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1 Introduction

The AI for RAN WI was approved to specify data collection enhancements and signaling support within existing NG-RAN interfaces and architecture for AI/ML-based Network Energy Saving, Load Balancing and Mobility Optimization.
In this contribution, the stage 3 impact for energy saving is analyzed.

2 Discussion
For the signalling procedure to support AI/ML for RAN, there are two options: new unified procedure or existing procedure enhancement. According to the R17 discussion, most input/output/feedback information identified for AI/ML training or inference has a relevant existing procedure to collect. Hence, if applicable, taking existing procedure as baseline and enhancing it to support AI/ML functionality are convenient. If there is no relevant procedure, a new procedure can be designed.
Proposal 1: 
If there is a relevant existing procedure for input/output/feedback information exchange, prefer to enhance the existing procedure to support the AI/ML functionality.

2.1 Input

Based on R17 discussion, there are three sources for input information collection: local node, UE and neighbouring NG-RAN nodes. 
There are three inputs from local node:
From local node: 
-
UE mobility/trajectory prediction

-
Current/Predicted energy efficiency
-
Current/Predicted resource status
For UE mobility/trajectory prediction, CU can get the location information from UU interface and then do the trajectory prediction to help mobility strategy setting. From the aspect of input from local node, there is no spec impact for UE mobility/trajectory prediction.
Observation 1: 
From the aspect of input from local node, there is no spec impact for UE mobility/trajectory prediction.

Energy efficiency can be defined as the ratio of data volume and energy consumption. It can be regarded as a type of resource status for base station. Thus, current/predicted energy efficiency can take resource status reporting procedure as the baseline. Additionally, for split architecture, there are two options to support energy efficiency prediction:
· Option1 (Centralized prediction): DU and CUUP provides the energy efficiency to the CU or CUCP, and then CU or CUCP predicts the energy efficiency.

· Option2 (Distributed Prediction): DU and CUUP do the prediction for its energy efficiency respectively, and then provide it to CU or CUCP.

Both of two options are workable. Option 2 is better due to three reasons:

1) DU or CUUP can offload the computation burden of CU or CUCP;

2) the input information is available at DU or CUUP, so that it does not need to transfer the input information to CU or CUCP;

3) DU or CUUP can adjust the resource allocation based on the predicted information.
So E1 and F1 should be considered to carry current/predicted energy efficiency.

Proposal 2: 
With regard to the current/predicted energy efficiency from local node, for split architecture, E1 and F1 impact should be considered to carry current/predicted energy efficiency and the corresponding procedure can take the Resource Status Reporting procedure as the baseline. 

The current resource status exchange is supported by resource status reporting, which can be used as the procedure for predicted resource status. For split architecture, there also exists two options: centralized and distributed prediction:
· Option1 (Centralized prediction): DU and CUUP provides the resource status to the CU or CUCP via existing mechanism, and then CU or CUCP does the prediction.

· Option2 (Distributed Prediction): DU and CUUP do the prediction for its resource status respectively, and then provide it to CU or CUCP.

Both of them are workable. Same as energy efficiency prediction, prefer distributed prediction mode. E1 and F1 impact should be considered to report predicted resource status of CUUP and DU. 
Predicted resource status information is a common input for all three use cases.

Proposal 3: 
With regard to the predicted resource status from local node, for split architecture, E1 and F1 impact should be considered to carry predicted resource status and the corresponding procedure can take the Resource Status Reporting procedure as the baseline. 

