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1 Introduction

RAN#102 has agreed the SI to further investigate the new AI/ML based use cases and identify the enhancement to support AI/ML functionality in NG-RAN as RP-234054.
There are three RAN3 related objectives:

· 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.
In the paper we discuss the potential interface impact for AI/ML enabled slicing. 

2 Discussion
Slicing provides a paradigm to support services with highly diverse QoS via separating resources within a common infrastructure. Network uncertainty (e.g. load, etc.) and delayed reconfiguration may deteriorate the QoS performance or the spectrum efficiency. AI/ML can be used to overcome the uncertainty to enable the performance in a desired level.
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Figure 1: AI/ML enabled slicing

For the mobility scenario, in addition to the normal handover, the source node tries to select the node who supports the UE-accessed slice as the target node. When the UE changes the services, it may need to re-access another slice. If the connected node can not support such slice, the UE should re-connect to another node to utilize the slice configuration to provide the services. So with such case, if the UE switches to a different application in a short time after handover, the connected node (which is the handover target node) has not be configured with such slice to support the application, so the UE must re-select a new node to camp. Although the handover is successful, the UE performance downgrades seriously. Especially, there may be the service interruption for the UE experience. 
AI/ML is a tool to provide the proactive sight. To avoid the above case, the AI/ML can be used to generate the predicted slice for the UE. Based on such information, the source node can choose a suitable cell to realize the long-term effect. It can avoid the cell reselection for the UE in terms of slicing, and secure the UE performance after handover.
For example, the current UE accesses Slice 1, and there are four cells with the similar measurement results: cell A with Slice 1; cell B with Slice 1 and Slice 2; cell C with Slice 2; Cell D with Slice 1 and Slice 3. For the existing mechanism, the source node can choose cell A, cell B or cell D as the target cell for handover, as all three cells support the slice that UE accesses. With the help of AI/ML, the source node can predict which slice the UE will access. In the example, the source node may predict that UE will access Slice 3 in Time X (which is not long after the handover action). As the reference information for mobility information, the source node can choose cell D as the target cell for handover.
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Figure 1: AI/ML enabled mobility in slicing case

So for AI/ML enabled slicing, AI/ML can be used to generate the predicted slice for the UE to provide the reference information for the mobility decision.
Proposal 1: AI/ML can generate predicted slice for the UE to provide the reference information for the mobility decision.
For this functionality, the input for prediction should include the historical/current accessed slice information, which is available at gNB CU in split architecture. Since it is beneficial for mobility decision, gNB CU is responsible for the handover. With the consideration of data availability and functionality, it is better to locate the AI/ML model inference at gNB CU to do the slice prediction for the UE.
Proposal 2:
 In split architecture, gNB CU is the suitable node to do slice prediction for the UE.

Similar as the UE trajectory prediction, the source node can provide such information to the target node for subsequent mobility decision in case of target node with no AI/ML capability or the input shortage at the target node. It extends the benefits of the AI/ML related information.
Proposal 3: Source node can provide the predicted slice information for the UE to the target node for subsequent mobility decision.

To enable the slice prediction, the input data can include the
· Historical/predicted UE trajectory information

· UE measurement result

· UE accessed slice information

The historical/predicted UE trajectory information and UE measurement result are accessible for the node. The main point here is how to get the UE accessed slice information. Similar as the existing mechanism supports the UE trajectory collection and UE history information collection, the slice information is coupled with the cell information. One possible way is to include the slice information within the UE trajectory information and UE history information. These two types of information contain the cell ID and the time of stay. It can be enhanced to include the UE accessed slice information with the slice ID.
As the follow figure illustrated, the UE history information includes the camped cells with related slicing information to provide the input data for inference. The cell W can predict UE 1 will access slice 2 in the future time and UE 1 will access slice 1 only. As the current UE accessed slice is slice 1, cell X and cell Y can be selected as target cell. Although the visited cell lists are same for UE 1 and UE 2, based on the predicted slice information, cell W hands over UE 1 to the Cell X and UE 2 to Cell Y. 
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Figure 1: UE accessed slicing information collection example
Similar as UHI, the slice information can be put in the trajectory collection to provide the training data and feedback data.
Proposal 4: To support the slice prediction for the UE, the UE trajectory information and UE history information can be enhanced to include the UE accessed slice information to provide the training data, input data for inference, and feedback data to evaluate the inference result.
To evaluate the AI/ML assisted network slicing, the slicing related decision may have the impact on the slicing performance. For example, when handing over a lot of UEs to a slice with high QoS requirement, the performance of the slice may downgrade. In order to guarantee the decision has no harm for the performance, the slice-level performance can be exchanged. The evaluation can be done by comparing the slice-level performance before and after the AI/ML related actions. For example, the node 1 can request the slice-level performance of slice 1 in node 2. The node 2 can report the current slice-level performance at time X. After node 1 performs the AI/ML related slicing decision, such as offloading a lot of UEs to the slice 1 in node 2, node 2 reports the performances at now (time Y). The node 1 can compare whether the performance of slice 2 in node 2 downgrade or not. The desired one is that there is no impact or the performance improving. 
Proposal 5: The slice-level performance needs to be exchanged to provide the information to evaluate the AI/ML assisted slicing decision.
3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals.
Proposal 1: AI/ML can generate predicted slice for the UE to provide the reference information for the mobility decision.

