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1. Introduction
Energy Efficiency metrics and signaling in the context of the AI/ML-based Network Energy Saving use case was discussed during RAN3#117-bis-e and the following open issues were captured:
The feasibility, interpretability and encoding of the EE metrics is FFS.
It is FFS how to transfer current Energy Efficiency metric.
It is FFS whether EE metric is per node or per cell and how per cell EE metric can be calculated.
RAN3 to discuss the scenarios where predicted energy efficiency is exchanged. 
In this paper we further discuss the open issues of the AI/ML-based Network Energy Saving use case and the standard impacts relating thereto.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]AI/ML-based Network Energy Saving use case
2.1. [bookmark: _Ref109047682][bookmark: _Hlk108516440]Energy efficiency signaling between NG-RAN nodes
One open issue from the previous meeting is how current energy efficiency will be exchanged:
It is FFS how to transfer current Energy Efficiency metric.
Energy efficiency information from neighboring NG-RAN nodes is believed to be useful for making AI/ML-assisted network energy saving decisions. It has therefore been agreed in previous meetings that energy efficiency related information can be exchanged between NG-RAN nodes to improve AI/ML-based Network Energy Saving. Since such information is not yet signaled over the Xn interface, there is a need to introduce new signaling in XnAP for collecting AI/ML energy efficiency information. 
In the previous meeting the following agreements were made:
Define a new procedure over Xn which can be used for AI/ML related information, e.g., predicted information.
The new procedure for reporting of AI/ML related information, e.g., predicted information, should be based in a requested way, like resource status report procedure.
In line with the above agreements, we propose in R3-226495 to introduce two new dedicated procedures to assist AI/ML in the RAN. These procedures are:
· a new non-UE associated procedure, for handling the subscription mechanism. A tentative name for this procedure can be AIML Assistance Data Reporting Initiation.
· a new non-UE associated procedure, for handling the collection of subscribed information. A tentative name for this procedure can be AIML Assistance Data Reporting.

Based on this, we propose to use the aforementioned two new procedures in XnAP, to signal Network Energy Efficiency information between NG-RAN nodes.
Proposal 1:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, to signal Network Energy Efficiency parameters between NG-RAN nodes.
For instance, the Network Energy Efficiency parameters can be requested as shown in the table below, which only addresses the energy saving use case:
	Registration Request
	M
	
	ENUMERATED(start, stop,
add, …)
	Type of request for which the assistance information is required.
	YES
	reject

	Report Characteristics
	C-ifRegistrationRequestStart
	
	BITSTRING
(SIZE(128))
	Each position in the bitmap indicates assistance information the NG-RAN node 2 is requested to report.
First Bit = Predicted Radio Resources Periodic,
Second Bit = Current Energy Efficiency Periodic,
Third Bit = Predicted Energy Efficiency Periodic (FFS), 
Fourth Bit =UE Performance Indicator, 
Other bits shall be ignored by the NG-RAN node 2.
	YES
	reject

	Cell To Report List
	
	0..1
	
	Cell ID list to which the request applies.
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxnoofCellsinNG-RANnode>
	
	
	–
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27

	
	–
	

	Reporting Periodicity 
	O
	
	ENUMERATED(500ms, 1000ms, 2000ms, 5000ms, 10000ms, …)
	Periodicity that can be used for reporting.
	YES
	ignore



Another open issue is how energy efficiency will be expressed:
The feasibility, interpretability and encoding of the EE metrics is FFS.
According to the summary of the offline discussion from the last meeting captured in [1], there are two ideas under discussion of how to express or encode the energy efficiency of an NG-RAN node. Some companies want to adopt as baseline a definition from TS28.554, where an Energy Efficiency (EE) KPI is equal to the ratio DV/EC (in bit/Joule) over a certain time period, where DV is the overall Data Volume and EC is the Energy Consumption of the involved network elements and/or cells. Other companies prefer to 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, where the maximum and minimum EE value mapping can be defined via OAM configuration to ensure interpretability in the RAN.