In existing procedure, DU and CUUP can send the warning indicator to CU/CUUP when overload happens by GNB-DU STATUS INDICATION, GNB-CU-UP STATUS INDICATION. The same principle can be applied to the predicted resource status. When predicted load status is high, nodes can send the predicted overload indication to peer node. In such mechanism, no request is needed so that the overload information can be transferred timely. For split architecture, DU and CUUP can send the predicted overload indication to CU.
Proposal 4: 
With regard to the predicted resource status from local node, for split architecture, predicted overload status information exchange can take Status Indication procedure as the baseline for E1 and F1 impact.
Two kinds of inputs are from UE:
· UE location information
· UE measurement report
For location information collection, the existing measurement report and logged MDT report supports UE to send time, coordinate, location error, location source and estimated velocity to base station. The UE measurement results can be collected by base station via measurement report. Thus, the procedure of measurement report and logged MDT report can be the baseline to collect UE location information and UE measurement results.
Proposal 5: 
The procedure of measurement report and logged MDT report can be the baseline to collect UE location information and UE measurement results.
For the input information collected from neighbouring nodes, R17 SI identified three types:  
From neighbouring NG-RAN nodes:
-
Current/Predicted energy efficiency

-
Current/Predicted resource status
-
Current energy state (e.g., active, high, low, inactive)
Same as input from local node. Current/predicted energy efficiency from neighbouring node can take resource status reporting procedure as the baseline. 

Proposal 6: 
Current/predicted energy efficiency from neighbouring nodes can take the Resource Status Reporting procedure as the baseline for Xn impact.
The current resource status exchange is supported by resource status reporting, which can be used as the procedure for predicted resource status. Predicted resource status information is a common input for all three use cases.
Proposal 7: 
Predicted resource status information from neighbouring nodes can be carried in Resource Status Reporting procedure for Xn impact. 

Same as E1 and F1. To report the special case timely, the node can send a predicted overload indication message to inform its predicted extremely high load or the extremely high load increasing rate to neighbours. The neighbours can take it as the reference information to make mobility optimization, load balancing and energy saving decisions to avoid handover failure, local overload, and switch-on/off ping-pong. 

Proposal 8: 
Predicted overload status information from neighbouring nodes can take Status Indication procedure as the baseline for Xn impact.
Regarding the third one current energy state (e.g., active, high, low, inactive), the existing mechanism support cell switch on/off. There is another SI network energy saving, and other granularities maybe will be studied in this SI. In current stage, it is better to take cell switch on/off as the starting point. Other granularities depends on the progress of network energy saving SI, whose corresponding AI for RAN impact can be delayed.
Proposal 9: 
AI/ML for energy saving can take switch on/off as the starting point. Other granularities can be delayed based on the progress of network energy saving SI.
2.2 Output

R17 SI defines four types of output information as:

-
Energy saving strategy, such as recommended cell activation/deactivation. 

-
Handover strategy, including recommended candidate cells for taking over the traffic
-
Predicted energy efficiency
-
Predicted energy state (e.g., active, high, low, inactive)
As one of the output data of AI/ML model inference, the energy saving strategy can be the action for a time point/period for future. For example, a node predicts it will be switched off in one minute. The node can exchange such predicted energy saving strategy (such as predicted cell switch-on/off decision) with its neighbours to inform the action plan in advance, so the neighbour cells can take it as reference information to make proper decision (such as UE handover, load transferring, switch on/off and so on) to avoid the unnecessary handover, handover ping-pong, switch-off/on ping-pong, local overload etc. Hence, it is beneficial for maintaining the network stability and user experience.
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Figure 1: Predicated energy saving strategy exchange
Proposal 10: 
The predicated energy saving strategy (e.g. predicted cell switch-on/off decision) can be exchanged with neighbor nodes to provide reference information for optimization decisions (e.g. handover, load balancing, energy saving, etc.).
Proposal 11: 
The energy saving strategy exchange via NG-RAN node configuration update should be enhanced by adding time for switch-off indication to show the when the cell switch-off takes place.

Handover strategy is to handover the remaining traffic to other cells to prepare for cell switch-off. AI/ML model generates the predicted traffic/load transferring action for a period for future. For example, a node predicts it will switch off in the future and generates the predicted handover strategy or load transferring plan in advance to avoid local overload and consecutive handover. If the target neighbor node can not accept the load, the node can make other proper candidate plans to guarantee the successful handover/transferring. Otherwise, the energy saving action may be delayed due to remaining load that has not transferred out successfully. Thus, it is beneficial for energy saving plan.
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Figure 2: Predicated load transferring plan exchange for energy saving
Proposal 12: 
The predicated load transferring plan can be exchanged with neighbor cells to confirm the load transferring in advance.
The impact of predicted energy efficiency is same as the inputting predicted energy efficiency, which can take the resource status reporting procedure as the baseline.

