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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 CCO. 

2 Discussion
Coverage and capacity optimization aims to design self-optimizing algorithms that achieve optimal trade-offs between coverage and capacity. The coverage configuration is exchanged among neighbors to provide reference for node to set the coverage optimization strategy. In terms of network coverage and capacity, the distributed local decision may not achieve the system optimum. As the coverage management requires node coordination, the vendor-specific decision brings the difficulty for cooperatively optimizing. The coverage hole may appear when isolated local coverage optimization decisions are applied simultaneously within neighbor nodes. Furthermore, the capacity in some cells may not achieve the optimum under the limitation of unsuitable neighbor cell coverage configuration. Based on that, AI is a powerful to solve the issues, since it is able to optimize globally through exploiting massive data. Thus, AI-enabled CCO can globally optimize the coverage and capacity.
The existing scheme is that the NG-RAN node can adjust and switch between coverage configurations, and inform the neighbor node about its CCO decision via NG-RAN NODE CONFIGURATION UPDATE message. AI/ML can help to generate the decision with the foreseen view, i.e. the predicted CCO decision. In Xn interface, the existing mechanism supports to inform the decision before the change to neighbours as

	Coverage Modification List
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Observation 1: The existing mechanism support to exchange the CCO decision before the action.
With the help of AI/ML, it can generate the predicted CCO decision with the certain prediction time. With the predicted CCO decision from neighbours, the node can set the SON related decision based on it. With the coverage increment and capacity downgrading in the future time, the node may not hand over the high-QoS-requirement UEs to such cell to avert the handover in a short time to maintain the desired UE performance when the CCO change time is approaching. In the other case with predicted coverage decrement and capacity improvement, the node may not select the cell as the target cell if the UE is in the edge of the CCO-change cell at the time that CCO decision will be applied. The UE may encounter the no coverage situation without such enhancement. So it is better to exchange the predicted CCO decision with the prediction time via Xn interface. 
Proposal 1: Propose to exchange the predicted CCO decision with the prediction time via Xn interface.
In split architecture, the gNB DU sets the coverage state indicator and SSB modified coverage state indicator, and sends to gNB CU. So in terms of this feature, gNB DU plays the vital role. The gNB DU make the corresponding decision based on its own situation. Without the global view, the decision from gNB DU may only benefit for itself. For instance, the load of neighbor cells are high. If the gNB DU decides to decrease its coverage, the neighbors maybe can not provide the replacing to cover the coverage decreasing, resulting in coverage hole, which is a serious problem for the network. 

As gNB CU has the information of itself and neighbors, gNB CU has the overall information. To utilize the advantage of gNB CU, gNB CU can provide the predicted capacity to the gNB DU to assist gNB DU to determine the CCO decision. If the predicted capacity is high in a short time, the gNB DU should not extend the coverage to avoid coverage decrement in a short time. With frequent CCO decision, the UEs in the cell edge require to be handed over multiple times to the cell which will cover the area, leading to UE performance reduction. So it is better to avoid switching the CCO decision frequently. Or if the predicted capacity will increase, the gNB DU can reject the handover request for the UE in the cell edge, as there is high possibility that it will shorten the coverage to provide the required capacity in the future time. 
Proposal 2: AI/ML can generate predicted capacity to provide the reference information for CCO decision.

Proposal 3: gNB CU is the suitable node for the AI/ML model inference to generate predicted capacity.

To realize the capacity prediction, the following information can be used as the input to the AI/ML model:

· predicted and current resource status of itself

· predicted and current resource status of neighbors

· UE trajectory information

· UE measurement result

The above information are all available at gNB CU, which make it feasible to do the prediction.

Proposal 4: Predicted capacity can be done based on the input of 
· predicted and current resource status of itself
· predicted and current resource status of neighbors

· UE trajectory information

· UE measurement result
The other way to assist gNB DU to make the CCO decision is that gNB CU to provide the predicted coverage. Based on the coverage prediction, the gNB DU can set the decision to cover the predicted coverage. Same as the capacity prediction, local information in gNB DU is not enough to do the prediction as it has no idea of how many UE may access the cell and how the neighbour set the CCO decision. When the load of the neighbour cells increase, there is risk that the neighbour cell may decrease the coverage area to improve the capacity. The gNB CU can predict that the coverage of cell should enlarge to guarantee the coverage. With the predicted coverage, the gNB DU may evaluate the capacity with such coverage. It may reject the handover request if it can not offer the required QoS. The solution can secure the UE performance and guarantee the coverage.
Proposal 5: AI/ML can generate predicted coverage to provide the reference information for CCO decision.

Proposal 6: gNB CU is the suitable node for the AI/ML model inference to generate predicted coverage.

The input data to generate the coverage prediction can include the following information:
· predicted and current resource status of itself

· predicted and current resource status of neighbours

· UE trajectory information

· UE measurement result
· predicted CCO decision from neighbours
The above information are all available at gNB CU, which make it feasible to do the prediction.

Proposal 7: Predicted coverage can be done based on the input of 

· predicted and current resource status of itself

· predicted and current resource status of neighbours

· UE trajectory information

· UE measurement result

· predicted CCO decision from neighbours

3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals.
Observation 1: The existing mechanism support to exchange the CCO decision before the action.

Proposal 1: Propose to exchange the predicted CCO decision with the prediction time via Xn interface.

Proposal 2: AI/ML can generate predicted capacity to provide the reference information for CCO decision.

Proposal 3: gNB CU is the suitable node for the AI/ML model inference to generate predicted capacity.

Proposal 4: Predicted capacity can be done based on the input of 

· predicted and current resource status of itself

· predicted and current resource status of neighbors

· UE trajectory information

· UE measurement result
Proposal 5: AI/ML can generate predicted coverage to provide the reference information for CCO decision.

Proposal 6: gNB CU is the suitable node for the AI/ML model inference to generate predicted coverage.

Proposal 7: Predicted coverage can be done based on the input of 

· predicted and current resource status of itself

· predicted and current resource status of neighbours

· UE trajectory information

· UE measurement result

· predicted CCO decision from neighbours
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5 Text proposal to TR 38.743
4.2
AI/ML based Coverage and Capacity Optimization
4.2.1
Use case description
Coverage and capacity optimization aims to design self-optimizing algorithms that achieve optimal trade-offs between coverage and capacity. The coverage configuration is exchanged among neighbors to provide reference for node to set the coverage optimization strategy. In terms of network coverage and capacity, the distributed local decision may not achieve the system optimum. As the coverage management requires node coordination, the vendor-specific decision brings the difficulty for cooperatively optimizing. The coverage hole may appear when isolated local coverage optimization decisions are applied simultaneously within neighbor nodes. Furthermore, the capacity in some cells may not achieve the optimum under the limitation of unsuitable neighbor cell coverage configuration. Based on that, AI/ML is a powerful to solve the issues, since it is able to optimize globally through exploiting massive data. Thus, AI/ML-enabled CCO can globally optimize the coverage and capacity.
AI/ML can do the prediction for capacity, coverage, and COO decision to realize the stable and optimized coverage and capacity status.