As a matter of fact, the EE KPI defined in TS28.554 is intended to be reported to the OAM and is used for evaluating the energy efficiency of different RAN components and deployments.
One evident problem with this EE metric is that it is impossible, at least in some cases, to (accurately) determine the energy consumed in the RAN to transfer a certain amount of user data traffic. This is especially problematic in case of cloud-based RAN architectures, where the same cloud-based platform is shared among multiple RAN nodes. Measuring the RAN energy consumption is not as simple as in earlier mobile network generations, where an energy meter at a single base station location was sufficient to determine the entire energy consumption of the base station. Knowing the overall energy required to transfer a given amount of traffic is, in 5G, simply not possible in a number of cases.
Energy consumption can of course be measured per box, e.g., radio. But it is very difficult to (accurately) separate the energy consumption per cell, e.g., in case of multi-band, multi-sector radios, since hardware components like power amplifiers are shared in many cases. Figuring out the energy consumption of a cell is, to say the least, challenging. There is no obvious way to divide the overall energy consumption and assign it to a cell. So far, no company has proposed a solution for the problem, which presumably is very complex, while its usefulness is questionable.
Observation 1: It is impossible to measure the energy consumed in the RAN to transfer a certain amount of traffic, in particular on a per cell basis.
Another serious drawback of the EE KPI is the following: Since the EE depends on the DV, which in turn depends on the highly volatile traffic load, knowledge of the EE associated to, e.g., a cell does not allow to draw conclusions about the EC of the NG-RAN node. For example, a cell associated to a low EE may have a low DV (i.e., serve little traffic) or a high EC (e.g., serve high volumes of data but consume a lot of energy for it). 
Moreover, this EE metric is highly volatile over short time periods, e.g., milliseconds, seconds, or minutes, depending, among other things, on the served UE’s signal conditions (coverage) and traffic characteristics, and may become meaningful only after averaging over longer periods, e.g., a day or even a week. For example, sending a certain amount of data to cell-edge UEs with poor signal quality can cause order of magnitudes higher energy consumption than sending the same amount of data to cell-center UEs with excellent signal quality. Hence if the EE = DV/EC was measured over short time windows, it would be very volatile.
Energy efficiency information based on the EE KPI is not easily interpretable by neighboring NG-RAN nodes for the above-mentioned reasons but also because other parameters may be needed to interpret variations in the EE values from different NG-RAN nodes. As noted in [4], such parameters are related to demography, topography, and climate, describing network characteristics regarding population density, geographical conditions, and climate zones.
Observation 2: Energy efficiency calculated as data volume over energy consumption is difficult to determine, highly volatile, and difficult to interpret by neighboring NG-RAN nodes.
In conclusion, the EE KPI is a problematic metric that should be considered with caution. It can jump orders of magnitude from peak hour to night hour as well as in shorter time intervals. In fact, the energy consumption has a weak correlation with the data volume. It makes little sense comparing the energy efficiency of a base station in a rural area with a base station in an urban area. Energy consumption (EC) and data volume (DV) should be aggregated over a large enough area for a long period like a day or a week before calculating EE = DV/EC. It is thus difficult for a neighboring NG-RAN node to interpret energy efficiency calculated in this way and not very useful or even misleading as an input or feedback for the AI/ML-based Network Energy Saving use case. 
Observation 3: The EE KPI defined in TS28.554 does not allow to assess whether an NG-RAN node has low or high energy consumption. Changes in such EE value do not necessarily imply changes in energy consumption of an NG-RAN node and do not allow to assess whether an energy saving action resulted in an overall energy saving gain. The EE KPI is therefore not a useful input or feedback for AI/ML-based Network Energy Saving.
[bookmark: _Hlk108538656]Considering the problems analyzed above, it is evident that an EE metric with a linear relation to the energy consumption is needed, so that the metric can be interpreted in the RAN. It is thus proposed that an Energy Efficiency Score is used instead. This EE metric represents the energy efficiency as a quantitative score depending on the energy levels measured over a certain time period. A lower value indicates a higher energy consumption, and a higher value indicates a lower energy consumption. The Energy Efficiency Score is an index, e.g., between 0 and 100, which is strictly decreasing with increasing energy consumption and strictly increasing with decreasing energy consumption. 
In contrast to the EE KPI from TS28.554, this EE score allows an NG-RAN node to assess whether a neighboring NG-RAN node has low or high energy consumption and whether and how (and qualitatively how much) the energy consumption of a neighboring NG-RAN changes. To make EE score comparable in a multi-vendor scenario, both minimum EE score and maximum EE score should be the fixed for a specific network deployment, which can be set via OAM configuration to ensure interpretability in the RAN. This approach is applicable for both predicted and actual values of the EE score.
As example of how Energy Efficiency may be specified is shown below:
	Energy Efficiency
	
	
	INTEGER (0..100)
	The percentage of the measured Energy efficiency average.
Value 0 indicates the minimum measured Energy Efficiency and 100 indicates the maximum measured Energy Efficiency. Energy Efficiency should be measured on a linear scale.
	
