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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 several meetings, energy cost is introduced to replace energy efficiency:
Introduce the metric of Energy Cost (EC) as the AI/ML metric to be shared over the Xn interface among gNBs. 

Adopt the below Option-3a and exchange Energy Cost (EC) upon request over the Xn interface.

The metric of Energy Cost (EC) exchanged between NG-RAN nodes can be an inferred energy consumption related to an additional load or an actual energy consumption value from a neighboring node for either additional load or current load (The details to be further discussed). EC is a value at gNB level. 
It is agreed to include the measured Energy Cost in the AI/ML Information Reporting Initiation and AI/ML Information Reporting procedures (name of the procedures to be further discussed)
But the encoding of the EC, additional load, and the EC reporting timing are left for further discussion.
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:
· Aim 1: 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.
· Aim 2: Providing performance info of neighbour nodes to evaluate the ES decision. 

The definition of EE has been agreed as a WA in RAN3 118 meeting. In RAN3 119 meeting, an energy cost was brought to replace the energy efficiency to try to get the convergence. The aims of energy cost transferring still keep the same as that of the energy efficiency. 
For the aim 1: to optimize the overall energy efficiency of the coverage of a gNB and its neighbours, the actual energy consumption and inferred energy consumption related to the additional load should be provided to the node who intends to go to energy saving state. Also both two values are defined as the input for ES in SI stage as:

From neighbouring NG-RAN nodes:

-
Current/Predicted energy efficiency

The actual energy consumption reflects the current status of the node. When the current energy consumption is too high, the node should not be selected as the target node for offloading. Moreover, the node can select the target node for remaining load transferring based on the inferred EC from neighbour nodes, such as the node with low inferred EC as the target node. Thus, the delta value can be obtained as the gap between the inferred value and actual value. It is better for the inferred EC to represent the node level EC value assuming that an additional load is served and measured EC to represent the actual node level EC value.
Observation 1: 
Both actual EC and inferred EC are defined as the input for network energy saving.
For the aim 2, to evaluate whether the ES decision brings in the bad impact to other neighbour nodes, the actual energy consumption for the actual load should be provided to the node in energy saving state. As for additional load or current load, during the load transferring due to ES decision, the normal handover may also happens. Moreover, the relationship between load and EC is not linear. If linear, the simple mathematical calculation is enough and AI/ML is not needed. Thus, it is difficult to split the EC addition for ES transferring load or the normal handover. So the actual energy consumption value from a neighbouring node for current load should be provided for the node who made the ES decision. Taken such information into ES decision, when the EC dramatically increased after ES decision no matter due to ES decision or normal HO, the ES decision is not a good one. If the dramatic EC change due to ES decision, it is obvious that such decision should be avoid. If the reason is normal HO, this decision also should be avoided as the ES decision also needs to avoid the local burden or local overload for neighbour node.
Observation 2: 
Measured EC is the input and feedback data for network energy saving.

Proposal 1: 
Support to transfer the inferred EC to represent the node level EC value assuming that an additional load is served and measured EC to represent the actual node level EC value.

Proposal 2: 
Measured EC can be transferred before the ES decision and after the ES decision.

To support the EC inference, the load transferring plan should be negotiated. Last meeting, several options are discussed as the candidates to reflect the additional load, including 
-
Number of RRC connections to be offloaded, 

-
Number of Active UEs to be offloaded 

-
PRB load to be offloaded (the definition needs to be discussed further)

-
Average UL/DL PDCP SDU data volume to be offloaded

-
Target Cell of the offloading action
The number of RRC connections and the number of active UEs are the most straightforward way to represent the load. As for PRB load, it is highly depending on the node implementation. The PRB load in source node is not applicable in target node due to different implementation methods. The forth one, average PDCP SDU data volume, relies on the service type. The service type may change after the offloading. As it is a time-varying value, it is difficult to correctly show the load. For example, the user may just surf the internet in source cell. After the offloading to target cell, the user may start to play the XR games, thus the data volume is dramatically increased. As the starting point, the number of RRC connections and the number of active UEs are suitable to show the additional load.
Proposal 3: 
Support the number of RRC connections and the number of active UEs to reflect the additional load as the starting point.
Whether to use the normalization way to represent the EC is another controversial issue. Normalization 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 EC from neighbor nodes, can not evaluate the overall EC and whether the energy saving decision lead to the global optimization. There may exist the case that the sum of EC scores after ES decision is lower but that for actual ECs are higher. During the discussion, one possible solution is to let OAM configure the maximum energy consumption as the max index. However, to realize the global evaluation, the same maximum energy consumption value should be configured, so that the node also can derive the actual energy consumption of neighbor nodes. It can not solve the privacy issue as mentioned by normalization supporters. And there may exists the case that the actual energy consumption is higher than the max energy consumption. The node can not report the correct value as it just can report max value. The other way is to set the max energy consumption large enough. But, with normalization, the different values will be mapped to the same score in such case. For example, the maximum energy consumption is 1000000J, the 70890J and 70100J will be mapped to 7. The inaccurate values may lead to the wrong evaluation result or wrong load transfer decision.
Observation 3: 
Normalization can not provide the accurate value for ES decision setting or ES decision evaluation. 

Proposal 4: 
Exact energy consumption should be transferred for ES optimization.
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 is estimated to take place.
Proposal 7: 
Agree the TP in R3-232812.
3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Observation 1: 
Both actual EC and inferred EC are defined as the input for network energy saving.
Observation 2: 
Measured EC is the input and feedback data for network energy saving.

Proposal 1: 
Support to transfer the inferred EC to represent the node level EC value assuming that an additional load is served and measured EC to represent the actual node level EC value.

Proposal 2: 
Measured EC can be transferred before the ES decision and after the ES decision.

Proposal 3: 
Support the number of RRC connections and the number of active UEs to reflect the additional load as the starting point.
Observation 3: 
Normalization can not provide the accurate value for ES decision setting or ES decision evaluation. 

Proposal 4: 
Exact energy consumption should be transferred for ES optimization.
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 is estimated to take place.

Proposal 7: 
Agree the TP in R3-232812.
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