node can request and obtain from the target RAN node, UE related feedbacks to obtain an understanding of the UE performance in the target RAN node. 
· For dual connectivity: after successful completion of a dual connectivity procedure (e.g. SN Addition), the RAN node acting as Master Node can request and obtain from the Secondary Node, UE related feedbacks to obtain an understanding of the UE performance in dual connectivity when using the SN node.
RAN related feedbacks can be used as follows: 
· For handover: the target RAN node can send a feedback to the source RAN node, e.g. load measurements at the target RAN node. The source RAN node can use it to refine and improve future handover decisions. 
· For dual connectivity: the SN node can send a feedback to the MN node, e.g. load measurements at the SN node. The MN node can use it to refine and improve future decisions concerning PSCell/SCell(s) selection. 

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

RAN3 to discuss use of UE related feedbacks and RAN related feedbacks to improve traffic steering decisions for Handover and Dual Connectivity. 

Conclusion

1. RAN3 to discuss the use of UE traffic predictions and RAN load predictions to improve traffic steering decision for Mobility Load Balancing.
RAN3 to discuss use of UE related feedbacks and RAN related feedbacks to improve traffic steering decisions for Handover and Dual Connectivity. 

In this paper use cases concerning traffic Steering have been discussed. The following proposals have been drawn:
1. It is proposed to sufficiently progress the prioritized use cases on energy saving, load balancing, traffic steering/mobility optimization, i.e. at least by identifying their impact on the specifications, before starting the analysis of other new use cases
RAN3 to discuss the use of UE traffic predictions and load predictions at RAN for Mobility Load Balancing
RAN3 to discuss use of UE related feedbacks and RAN related feedbacks to improve mobility and dual connectivity. 
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[bookmark: _Toc55814334]5       Use Cases and Solutions for Artificial Intelligence in RAN
[bookmark: _Toc55814335]5.X	Use case: Load Balancing
5.X.1	Use case description
Mobility Load Balancing aims at finding optimal distribution of users among cells, e.g. transferring part of the traffic from congested cell to other cells by means of load balancing actions, to achieve efficient resource handling, e.g. adjusting mobility trigger points, and to select optimal configurations to serve a user, e.g. a certain combination of PCell/PSCell/SCells. 
The use case analyzed in this section consists of enabling AI/ML models to predict load measurements, mobility (e.g. handovers) or connectivity (e.g. DC configurations) decisions to achieve a more efficient resource handling and optimized traffic steering decisions.
Regarding the information exchanged over signaling interfaces on load metrics (XnAP, X2AP, F1AP, E1AP), one aspect in common across different NR features under development, is that such information is the result of measurements collected during a past measurement period.
This use case concerns making use of UE traffic and RAN load predictions in order to
increase the awareness of the traffic dynamics and of the UE performances or resource status achieved after traffic steering decisions have been taken.

5.X.2	Solutions and standard impacts
To increase the awareness of the traffic dynamics and enable more improved traffic steering decisions it is possible to complement the load measurements currently exposed over RAN interfaces with information related to predicted traffic and predicted load. 
· A RAN node can request and obtain UE traffic predictions, based on real end-user behaviour. This provides RAN with insights on the traffic that UEs would generate in the future. This mechanism implies configuring a UE to collect and report such prediction over RRC protocol, RAN2 needs to be consulted for that. 
· A RAN node can also predict its own load. This can be achieved by considering the own load, load information received from neighbor RAN nodes, and traffic predictions from UEs. Finally, RAN predictions can be signaled between RAN nodes. In addition to the signalling impact foreseen on RRC protocol, this second mechanism has an impact on RAN3 protocols, such as XnAP, X2AP, F1AP, E1AP to be discussed during the normative phase.
A high level signaling flow for the case described is shown in the figure below.
[image: ]
Figure 5.3.2-1: Example of signaling exchange to enable AI/ML support for load metrics predictions


5.Y	Use case: Handover and MR-DC
5.Y.1	Use case description
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, an eNB could use information (feedbacks) received in the past from the gNB for successfully completed SN Addition 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.Y.2	Solutions and standard impacts
Optimal handover setting and user configuration in MR-DC (e.g. a certain combination of PCell/PSCell/SCells) can be achieved by obtaining UE performances or resource status after a mobility event or after dual connectivity procedures have been successfully completed, as detailed below.
· For Handover, the source RAN node can request and obtain from the target RAN node, feedbacks related to the UE, after a successful handover, and obtain an understanding of the UE performance in the target RAN node. Foreseen impact on signaling relates to XnAP and NGAP.
· For MR-DC, the RAN node acting as Master Node can request and obtain from the Secondary Node, feedbacks related to the UE, e.g. after a successful SN Addition, and obtain an understanding of the UE performance in dual connectivity when using the SN node. Foreseen impact on signaling relates to X2AP and XnAP.
· For Handover, the target RAN node can provide feedback to the source RAN node, e.g. with information related to the load measured at the target RAN node. The source RAN node can use it to refine and improve future handover decisions. Foreseen impact on signaling relates to XnAP and NGAP.
· For MR-DC, the SN node can provide feedback to the MN node, e.g. with information related to the load measured at the target RAN node. The MN node can use it to refine and improve future decisions concerning the selection of PSCell/SCell(s). Foreseen impact on signaling relates to X2AP and XnAP.
High level signaling flows for the cases described are shown in the figures below.

[image: ]
Figure 5.3.2-2: Example of signaling exchange to enable AI/ML support for optimal handover target selection


[image: ]
Figure 5.3.2-3: Example of signaling exchange to enable AI/ML support for optimal SN/PSCell selection
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