	

	Predicted Energy Efficiency (FFS)
	
	
	INTEGER (0..100)
	The percentage of the predicted Energy efficiency average.
Value 0 indicates the minimum Predicted Energy Efficiency and 100 indicates the maximum Predicted Energy Efficiency. Predicted Energy Efficiency should be measured on a linear scale.
	
	



Proposal 2:  It is proposed that the energy efficiency of NG-RAN nodes is signaled as an energy efficiency score, where the “energy efficiency score” is an index quantitatively representing the average energy efficiency over a given time period.
The goal of the AI/ML-based Network Energy Saving use case is to reduce the overall energy consumption of the RAN. For this reason, EE metrics do not necessarily need to be derived and reported per cell. For AI/ML to work properly, it is not necessary to know what the EE at a specific cell is. In fact, breaking down the energy consumption per cell based on, e.g., traffic load, may even be misleading and consequently harmful for AI/ML in cases where the energy consumption cannot be measured per cell. As explained earlier, measuring energy consumption per cell is effectively impossible in a number of cases, e.g. where the same hardware is used to serve multiple cells. In this case, there could at best be a “guess” of what a single cell consumes in terms of energy, which is dangerous when put in the context of AI/ML. Namely, a Model Inference function may use an EE input that is in itself inaccurate. If we think that the prediction output of an AI/ML process has in itself a native inaccuracy, we can immediately realise that a model inference output based on inaccurate inputs will only carry a higher inaccuracy. It is therefore questionable whether this framework is viable.
Instead, it is necessary to know how the overall energy consumption changes at an NG-RAN node in relation to energy saving actions. For this reason and to limit the complexity of the AI/ML solutions, it is proposed that the EE metrics introduced for AI/ML-based Network Energy Saving are exchanged at a per NG-RAN node granularity.  
Proposal 3:  It is proposed that the current and predicted Energy Efficiency Score have a per NG-RAN node granularity. 


