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1	Decision/action requested
[bookmark: _Hlk64897434]The group is requested to discuss and endorse the detailed proposal in section 4.
2	References
[bookmark: _Hlk83628987][1]	S5-235036 (R3-233515): LS on AI/ML for NG-RAN Energy Saving Energy Cost index
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[4]	S5-241076: Reply LS on AI/ML for NG-RAN Energy Saving Energy Cost index
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3	Discussion
[bookmark: _Hlk151991600]SA5 received a LS from RAN3 [1] on their new use case “AI/ML for NG-RAN Energy Saving” highlighting the need for an ‘Energy Cost index’ being exchanged between gNBs over Xn. SA5 replied in [2] with questions for clarification. In [3], RAN3 answers to SA5 questions. In [4], SA5 asked additional questions to RAN3. RAN3 replied in [5].
Based on RAN3 answers, SA5 understanding of the overall potential use cases are as described in below section 3.1. A proposal on how to address these use cases is made in section 3.4.
3.1	Introduction 
In a given area (i.e., group of gNBs), one gNB (called ‘requesting gNB here’) may wish to obtain information on the (expected) impact of its decisions (or actions) to any other gNB (called ‘reporting gNBs’ here). For example, the requesting gNB may wish to obtain information on the impact of its decisions (or executed actions) to the energy consumption of reporting gNB. 
Example decisions (or executed actions) may include: 
-	Cell switch-off scenario where the requesting gNB needs to determine whether to switch-off a cell and offload its traffic to one or more reporting gNBs 
-	Cell switch-off scenario where the requesting gNB has entered energy saving mode and needs to determine how much its decision to switch-off a cell and offload its traffic to one or more reporting gNBs has affected the reporting gNBs
-	Coordination scenario where a gNB A is undertaking load balancing and tries to offload traffic to the requesting gNB and at the same time the requesting gNB is doing energy saving tries to offload traffic to the cells in gNB A. Since these are conflicting objectives, the requesting gNB needs to determine whether it is best to offload to gNB A with respect to energy saving or to let gNB A to offload to it with respect to load balancing. The requesting gNB may need to know the energy-related cost of transferring load to the gNB A to determine what the best action should be.
For these scenarios, the impact can be evaluated using the energy cost. The energy cost represents the aggregate cost related to a normalized metric on energy consumption in the reporting gNB. Although it may be aggregated and averaged over a certain period, it represents the cost at a given point time and not the change in cost over 2 time points. The “energy cost” may consider the absolute amount of energy consumed for a given type of energy (e.g., solar, wind, etc.) and the willingness of the gNB to accept the action proposed by the requesting gNB. The energy cost (refer clause 9.1.3.29 of TS 38.423 [6]) expressed on a fixed scale (0-10,000) is the simple way of expressing this energy cost in a way that is interpretable in a unified way by different gNBs.
3.2	Potential use cases 
3.2.1	Introduction
The energy cost index could be used for various use cases. Below are some example potential use cases where the energy cost index could be utilized are described. 
3.2.2	Potential use case 1: evaluating expected impact of actions 
The requesting gNB wants to execute an energy saving action (e.g. transfer users and switch off a cell). The requesting gNB requires to obtain information on the potential impacts of its planned decisions (or actions) on the energy consumption of reporting gNBs. The requesting gNB will select gNBs, for offloading the UEs, whose total increase in the "energy cost" from this offloading action will be less than the decrease with respect to the “energy cost” by switching off its cells. For a gNB to determine whether it makes an optimal AI/ML Energy Saving decision, the energy cost measurements provided by its neighbours need to be scaled in the same way as its own “energy cost” is scaled, so that it can compare whether the AI/ML Energy Saving decision resulted in a decrease of the overall “energy cost” in the neighbourhood of the gNB taking the AI/ML Energy Saving decision. The impact is to be evaluated using the expected change in the energy consumption of reporting gNBs. 
3.2.3	Potential use case 2: evaluating impact of actions relative to the cost of the reporting gNB
After the decision has been made (to offload its users) and the action is executed, the requesting gNB needs to know the actual total increase in the "energy cost" from this offloading action. The requesting gNB requires to obtain information on the (potential) impacts of its decisions (or actions) on the energy consumption of reporting gNB(s), i.e., evaluating the relative change in the energy consumption of reporting gNB. Here, a single energy cost index value does not provide any useful information as the requesting gNB requires at least 2 energy cost index values to determine ethe impact of its decisions, i.e. the value before the action and another after the action. 
3.2.4	Potential use case 3: evaluating (expected) impact of actions relative to other actions 
A gNB A, has informed the requesting gNB of an impending action towards the requesting gNB (e.g. gNB A is undertaking load balancing and tries to offload traffic to a neighbour gNB C). On the other hand, the requesting gNB is doing energy saving, tries to offload traffic to the cells in gNB A. The requesting gNB requires to obtain information on the (potential) impacts of its decisions (or actions) on the energy cost of reporting gNB, i.e., the impact evaluating the comparative change in the total energy cost, of the action of switching off cells in the requesting gNB and offloading traffic to the cells in in gNB A, against the total energy cost of the action from gNB A of offloading traffic for load balancing to the cells in the requesting gNB. Here again, a single energy cost index value is not useful to express, the differences in cost between the two actions.
