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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.
Regarding to energy saving, after the discussion of past several meetings, there are several open issues left for further study.
Predicted Energy Efficiency is exchanged between NG-RAN node?

FFS on how to calculate this EE, and which of the following 4 options should be adopted:

Option 1: Indicating the value of the ratio of data volume over energy consumption directly

Option 2: Define the EE metric in a more abstract way using a quantitative encoding, e.g., using EE values on a linear scale from 0 to 100.

Option 3: The metric of Energy Efficiency exchanged between NG-RAN nodes is an Energy Consumption related to an additional load. And exchanged EE metric between neighboring NG-RAN nodes is defined in the interval [0, 100].

Option 4: Deliver both data volume and energy consumption over RAN interfaces to let the requesting node calculate the overall DV and over EC of the specific area and thereby drive the overall EE.
In this contribution, the Xn interface impact for LB is analyzed.

2 Discussion
Energy efficiency is defined as the input and feedback data for energy saving in SI stage. Hence, there are two aims for EE transferring:
· Providing status of neighbour nodes to provide reference information for ES decision setting. It can help to avoid switch on/off ping-pong due to the bad/saturated status of neighbour cells.
· Providing performance info of neighbour nodes to evaluate the ES decision. 

The definition of EE has been agreed as a WA in the last meeting. The left issue is how to transfer the energy efficiency metric. Based on the discussion of previous meetings, there are four options:
· Option 1: Indicating the value of the ratio of data volume over energy consumption directly

· Option 2: Define the EE metric in a more abstract way using a quantitative encoding, e.g., using EE values on a linear scale from 0 to 100.

· Option 3: The metric of Energy Efficiency exchanged between NG-RAN nodes is an Energy Consumption related to an additional load. And exchanged EE metric between neighboring NG-RAN nodes is defined in the interval [0, 100].

· Option 4: Deliver both data volume and energy consumption over RAN interfaces to let the requesting node calculate the overall DV and over EC of the specific area and thereby drive the overall EE.

Option 2 and Option 3 both use the evaluation score within [0, 100] to represent the EE. But it can not provide the exact information for node to do global optimization. The ways to do the evaluation are different for different nodes or vendors. Although the same value for the scores, the actual energy efficiencies are not same from multiple nodes. The node who receives the score of energy efficiency from neighbour nodes, can not evaluate the overall energy efficiency and whether the energy saving decision lead to the global optimization. There may exist the case that the sum of EE scores after ES decision is higher but that for actual EEs is lower. Thus, option 2 and option 3 can not realize the original objective of the energy efficiency transferring.
In addition, as for option 3, it is hard to training a model with various additional load. The input for a model needs to consider the historical/current EE and additional load. For one set of historical/current EE, the additional load can be any value, thus the input data set is quite large. Besides, there is a variety of historical ones. Hence the patterns for the input data are massive, so it is difficult for the model training to realize such function.

Option 1 and option 4 both can provide the exact value of EE to give the information for energy saving decision setting and do related evaluation to realize “global” optimization.
Proposal 1: 
Option 1 or option 4 can be used to transfer the energy efficiency.

For the predicted energy efficiency, it can help the node to set the long-term energy saving decision. Whether to switch off the cell and which cell to be selected as the target one for transferring the remaining load are two main parts of energy saving decision. Without predicted energy efficiency, the node may decide to turn off the cell as the low loads and proper current EEs of the cell and neighbour cells. The EE of neighbour cells dramatically decreases due to various factors (e.g. traffic volume burst or bad channel condition). In such case, the cell would be activated by neighbour cell to alleviate the inefficient status. Turning on/off within a short time may lead to higher energy consumption. Thus, with the assistance of predicted EE, the ES decision is more stable and effective. If the predicted energy efficiency of neighbour cell is low in a near future, the node may not fall into the energy saving state. Regarding to the target cell selection, the node may select the cells with high predicted EE to offload the UEs, and then goes to energy saving state.

Proposal 2: 
Predicted energy efficiency can be transferred to provide the reference for energy saving decision.

For the granularity, node level has been agreed as a starting point. But the energy saving is cell-level, so cell-level energy efficiency is beneficial. If it is the node-level, the node may contain the cells that is not the neighbour cells of the energy saving cell. The energy saving cell can not set the decision or evaluate the decision based on such node-level info, since the main factor to affect the energy efficiency is coming from the not-in-neighbour cells. Thus, cell-level is more accurate and valuable to the cell for energy saving. 
Proposal 3: 
The feasibility of cell-level energy efficiency can be discussed after the node-level one.
For the procedure, energy efficiency can be regarded as a type of resource status for base station. Thus, current energy efficiency can take resource status reporting procedure as the baseline. For predicted energy efficiency prediction, it can be embedded into the predicted resource status reporting. 
Proposal 4: 
The current/predicted energy efficiency reporting can be embedded into current/predicted resource status reporting respectively. 
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 the cell will be switched off in one minute. The node can exchange such predicted energy saving strategy (i.e. 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 5: 
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 6: 
The energy saving strategy exchange via NG-RAN node configuration update should be enhanced by adding time for switch-off to show the time information when the cell switch-off will take place.
3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Proposal 1: 
Option 1 or option 4 can be used to transfer the energy efficiency.

Proposal 2: 
Predicted energy efficiency can be transferred to provide the reference for energy saving decision.

Proposal 3: 
The feasibility of cell-level energy efficiency can be discussed after the node-level one.
Proposal 4: 
The current/predicted energy efficiency reporting can be embedded into current/predicted resource status reporting respectively. 
Proposal 5: 
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 6: 
The energy saving strategy exchange via NG-RAN node configuration update should be enhanced by adding time for switch-off to show the time information when the cell switch-off will take place.
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