2.2. Predicted energy efficiency
The last open issue is related to predicted energy efficiency and reads as follows:
RAN3 to discuss the scenarios where predicted energy efficiency is exchanged. 
In the summary of the offline discussion presented in [1] practically all companies agree that predicted energy efficiency in some form is beneficial to be exchanged between NG-RAN nodes, but it has not yet been defined when predicted energy efficiency is derived and exchanged and what predicted energy efficiency means or relates to. 
More specifically, some companies argue that predicted energy efficiency should be derived assuming a specific energy saving action would be taken by an NG-RAN node on the basis of it, and that only this form of predicted energy efficiency should be exchanged between NG-RAN nodes. Moreover, one company raises the question of how an NG-RAN node can interpret and make use of predicted energy efficiency from another NG-RAN node. 
We note that it remains to be clarified what predicted energy efficiency means or relates to and how predicted energy efficiency from neighboring NG-RAN nodes can be used, e.g., how an NG-RAN node can derive an energy saving decision based on predicted energy efficiency from neighboring NG-RAN nodes. 
As presented in detail in [2], there are two kinds of energy efficiency predictions. In a first case, energy efficiency predictions are made without considering potential energy saving actions like cell de-/activation and UE handover to be taken by NG-RAN nodes, while in a second case, energy efficiency predictions are derived based on the assumption a specific energy saving action would be taken by a specific NG-RAN node.
Observation 4: An NG-RAN node can provide energy efficiency predictions either with or without assuming potential energy saving actions from other NG-RAN nodes.
The first type of predicted energy efficiency may reflect how the energy efficiency at an NG-RAN node will change in the future depending on changes in traffic load, NG-RAN node or cell configuration, etc. but independent of changes at other NG-RAN nodes, e.g., energy saving actions to be taken by other NG-RAN nodes. So far, it has not been clarified how an NG-RAN node would consider such predicted energy efficiency from neighboring NG-RAN nodes to make an energy saving decision. 
In [3], it is argued that, if the predicted energy efficiency of a neighboring NG-RAN node is low, the NG-RAN may decide not to hand over UEs to the neighboring NG-RAN node, e.g., to switch off cells, because it would lead to extra burden for the neighboring NG-RAN node and even worsen its the energy efficiency, eventually causing poorer overall system performance. Independent of the definition of the energy efficiency metric, this statement is not always correct. Taking the legacy energy efficiency metric (data volume over energy consumption) as an example, it is by no means clear whether the neighboring NG-RAN node serves a low data volume or has a high energy consumption. In [4], it is shown that offloading UEs to the neighboring NG-RAN node may even be more beneficial for the overall RAN energy consumption, because the neighboring NG-RAN node may only have a low energy efficiency due to low traffic volume, or as another example, it may serve cell-edge UEs with poor radio conditions requiring robust modulation and coding schemes and thus causing low energy efficiency.
We conclude that receiving the first type of energy efficiency predictions, namely energy efficiency predictions without considering energy saving actions, from neighboring NG-RAN nodes does not enable an NG-RAN node to assess whether handing over UEs to a neighboring NG-RAN node would result in an overall RAN energy saving gain. We further conclude that an NG-RAN node cannot make a better energy saving decision based on such predicted energy efficiency information.
Observation 5: Energy efficiency predictions without assuming potential energy saving actions from other NG-RAN nodes are not useful because they predict an energy consumption without taking all factors into account. Namely the prediction is inaccurate
The second type of predicted energy efficiency, on the other hand, can provide explicit knowledge on how the energy efficiency of neighboring NG-RAN nodes will change if a specific energy saving action would be taken by an NG-RAN node. Unlike the first type of predicted energy efficiency, this type of predicted energy efficiency is unambiguously interpretable by the receiving NG-RAN node and is in fact much more helpful for the NG-RAN node that considers taking the energy saving action, as also acknowledged by some companies.
The procedure is described in more detail hereinafter: An NG-RAN node produces an AI/ML model inference output, e.g., an energy saving strategy or a handover strategy, which is predicted to lead to an energy efficiency level X (or improvement Y) at the NG-RAN node. The NG-RAN node then sends the energy saving strategy or action to the affected neighboring NG-RAN node(s) along with the predicted energy efficiency level X (or improvement Y). The neighboring NG-RAN node(s) may then reply with their predicted energy efficiency level X’ (or improvement or deterioration Y’), based on which the NG-RAN node knows whether the energy saving strategy or action will likely cause an overall RAN energy saving gain. The figure below explains this concept in more details:


Figure 1: Example of EE predictoin usage for energy saving action validation
To sum up, signaling a predicted energy efficiency between NG-RAN nodes and considering it for AI/ML-based Network Energy Saving is beneficial if, and only if, predicted energy efficiency of NG-RAN nodes relates to a predicted/planned energy saving strategy or action. Moreover, it is beneficial that the predicted/planned energy saving strategy or action can be acknowledged by neighboring NG-RAN nodes or replied to with predicted energy efficiency level X’ (or improvement/deterioration Y’) at the neighboring NG-RAN nodes. Only then can predicted energy efficiency enable evaluation of planned strategies or actions and execution of them, if there is an overall RAN energy saving benefit.
Proposal 4: Predicted energy efficiency exchange is beneficial only if there are procedures in place to evaluate between RAN nodes energy saving actions before they are executed. Without such procedures, there is no benefit in exchanging predicted energy efficiency.

3. Reporting of AI/ML information for Energy Saving
In light of the analysis above an example is given of how a signaling message could be structured to report all the AI/ML information relative to the Energy Saving use case.

