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1. Introduction
In RAN#102 meeting, a new SID on AI/ML enhancements for NG-RAN [1] was approved, then RAN #103 meeting revised it and approved a new version [2]. The objectives of this study include two new use cases and the enhancements for Rel-18 features as below. 
	The aim of this study item is to further investigate new AI/ML based use cases and identify enhancements to support AI/ML functionality, and further discussions on the Rel-18 leftovers.
The detailed objectives of the SI are listed as follows:
· Study two new AI/ML based use cases, i.e., Network Slicing and CCO, with existing NG-RAN interfaces and architecture (including non-split architecture and split architecture). 
· Rel-18 leftovers as candidates for normative work, based on the Rel-18 principles, as follows:
-   Mobility optimization for NR-DC
-   Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
-   Energy Saving enhancements, e.g., Energy Cost Prediction
-   Continuous MDT collection targeting the same UE across RRC states
-   Multi-hop UE trajectory across gNBs
Note: RAN3 should take the Rel-18 discussions into account.


This paper discusses the AI/ML-based Network Slicing, which is one of the new use cases. In the first meeting, we would like to discuss scenarios for AI/ML-based Network Slicing and discuss some potential solutions to enhance the Network Slicing performance by using AI/ML.
2. Discussion
2.1 Scenarios for AI/ML-based Network Slicing
Network Slicing is an important technology to guarantee the end-to-end service requirement by “slicing” network resources dedicated for a certain service type. Network resources can include those on RAN side and core network side. To meet different requirements from different users, several slices can be supported on the network, thus the resources for each slice are limited. For example, if zero resources are left for a certain slice, the NG-RAN would reject the UE(s) to access for this type of slice service. 
In current RAN specs, the NG-RAN node can exchange the slice support information. This information can be used for mobility purposes, i.e., source gNB can select a target node that supports the slice required for a UE. Besides, the NG-RAN node can exchange the load measurements (PRB usage) and slice available capacity for a slice in a cell. This information can be used for load balancing, which can reduce the access rejection because of congestion. 
Observation 1: In current RAN3 spec, the following information are supported to indicate the slice resources between NG-RAN nodes:
· Slice support information
· Per-cell per-slice load measurement and slice available capacity
The above information can be used for mobility and load balancing purposes.
In Rel-19, RAN3 proposed to improve the performance of Network Slicing by using AI/ML. in our view the new use cases including Network Slicing should be discussed by considering the high-level principles and agreements from Rel-18, i.e., model inference is located in the gNB-CU/gNB-CU-CP. Then, as also done in Rel-18, RAN3 should firstly focus on the non-split architecture and, once sufficient work has been done, also the split architecture enhancements to support the new use cases can be discussed. Besides, since the Network Slicing is an end-to-end use case, RAN3 should focus on the AI/ML-based optimization of the RAN part of the Network Slicing with no impact to the other domains.
Proposal 1: RAN3 to discuss and agree to study the new AI/ML-based use cases by taking the high-level principles and agreements from Rel-18 into account, i.e., AI/ML model inference function located in the gNB-CU/gNB-CU-CP.
Proposal 2: RAN3 to discuss and agree to start the study on the new use case starting from the non-split architecture first.
Proposal 3: Focus on the AI/ML-based optimization of the RAN part of the Network Slicing.
For AI/ML-based Network Slicing, we think that AI/ML can bring benefits in the following scenarios:
· Scenario 1. NG-RAN predicts the per-cell slice radio resources usage or availability, i.e., how many slice resources will be used or will be available in a certain point in time in the future, and indicates the information to the neighbouring node. This information can be used by the neighbouring node for mobility enhancement and load balancing. For example, a NG-RAN node can handover UE(s) in the near future to those nodes which are predicted to have more available slice resources based on the predicted information. 
· Scenario 2. NG-RAN predicts the UE’s slice resource requirements for a slice. If capable of the UE trajectory prediction, the slice resource requirements can be per cell. NG-RAN can indicate the predicted UE slice resource information to the target NG-RAN, e.g., during the HO preparation procedure. The target node can reserve resources for the UE based on the predicted information in advance.
RAN3 can start with the above cases for networking slicing and confirm the benefits for the above described scenarios.
Observation 2: the predicted per-cell slice resource information from neighbouring nodes can be used for mobility enhancement and load balancing decisions.
Observation 3: the predicted UE slice resource requirement information can help the target node to do resource reservation in advance.
Proposal 4. RAN3 to study the following two scenarios:
· Predicted per-cell slice resource information from neighbouring nodes for mobility enhancement and load balancing decisions.
· Predicted UE slice resource requirements from source node to target node for in-advance resource reservation.
Proposal 5: RAN3 to discuss and agree on the benefits from exploiting AI/ML for NG-RAN in the context of Network Slicing in the following scenarios: 
· Mobility enhancement & Load balancing: NG-RAN selects proper target node and target cell based on the predicted per-cell slice resource information from neighbouring nodes.
· Resource reservation: target NG-RAN node can reserve resources in advance based on predicted UE slice resource requirement information indicated by the source node.
2.2 Solutions for AI/ML-based Network Slicing
As stated in Section 2.1, predicted slice resource information with different granularities (i.e., per-cell or per-UE) can be used in different scenarios that could benefit from AI/ML in NG-RAN. This section discusses the potential solutions for the above two Scenario 1 and Scenario 2.  
2.2.1 Per-cell slice resource prediction
In Scenario 1, the NG-RAN can make the mobility decisions based on the per-cell slice resource prediction information from neighbouring node. We think that the Data Collection Reporting Initiation / Data Collection Reporting procedures introduced in Rel-18 can be reused to request and report the prediction information, as shown in Figure 1. 
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Figure 1. Data Collection procedures for predicted per-cell slice resource information.