Proposal 2: In split architecture, gNB CU is the suitable node to do slice prediction for the UE.

Proposal 3:
 Source node can provide the predicted slice information for the UE to the target node for subsequent mobility decision.

Proposal 4: To support the slice prediction for the UE, the UE trajectory information and UE history information can be enhanced to include the UE accessed slice information to provide the training data, input data for inference, and feedback data to evaluate the inference result.

Proposal 5: The slice-level performance needs to be exchanged to provide the information to evaluate the AI/ML assisted slicing decision.
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4.1 AI/ML based Network Slicing

4.1.1
Use case description
Editor Note: Capture the description of use case

Support of network slicing in NG-RAN is defined in TS38.300 [x].

The NG-RAN plays a key role in taking mobility, load balancing and Radio Resources Management decisions for the purpose of meeting target requirements derived from the SLA of each supported network slice.

AI/ML function can analyze metrics related to network and UE level performance related to perform optimal resource management and mobility decisions for network slicing to meet the requirements.
4.1.2
Solutions and standard impacts

Editor Note: Capture the solutions for the use case, including potential standard impacts on existing Nodes, functions, and interfaces

4.1.2.1
Locations for AI/ML Model Training and AI/ML Model Inference

The following solutions can be considered for supporting AI/ML-based network slicing:

-
AI/ML Model Training is located in the OAM and AI/ML Model Inference is located in the gNB.

-
AI/ML Model Training and AI/ML Model Inference are both located in the gNB.

In case of CU-DU split architecture, the following solutions are possible:

-
AI/ML Model Training is located in the OAM and AI/ML Model Inference is located in the gNB-CU. 

-
AI/ML Model Training and Model Inference are both located in the gNB-CU.

4.1.2.4
Input data of AI/ML based Network Slicing:

To predict the optimized network slicing decisions, a gNB may need the following information as input data for AI/ML-based network slicing:
From local node: 
-
Measured/Predicted radio resource status per slice

-
Measured/Predicted slice available capacity

-
Legacy predicted UE trajectory

From neighbouring gNBs:

-
Measured/Predicted radio resource status per slice
-
Measured/Predicted slice available capacity
-
Historical UE trajectory information
-    UE accessed slice information
From the UE:

-
UE measurement report (e.g., UE RSRP, RSRQ, SINR measurement, etc), including cell level and beam level UE measurements
4.1.2.5
Output data of AI/ML based Network Slicing:

AI/ML-based network slicing model in a gNB can generate following information as output:
· Predicted radio resource status per slice
· Predicted slice available capacity

· Resource management decisions for resources within RRM policies (used by gNB internally)
· Slice aware mobility decisions (used by gNB internally)
· Predicted slice for the UE
4.1.2.6
Feedback of AI/ML based Network Slicing:

To optimize the performance of AI/ML-based network slicing model, following feedback can be considered to be collected from gNBs:

· Measured Radio resource status per slice 

· Measured Slice available capacity 
· Legacy UE performance feedback for those UEs handed over from the source gNB
· Slice-level performance
· Actual UE accessed slice information
4.1.2.7
Potential standard impacts:

Following standard impacts is listed for subsequent Rel-19 normative work compared with what was specified during Rel-18.

Xn interface:

· Enhanced existing procedure to collect predicted information between gNBs:

· Predicted radio resource status per slice

· Predicted slice available capacity
· Predicted slice for the UE
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