	Energy Efficiency
	O
	
	INTEGER (0..100)
	Index to energy consumption at the NG-RAN node.
Value 1 indicates the minimum measured Energy Efficiency and 100 indicates the maximum measured Energy Efficiency. Energy Efficiency should be measured on a linear scale
	YES
	ignore

	Predicted Energy Efficiency (presence of this IE is FFS)
	O
	
	INTEGER (0..100)
	Index to predicted energy consumption at the NG-RAN node.
Value 1 indicates the minimum Predicted Energy Efficiency and 100 indicates the maximum Predicted Energy Efficiency. Predicted Energy Efficiency should be measured on a linear scale
	YES
	ignore

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	YES
	ignore

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	–
	

	>>Predicted Radio Resource Status 
	O
	
	9.2.3.xx
	Indicates the predicted values of reported resource measurements 
	
	

	>>UE Performance Indicator List
	O
	1 .. < maxnoofFeedbackUEs >
	
	
	
	

	>>>UE Performance Measurements
	
	
	9.2.3.yy
	
	
	

	>>>UE Assistant Identifier
	O
	
	NG-RAN node UE XnAP ID
9.2.3.16
	
	YES
	ignore




[bookmark: _Hlk110859659]9.2.3.xx	Predicted Radio Resources
This IE provides prediction values for Radio Resource parameters.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	IE/Group Name
	Presence

	Predicted Radio Resource Status 
	O
	
	9.2.2.50
	Predicted value of the Radio Resource Status IE
	–
	

	Predicted TNL Capacity Indicator (FFS)
	O
	
	9.2.2.49
	Predicted value of the TNL Capacity Indicator IE
	–
	

	Predicted Composite Available Capacity Group (FFS)
	O
	
	9.2.2.51
	Predicted value of the Composite Available Capacity Group IE
	–
	

	Predicted Slice Available Capacity (FFS)
	O
	
	9.2.2.55
	Predicted value of the Slice Available Capacity IE
	–
	

	Predicted Number of Active UEs 
	O
	
	9.2.2.62
	Predicted value of the Number of Active UEs IE
	–
	

	Predicted RRC Connections
	O
	
	9.2.2.56
	Predicted value of the RRC Connections IE
	–
	



9.2.3.yy	UE Performance Measurements
The UE Performance Measurements IE indicates performance measurements for a UE.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Average UE Throughput DL
	O
	
	9.2.3.4
	Average overall user plane UE throughput in DL

	Average UE Throughput UL
	O
	
	9.2.3.4
	Average overall user plane UE throughput in UL

	Average Packet Delay 
	O
	
	FFS
	Average value for the delay that a packet may experience.

	Average Packet Error Rate
	O
	
	9.2.3.13
	Average Packet Error Rate 




While the above tabulars are not definitive and need to be discussed in RAN3, they can be taken as a baseline for further work. 
Proposal 5: Take as baseline the tabulars in sections 2 and 3 for the definition of the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, resembling the Xn Resource Status Request Initiation and Resource Status Reporting procedures.

4. Conclusion
In this paper, we discussed the open issues of the AI/ML-based Network Energy Saving use case and the standard impacts relating thereto. The corresponding observations and proposals are listed below:
Proposal 1:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, to signal Network Energy Efficiency parameters between NG-RAN nodes.
Observation 1: It is impossible to measure the energy consumed in the RAN to transfer a certain amount of traffic, in particular on a per cell basis.
Observation 2: Energy efficiency calculated as data volume over energy consumption is difficult to determine, highly volatile, and difficult to interpret by neighboring NG-RAN nodes.
Observation 3: The EE KPI defined in TS28.554 does not allow to assess whether an NG-RAN node has low or high energy consumption. Changes in such EE value do not necessarily imply changes in energy consumption of an NG-RAN node and do not allow to assess whether an energy saving action resulted in an overall energy saving gain. The EE KPI is therefore not a useful input or feedback for AI/ML-based Network Energy Saving.
Proposal 2:  It is proposed that the energy efficiency of NG-RAN nodes is signaled as an energy efficiency score, where the “energy efficiency score” is an index quantitatively representing the average energy efficiency over a given time period.
Proposal 3:  It is proposed that the current and predicted Energy Efficiency Score have a per NG-RAN node granularity. 
Observation 4: An NG-RAN node can provide energy efficiency predictions either with or without assuming potential energy saving actions from other NG-RAN nodes.
Observation 5: Energy efficiency predictions without assuming potential energy saving actions from other NG-RAN nodes are not useful because they predict an energy consumption without taking all factors into account. Namely the prediction is inaccurate
Proposal 4: Predicted energy efficiency exchange is beneficial only if there are procedures in place to evaluate between RAN nodes energy saving actions before they are executed. Without such procedures, there is no benefit in exchanging predicted energy efficiency.

A CR to TS38.423, mirroring the proposals above, is available in R3-226495.
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