For the predicted energy state, it is better to take cell switch on/off as the starting point.

2.3 Feedback
Four types of feedback information have been defined in R17 SI:
-
Resource status of neighbouring NG-RAN nodes

-
Energy efficiency 

-
UE performance affected by the energy saving action (e.g., handed-over Ues), including bitrate, packet loss, latency. 

-
System KPIs (e.g., throughput, delay, RLF of current and neighbouring NG-RAN node)

The impacts of resource status and energy efficiency are same as the analysis in input parts.

UE performance affected by the energy saving action is a useful indicator to evaluate the action. The performance can include bit rate, packet loss, and latency. It can be carried in the existing access and mobility indication, failure indication and handover report.
-
When radio link failure happens, carried in the Failure Indication. 

-
When handover failure event happens, carried in Handover Report.

-
Otherwise, carried in Access and Mobility Indication

Proposal 13: 
UE performance after AI for RAN action can be carried in Failure Indication, Handover Report or Access or Mobility Indication.
For the last one, the system KPI is related to many factors such as UE number, UE traffic, UE mobility, cell coverage, services, etc. It is not so relevant to the energy saving decision. And current energy efficiency and resource status from neighbour node can help to realize the “global” optimization.
Proposal 14: 
There is no need to transfer system KPI as the feedback information.
3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Proposal 1: 
If there is a relevant existing procedure for input/output/feedback information exchange, prefer to enhance the existing procedure to support the AI/ML functionality.

Observation 1: 
From the aspect of input from local node, there is no spec impact for UE mobility/trajectory prediction.

Proposal 2: 
With regard to the current/predicted energy efficiency from local node, for split architecture, E1 and F1 impact should be considered to carry current/predicted energy efficiency and the corresponding procedure can take the Resource Status Reporting procedure as the baseline. 

Proposal 3: 
With regard to the predicted resource status from local node, for split architecture, E1 and F1 impact should be considered to carry predicted resource status and the corresponding procedure can take the Resource Status Reporting procedure as the baseline. 

Proposal 4: 
With regard to the predicted resource status from local node, for split architecture, predicted overload status information exchange can take Status Indication procedure as the baseline for E1 and F1 impact.
Proposal 5: 
The procedure of measurement report and logged MDT report can be the baseline to collect UE location information and UE measurement results.
Proposal 6: 
Current/predicted energy efficiency from neighbouring nodes can take the Resource Status Reporting procedure as the baseline for Xn impact.
Proposal 7: 
Predicted resource status information from neighbouring nodes can be carried in Resource Status Reporting procedure for Xn impact. 

Proposal 8: 
Predicted overload status information from neighbouring nodes can take Status Indication procedure as the baseline for Xn impact.
Proposal 9: 
AI/ML for energy saving can take switch on/off as the starting point. Other granularities can be delayed based on the progress of network energy saving SI.

Proposal 10: 
The predicated energy saving strategy (e.g. predicted cell switch-on/off decision) can be exchanged with neighbour nodes to provide reference information for optimization decisions (e.g. handover, load balancing, energy saving, etc.).
Proposal 11: 
The energy saving strategy exchange via NG-RAN node configuration update should be enhanced by adding time for switch-off indication to show the when the cell switch-off takes place.

Proposal 12: 
The predicated load transferring plan can be exchanged with neighbor cells to confirm the load transferring in advance.
Proposal 13: 
UE performance after AI for RAN action can be carried in Failure Indication, Handover Report or Access or Mobility Indication.
Proposal 14: 
There is no need to transfer system KPI as the feedback information.
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