Proposal 6. Data Collection Reporting Initiation / Data Collection Reporting procedures introduced in Rel-18 can be reused to request and report the per-cell slice resource prediction information.
Based on the currently-available information in the XnAP specification, we think it is feasible for the NG-RAN node to predict the following per-cell slice resource information
· Predicted slice available capacity of a cell
· Predicted PRB usage of a cell
· Predicted number of connected UEs
The first bullet can be used to determine whether there is available slice resources for more UE(s) to access, while the second and third bullets are used to evaluate the load information on a slice. NG-RAN node can exchange the above information based on the procedures in Figure 1. 
Proposal 7. NG-RAN can request and report the following prediction information for the AI/ML-based Network Slicing via the Data Collection Reporting Initiation & Data Collection Reporting procedures:
· Predicted slice available capacity of a cell
· Predicted PRB usage of a cell
· Predicted number of connected UEs.
2.2.2 Per-UE slice resource prediction
In the Scenario 2, a target NG-RAN node can reserve resources in advance based on the per-UE slice resource prediction information provided by source node. We think there could be two solutions to address this scenario:
· Solution 1. NG-RAN provides the predicted UE slice resource requirement information to the target NG-RAN node when handing over the UE to the target. 
· Solution 2. NG-RAN node reports the UE slice resource prediction information for the UEs that will be handed over from the neighbouring node based on the Data Collection Reporting Initiation procedure initiated by the neighbouring node.
In Solution 1, when the NG-RAN, named NG-RAN node 1, hands over a UE to the target NG-RAN, named NG-RAN node 2, it can indicate the slice resource requirement for this UE, e.g., in the HANDOVER REQUEST message, following similar principle and mechanism for provisioning the cell-based UE trajectory prediction in the Rel-18 Mobility Enhancement use case. If the NG-RAN node 1 is able to predict the UE trajectory, NG-RAN node 1 can indicate the slice resource requirement of each cell of the predicted UE trajectory.
In Solution 2, the NG-RAN node, named NG-RAN node 2, reports the per-UE predicted slice resource information to the neighbouring node, named NG-RAN node 1, based on the Data Collection Reporting procedure and the preceding Data Collection Reporting Initiation procedure initiated by NG-RAN node 1. It means that NG-RAN node 1 may request the predicted UE slice resource requirement in a future point in time by initiating the Data Collection Reporting Initiation procedure. The information can be the slice resource requirement for those UEs that will be handed over from NG-RAN node1 to NG-RAN node 2 in a future time point, for example, number of UEs, slice service type, PRB usage requirement. If the NG-RAN node 2 is able to predict the UE trajectory, it can indicate the slice resource requirement for each cell in the predicted UE trajectory.
RAN3 can discuss the above solutions for the per-UE slice resource prediction for in-advance resource reservation.
Proposal 8. RAN3 to discuss and agree the following solutions for the per-UE slice resource prediction information, which can be used for in-advance resource reservation.
· Solution 1. NG-RAN provides the predicted UE slice resource requirement information to the target NG-RAN node when handing over the UE to the target.
· Solution 2. NG-RAN node reports the UE slice resource prediction information for the UEs that will be handed over from the neighbouring node based on the Data Collection Reporting Initiation procedure initiated by the neighbouring node.
3. Conclusion
Based on the above discussion, we have the following proposals:
Observation 1: In current RAN3 spec, the following information are supported to indicate the slice resources between NG-RAN nodes:
· Slice support information
· Per-cell per-slice load measurement and slice available capacity
The above information can be used for mobility and load balancing purposes.
Proposal 1: RAN3 to discuss and agree to study the new AI/ML-based use cases by taking the high-level principles and agreements from Rel-18 into account, i.e., AI/ML model inference function located in the gNB-CU/gNB-CU-CP.
Proposal 2: RAN3 to discuss and agree to start the study on the new use case starting from the non-split architecture first.
Proposal 3: Focus on the AI/ML-based optimization of the RAN part of the Network Slicing.
Observation 2: the predicted per-cell slice resource information from neighbouring nodes can be used for mobility enhancement and load balancing decisions.
Observation 3: the predicted UE slice resource requirement information can help the target node to do resource reservation in advance.
Proposal 4. RAN3 to study the following two scenarios:
· Predicted per-cell slice resource information from neighbouring nodes for mobility enhancement and load balancing decisions.
· Predicted UE slice resource requirements from source node to target node for in-advance resource reservation.
Proposal 5: RAN3 to discuss and agree on the benefits from exploiting AI/ML for NG-RAN in the context of Network Slicing in the following scenarios: 
· Mobility enhancement & Load balancing: NG-RAN selects proper target node and target cell based on the predicted per-cell slice resource information from neighbouring nodes.
· Resource reservation: target NG-RAN node can reserve resources in advance based on predicted UE slice resource requirement information indicated by the source node.
· Proposal 6. Data Collection Reporting Initiation / Data Collection Reporting procedures introduced in Rel-18 can be reused to request and report the per-cell slice resource prediction information.
Proposal 7. NG-RAN can request and report the following prediction information for the AI/ML-based Network Slicing via the Data Collection Reporting Initiation & Data Collection Reporting procedures:
· Predicted slice available capacity of a cell
· Predicted PRB usage of a cell
· Predicted number of connected UEs.
Proposal 8. RAN3 to discuss and agree the following solutions for the per-UE slice resource prediction information, which can be used for in-advance resource reservation.
· Solution 1. NG-RAN provides the predicted UE slice resource requirement information to the target NG-RAN node when handing over the UE to the target.
· Solution 2. NG-RAN node reports the UE slice resource prediction information for the UEs that will be handed over from the neighbouring node based on the Data Collection Reporting Initiation procedure initiated by the neighbouring node.
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