3.3	Procedures and OAM requirements
In general, the requesting gNB needs to receive at least 2 Energy Cost index reports from a given reporting gNB. Accordingly, the following sequence may be executed:
1. In a given area (i.e. group of gNBs), the Operator may decide to use AI/ML for NG-RAN energy saving based on energy cost index;
NOTE 1: In Rel-18, ng-eNBs are not in the scope of this use case (see item a) in [3])
NOTE 2: In Rel-18, the Energy Cost index concept is limited to non-split NG-RAN nodes (see RAN3 answer to Q4 in [3]).
NOTE 3: the group of gNBs that need to be considered together for energy cost configuration could be defined by the operator or derived by the management system.
NOTE 4: The operator or the management system should be able to modify the “area” or “group”, i.e., add or remove the gNB(s) from a given area/group. 
· OAM Requirement No. 1: the 3GPP management system shall enable the Operator to define a group of gNBs that need to be considered together for energy management including for configuring energy cost reporting.
· OAM Requirement No. 2: the 3GPP management system shall have the capability to derive and report to the Operator the group of gNBs that need to be considered together for energy management including for configuring energy cost reporting.
· OAM Requirement No. 3: the 3GPP management system shall enable the Operator to receive a notification in the case where a gNB is allocated to more than one area/group for Energy Cost reporting.
2. Any gNB (called ‘requesting gNB’ here) within the area/group may trigger the Energy Cost index reporting over the Xn interface (say at time t1) towards any of its neighbour gNBs (called ‘reporting gNBs’ here) within the same area/group (see clause 8.4.13 and 9.1.3.26 of TS 38.423 [6]).
NOTE 5: If the ‘requesting gNB’ wants to receive the Energy Cost periodically, then it can include ‘Reporting Periodicity’ in this request sent over Xn interface.
3. Upon reception of this request, the ‘reporting gNB’:
a. starts measuring its own energy consumption and computes the averages over a time interval specified by the Operator and provisioned into the gNB via OAM
b. applies the “Energy Consumption – to – Energy Cost” mapping rule (called ‘Energy Cost mapping rule’ here) to the computed energy consumption value so as to obtain its own corresponding Energy Cost index value.
c. reports its Energy Cost value (see Energy Cost IE in clause 9.1.3.29 of TS 38.423 [6]) to the requesting gNB over the Xn interface (see clause 8.4.14 and 9.1.3.29 of TS 38.423 [6]).
NOTE 6: For a comparative evaluation among multiple gNBs, the same ‘Energy Cost mapping rule’ needs to be applied among the multiple gNBs.
NOTE 7: The ‘reporting gNB’ reports the Energy Cost value periodically, if requested by the ‘reporting gNB’. 
· OAM Requirement No. 4: the 3GPP management system shall enable the Operator to configure the time interval within which the gNBs should average their actual energy consumption values.
NOTE 9: Operator defines the unified ‘Energy Cost mapping rule’ (see RAN3 answer to Q4 in [5]) to be provisioned via OAM to all gNBs pertaining to the area/group, allowing later on any gNB of the area/group to map its actual energy consumption value (between the minimum and maximum energy consumption values) into a corresponding dimensionless Energy Cost index value between the minimum (0) and maximum (10,000) Energy Cost index values.
· OAM Requirement No. 5: the 3GPP management system shall enable the Operator to provision the unified ‘Energy Cost mapping rule’, that allows aggregation of multiple aspects that contribute to the aggregate Energy Cost, for all the gNBs pertaining to the area/group.
NOTE 10: the ‘Energy Cost mapping rule’ is not transferred over the Xn interface.
NOTE 11: The ‘Energy Cost mapping rule’ applies to a certain area/group, i.e. not necessarily the whole Operator’s network, in which the Energy Cost index reporting between gNBs may be triggered (see RAN3 answer to Q4 item b) in [3]).
NOTE 12: In Rel-18, any given gNB in the Operator’s network belongs to at most one area/group for Energy Cost reporting.
NOTE 13: How gNBs measure their actual energy consumption is not standardized.
NOTE 14: The Energy Cost mapping rule could include multiple attributes that express the aggregate cost of energy. Among them are:
· The absolute amount of consumed Energy per Energy source type (e.g., solar, wind, etc.) in the reporting gNB – measured over a time window of length T. 
· The willingness of the reporting gNB to support operations of the requesting gNB, e.g., to take load from requesting gNB given the degree of neighbourliness of the requesting gNB to the reporting gNB. For example, the Energy Cost would be lower for a gNB whose cells have higher overlap (i.e., higher neighbourliness) comparted to that of a gNB whose cells are further away.
NOTE 15: Semantics of Energy Cost mapping rule needs to be defined by OAM. Defining this mapping rule as a string data type does not support inter-operability across vendors (as the gNBs would need to have proprietary vendor specific handling for interpretation of the rule defined in the string and same interpretation cannot be guaranteed across vendors) and raises security concerns (any malicious defined mapping rule in string could cause disruption to the gNB and even bring down the gNB). Hence, attribute to configure the Energy Cost mapping rule needs to be defined appropriately by OAM. As an example, the Energy Cost mapping rule can define the ECI (Energy Cost Index) as a weighted function, such that:
Where:
-  is the component due to actual measured energy consumption on a type of energy n such as (e.g. solar, wind, hydro, etc.)
- TQ is the desirability of a type of energy (e.g. solar, wind, hydro, etc.) 
-  is the component due to the degree of neighbourliness of the requesting gNB
-  is the component due to the amount of traffic carried by the reporting gNB.
- ….


