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Introduction
Rel-18 Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN work item’s objective is as following [1].
Specify data collection enhancements and signaling support within existing NG-RAN interfaces and architecture (including non-split architecture and split architecture) for AI/ML-based Network Energy Saving, Load Balancing and Mobility Optimization. (RAN3)
In the previous meeting RAN3 118 [2], these agreements and understanding about energy saving below were captured. Some points FFS were also pointed out. In this contribution I try to clarify the use cases for EE and predicted EE due to define these metrics.
Agreements:
	○ The "Energy Efficiency" metric should be measurable, produced and interpretable by the RAN. 
○ Start with per node granularity EE and Per cell granularity EE could be considered if it is feasible.
○ WA: Take the EE defined in SA5 as the baseline for the energy efficiency of a gNB.
○ It’s the common understanding that AI/ML based energy saving aims to optimize the overall energy efficiency of the coverage of a gNB and its neighbours.
FFS:
○ Whether it will be introduced or not is still FFS.
○ What to be transfered between NG-RAN nodes is FFS.
○ 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.
And also, summarize the discussion and describe our preference for FFS below about load balancing.
FFS:
○ Event-based triggers can be used as one of the reporting options. FFS on the event-based reporting format.
Discussion
Use cases of EE and predicted EE for energy saving
· Use case for EE
For defining EE (energy efficiency) and predicted EE, this section clarifies their use cases. The energy saving using AI/ML maximizes the energy efficiency of gNB through cell activation/deactivation considering reported EE and predicted EE from other gNBs on the Xn interface. As a common understanding noted in the previous meeting, this functionality maximizes the overall energy efficiency of the gNBs around a given coverage. It was also agreed that power efficiency should be based on DV over EC as defined in SA5. A gNB collects the current EE and the predicted future EE of the surrounding gNBs and takes action. A comparison is given below when option 1~4 are employed as the definition of EE, respectively.
When the definition of EE is based on option 4, this function may work well, including multi-vendor system. Since a gNB can receive raw values of DV and EC from surrounding gNBs, respectively, the true overall EE and overall predicted EE can be calculated. As a result, it is possible to estimate as accurately as possible how the overall EE changes when a gNB activates or deactivates a cell. It is also possible to accurately feedback how the overall EE changed as a result of the action taken by the gNB.
Observation 1: EE definition based on option4 can fully support optimization of overall EE by energy saving.
If we employ option 1, a given gNB cannot calculate the true value of the overall EE. Also, it will not get an accurate feedback on how the overall EE changed in response to the actions taken by the gNB. On the other hand, this information could help gNBs perform cell activation/deactivation properly, as it would allow us to know which gNBs in the surrounding gNBs have high or low EE. This method would also work in multi-vendor system, since the true EE is obtained for each gNB, and is not affected by differences in gNB vendors.
Observation 2: EE definitions based on option1 may help to optimize the overall EE in both single vendor/multi-vendor systems, but cannot accurately optimize or monitor the overall EE.
If option 2 (and possibly option 3 as well) is employed, the results are similar to option 1. However, if the maximum value of quantization is different between vendors, the information will be even less accurate in a multi-vendor environment. For example, when NW takes some action to keep EE above a certain level for all gNBs, the operator cannot know if energy saving is working properly because the true value of DV over EC for each gNB cannot be derived from received EE value.
Observation 3: EE definitions based on option2 (and possibly option 3 as well) may help to optimize the overall EE only in a single-vendor environment, but cannot accurately optimize or monitor the overall EE.
From the above, to achieve the functionality of energy saving, option 4 should be adopted. Also, for operators employing a multi-vendor system, option 2 (or possibly option 3) is not feaseble. Therefore, information should be available at least at the granularity of option 1. Alternatively, in addition to option 2, the maximum and minimum values of the quantized EE need to be informed.
Proposal 1: To optimize overall EE, option 4 should be adopted for EE definition.
Proposal 2: Option 1 would be better option to achieve energy saving in a multi-vendor environment while reducing the granularity of information.