· OAM Requirement No. 6: the 3GPP management system shall enable the Operator to define a mapping rule component for the absolute amount of Energy consumed per Energy type. 
· OAM Requirement No. 7: the 3GPP management system shall enable the Operator to define a mapping rule component for the degree of neighbourliness of the requesting gNB to the reporting gNB as a measure of the willingness of the reporting gNB to accept transfer of load from the requesting gNB. 
Note 16: Each component of the Energy Cost mapping rule (also called a mapping rule component) has a different scale within which it may be computed, i.e., a minimum reference, a maximum reference and scaling function. These can be configured by the operator in a way that allows them to map to the minimum and maximum dimensionless Energy Cost index values.
· OAM Requirement No. 8: the 3GPP management system shall enable the Operator to read/write a minimum reference, maximum reference and scaling function of the mapping rule components all gNBs pertaining to the area/group.
4. [bookmark: _Hlk160003874]at time t2, the ‘requesting gNB’ derives an operation which may impact energy cost in ‘reporting gNB’, so the ‘requesting gNB’ wants to know what that future energy cost will be.
a. Alternatively, it could be that the ‘reporting gNB’ has already executed that action and the action has impacted the energy cost in the ‘reporting gNB’, so the ‘requesting gNB’ needs to know the new energy cost.
5. ‘requesting gNB’ requests the energy cost of ‘reporting gNB’ at time t3 by triggering the Energy Cost index reporting over the Xn interface towards the ‘reporting gNB’
6. upon reception of this request, the ‘reporting gNB’ executes the action as in step 2 to report its Energy Cost EC2
7. ‘requesting gNB’ can make optimization actions to ensure less impact on ‘reporting gNB’ and ensuring overall energy saving in the network.
3.4	Proposed way forward for SA5
It is proposed that the following be made in Rel-18, Cat F CR:
3.4.1	Capture new OAM requirements in TS 28.540
It is proposed that:
1. background information on AI/ML energy saving based on Energy Cost index (from above section 3.1) be captured in a new sub-clause of TS 28.540 clause 4 (Concepts and background);
2. new OAM requirements (from above section 3.1) be captured in a new sub-clause of TS 28.540 clause 5 (Requirements).
3.4.2	Capture new NRM definitions in TS 28.541
It is proposed that:
1. New NRM Stage 2 definitions be introduced in clause 4 (Information model definitions for NR NRM) of TS 28.541
2. Corresponding Stage 3 definitions be introduced in Forge.
Wrt. Stage 2, it is proposed that 
· ESGroup, IOC is introduced to indicate the group of gNBs that should be configured with similar characteristics for energy saving (see OAM Requirement No. 1)
· The IOC ESGroup will be named-contained by the SubNetwork IOC
· The IOC ESGroup will have a one-to-many relationship with the GNBCUCPFunction IOC
· In Rel-18, the IOC GNBCUCPFunction will have a many-to-one relationship with IOC ESGroup
· eCIAverageTimeInterval, attribute is introduced on eSGroup as a readable / writable integer in seconds (see OAM Requirement No. 4).
· eCImappingRule is introduced on the ESGroup as a datatype that holds multiple components (see OAM Requirement No. 5). The following are attributed proposed for ECImappingRule data type:
· eCIEnergyTypeComponent is introduced as an attribute of eCImappingRule to represent a component for energy consumption for a type of energy (see OAM Requirement No. 6). This may be a list indicating multiple types of energy sources available.
· eCINeighborlinessComponent is introduced as an attribute of eCImappingRule to represent a component for degree of neighbourliness of the reporting gNB to the requesting gNB (see OAM Requirement No. 7). 
The attribute for the mapping rule energy cost index (i.e., eCImappingRule) can be defined using a data type, as described below: 
[bookmark: _Toc106192965][bookmark: _Toc138065973]3.4.2.1	ECImappingRuleInfo <<dataType>>
3.4.2.1.1	Definition
[bookmark: MCCQCTEMPBM_00000117]The <<dataType>> represents the components of ECI mapping Rule. A context describes the condition.
· eCIEnergyTypeComponentInfoList is an attribute of type ECIEnergyTypeComponentInfo that represents a component for energy consumption for a type of energy. This can be a list indicating multiple types of energy sources available.
· eCINeighborlinessComponentList is an attribute of type ECIEnergyTypeComponentInfo that represent a component for degree of neighbourliness of the reporting gNB to the requesting gNB. 
· eCITrafficList is an attribute of type ECIEnergyTypeComponentInfo that represent a component for amount of traffic carried by the reporting gNB to the requesting gNB. 
· eCIMappingRuleName is an attribute of type string that can be used to lable the mapping rule. 
3.4.2.1.2	Attributes
[bookmark: MCCQCTEMPBM_00000161]The ECImappingRuleInfo includes the following attributes.
Table 6.2.1.3.4.2-1
	Attribute Name
	S
	isReadable 
	isWritable
	isInvariant
	isNotifyable