· Use case for predicted EE
Next, we discuss the use case of predicted EE. The cell activation/deactivation for energy saving described above can be based only on the current EE, but it can be a more stable function by adding predicted information of EE changes in the near future. For example, if EE is currently low and more cells are activated than needed, energy saving based only on current EE let UE handover from a gNB with low EE to another cell with high EE and deactivate the cell. However, this action is not appropriate because if the low EE cell is predicted to accommodate many UEs in the near future and become high EE, the cell will be re-activated and the EE may drop or the quality of service may be reduced. This functionality can of course be based on UE trajectory prediction, etc., but predicted EE can also be a useful metric for directly predicting future EE.
If "near future" for predicted EE refers to a specific period of time, then the validity time needs to be informed in advance. Otherwise, the validity time is implicitly indicated by the next prediction is made. Thus both methods could be feasible.
Observation 4: Taking into account the predicted EE in the near future (predicted EE) to make cell activation/deactivation decisions may help a more stable energy saving mechanism.
Observation 5: The predicted EE validity time could be feasible in both implicit and explicit ways.
Proposal 3: Each gNB can send the predicted EE it has derived via the Xn interface.
Proposal 4: The validity time of the predicted EE can be indicated both implicitly and explicitly.

Event-based reporting for Load Balancing
At the previous meeting, event-based reporting was discussed [3] and the following four cases were listed.
Case 1: The overload case is predicted to happen
Case 2: A special event happens, e.g., the load exceeds a threshold or the load is lower than a threshold.
Case 3: Previous prediction becomes invalid, or the accuracy of predicted information is not good enough.
Case 4: UE Performance Feedback shall be reported upon the occurrence of an Handover due to AI/ML reasons
As some companies pointed out, Case 1 is a subcase of Case 2. In addition, periodic reporting has already agreed to be supported, and there is an aspect that periodic input is suitable for AI/ML. On the other hand, in Load Balancing, reporting changes in performance in response to AI/ML actions and reporting at the timing when AI/ML actions are required are also considered to be feasible.
Observation 6: Event-based reporting is useful for monitoring the results of AI/ML actions and NW load parameter dynamically changes.
For Case 2 (including Case 1), the open issue is how to define the threshold, and for Case 4, what type of NW action (event) should trigger the reporting. We are open to discussion on these event definitions, as we believe these cases are useful for monitoring performance changes due to NW actions and sudden load increases.
Proposal 5: We should discuss the definitions of load threshold in Case 2 (including Case 1) and trigger event (e.g. Handover due to AI/ML reasons) in Case 4.


Conclusions and proposals
Our observations and proposals are summarized below.
For energy saving:
Observation 1: EE definition based on option4 can fully support optimization of overall EE by energy saving.
Observation 2: EE definitions based on option1 may help to optimize the overall EE in both single vendor/multi-vendor systems, but cannot accurately optimize or monitor the overall EE.
Observation 3: EE definitions based on option2 (and possibly option 3 as well) may help to optimize the overall EE only in a single-vendor environment, but cannot accurately optimize or monitor the overall EE.
Observation 4: Taking into account the predicted EE in the near future (predicted EE) to make cell activation/deactivation decisions may help a more stable energy saving mechanism.
Observation 5: The predicted EE validity time could be feasible in both implicit and explicit ways.
Proposal 1: To optimize overall EE, option 4 should be adopted for EE definition.
Proposal 2: Option 1 would be better option to achieve energy saving in a multi-vendor environment while reducing the granularity of information.
Proposal 3: Each gNB can send the predicted EE it has derived via the Xn interface.
Proposal 4: The validity time of the predicted EE can be indicated both implicitly and explicitly.

For load balancing:
Observation 6: Event-based reporting is useful for monitoring the results of AI/ML actions and NW load parameter dynamically changes.
Proposal 5: We should discuss the definitions of load threshold in Case 2 (including Case 1) and trigger event (e.g. Handover due to AI/ML reasons) in Case 4.
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