	eCIEnergyTypeComponentInfoList
	CM
	T
	F
	F
	F

	eCINeighborlinessComponentList
	CM
	T
	F
	F
	F

	eCITrafficList
	CO
	T
	F
	F
	F

	eCIMappingRuleName
	O
	T
	T
	F
	F



3.4.2.2	ECIEnergyTypeComponentInfo <<dataType>>
3.4.2.2.1	Definition
The <<dataType>> represents a component of ECI mapping Rule.
eCIEnergyTypeComponent is an attribute of type ENUM with allowed values as ENERGY_TYPE, NEIGHBOURLINESS, TRAFFIC.
eCIEnergyWeight is an attribute of type integer that contains the weight for the energy type component
3.4.2.1.2	Attributes
The ECIEnergyTypeComponentInfo includes the following attributes. There is a constrain to eCIEnergyWeight, for which sum shall be 1x.
	Attribute Name
	S
	isReadable 
	isWritable
	isInvariant
	isNotifyable

	eCIEnergyTypeComponent
	M
	T
	F
	F
	F

	eCIEnergyWeight
	M
	T
	F
	F
	F



4	Detailed proposal
It is requested to:
· endorse the use case description and the OAM requirements from section 3.3 and the proposal made in section 3.4.
· endorse that TEI-18 Cat-F CRs may be used to implement the solution proposed in section 3.4, the justification being that the OAM needs to support, in Rel-18, the AI/ML for NG-RAN Energy Saving use case specified by RAN3.
[bookmark: clause4]
