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[bookmark: _Toc105572865][bookmark: _Toc106198991]
7.2.4	MDA assisted Energy Saving
[bookmark: _Toc105572866][bookmark: _Toc106198992]7.2.4.1	Energy saving analysis
[bookmark: _Toc105572867][bookmark: _Toc106198993][bookmark: OLE_LINK382][bookmark: OLE_LINK333]7.2.4.1.1	Description
This MDA capability is for the energy saving analysis.
[bookmark: _Toc105572868][bookmark: _Toc106198994]7.2.4.1.2	Use cases
Operators are aiming at decreasing power consumption in 5G networks to lower their operational expense with energy saving management solutions. Energy saving is achieved by activating the energy saving mode of the NR capacity booster cell or 5GC NFs (e.g. UPF etc.). The energy saving decision making is typically based on the load information of the related cells/UPFs, the energy saving policies set by operators and the energy saving recommendations provided by MDAS producer. To achieve an optimized balance between the energy consumption and the network performance, MDA can be used to assist the MDAS consumer to make energy saving decisions. 
To make the energy saving decision, it is necessary for MDAS consumer to determine where the energy efficiency issues (e.g. high energy consumption, low energy efficiency) exist, and the cause of the energy efficiency issues. Therefore, it is desirable for MDA to correlate and analyze the energy saving related performance measurements (e.g. PDCP data volume of cells, power consumption, etc.) and the network analysis data (e.g. observed service experience related network data analytics) to provide the analytics results which indicate current network energy efficiency. In some low-traffic scenarios, MDA MnS consumers may expect to reduce energy consumption to save energy. In this case, the MDA MnS consumer may request the MDAS producer to report only high energy consumption issue related analytics results.  When the consumer expects to improve energy efficiency, although it may lead to high energy consumption in network or in certain parts of network, then the related issue is the low energy efficiency one. In that case, the consumer may request analytics results related to low energy efficiency issue. So, the target could be to enhance the performance of NF for a given energy consumption. This will result in higher Energy Efficiency of network.
To make the energy saving decision, it is necessary for MDAS consumer to determine which Energy Efficiency (EE) KPI related factor(s) (e.g. traffic load, end-to-end latency, active UE numbers, etc.) are affected or potentially affected. The MDAS producer can utilize historical data to predict the EE KPI related factors (e.g. load variation of cells at some future time, etc.). The prediction result of these information can then be used by operators to make energy-saving decision to guarantee the service experience.
The MDAS producer may also provide energy saving related recommendation with the energy saving state to the MDAS consumer. Under the energy saving state, the required network performance and network experience should be guaranteed. Therefore, it is important to formulate appropriate energy saving policies (start time, dynamic threshold setting, base station parameter configuration, etc.). The MDAS consumer may take the recommendations with the energy saving state into account for making analysis or making energy saving decisions. After the recommendations have been executed, the MDA producer may start evaluating and further analyzing network management data to optimize the recommendations.
As described above, energy saving analysis needs to determine when it is necessary to take the energy saving actions for NR and 5GC NFs that can be triggered by energy efficiency related measurements or KPIs. For example, when the energy efficiency is below certain threshold, it is the time for energy saving analysis to analyze the cause and determine the mitigation actions. The energy efficiency for NR and 5GC NFs are tightly coupled to the VNF energy consumption data. Therefore, it is necessary for energy saving analysis to predict the energy consumption for VNF instance(s), based on virtual compute usage, virtual memory usage, and virtual disk usage measurements (see clause 5.7.1.1 in TS 28.552 [4]).

[bookmark: _Toc105572869][bookmark: _Toc106198995]7.2.4.1.3	Requirements
Table 7.2.4.1.3-1
	Requirement label
	Description
	Related use case(s)

	REQ-ES_MDA-01
	MDA capability for energy saving analysis shall be able to identify the energy efficiency issue (including high energy consumption, low energy efficiency), and identify the cell/NFs or location area of where the indicated energy efficiency issue exists.
	Energy saving analysis

	REQ-ES_MDA-02
	[bookmark: OLE_LINK345]MDA capability for energy saving analysis shall be able to identify the root cause of the energy efficiency issue when necessary.
	Energy saving analysis

	REQ-ES_MDA-03
	MDA capability for energy saving analysis shall be able to utilize the network status analysis and predictions information of the energy efficiency KPI factors (including, traffic load trends) to assist achieving energy saving.
	Energy saving analysis

	REQ-ES_MDA-04
	MDA capability for energy saving analysis shall be able to provide the energy saving recommendation, including policies and configuration actions to guarantee the network performance and end user service experience.
	Energy saving analysis

	REQ-ES_MDA-05
	MDA capability for energy saving analysis shall be able to predict the energy consumption for VNF instance(s).
	Energy saving analysis
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8.4	Data definitions per MDA capability
[bookmark: _Toc105572943][bookmark: _Toc113619612]8.4.4	MDA assisted energy saving
[bookmark: _Toc105572944][bookmark: _Toc113619613]8.4.4.1	Energy saving analysis
[bookmark: _Toc105572945][bookmark: _Toc113619614]8.4.4.1.1	MDA type
The MDA type for energy saving analysis is: MDAAssistedEnergySaving.EnergySavingAnalysis.
[bookmark: _Toc105572946][bookmark: _Toc113619615]8.4.4.1.2	Enabling data
The enabling data for MDAAssistedEnergySaving.EnergySavingAnalysis MDA type are provided in table 8.4.4.1.2-1.
For general information about enabling data, see clause 8.2.1.
Table 8.4.4.1.2-1: Enabling data for energy saving analysis
	[bookmark: MCCQCTEMPBM_00000142]Data category
	Description
	References

	Performance measurements
	PNF Power Consumption: power consumed over the measurement period
	Clause 5.1.1.19.2 of TS 28.552 [4].

	
	PNF Energy consumption: energy consumed
	Clause 5.1.1.19.3 of TS 28.552 [4].

	
	SS-RSRP distribution per SSB (beam) of serving NR cell
	Clause 5.1.1.22.1 of TS 28.552 [4].

	
	SS-RSRP distribution per SSB (beam) of neighbor NR cell
	Clause 5.1.1.22.1 of TS 28.552 [4].

	
	PDCP Data Volume of NR cells: PDCP data volume delivered in the downlink and uplink
	Clause 5.1.2.1 and 5.1.3.6 of TS 28.552 [4]

	
	Traffic load variation:
-	PRB utilization rate;
-	RRC connection number;
-	etc.
	Clause 5.1.1.2 and 5.1.1.4 of TS 28.552 [4].

	
	UE throughput:
-	UE throughput in downlink and uplink
	Clause 5.1.1.3 of TS 28.552 [4].

	
	Delay related measurements of UPF
	Clause 5.4 of TS 28.552 [4].

	
	Data volume of UPF
	Clause 5.4 of TS 28.552 [4].

	
	Virtual resource usage of NF: The virtual CPU usage, virtual memory usage, virtual disk usage of virtual network functions
	Clause 5.7.1 of TS 28.552 [4].

	MDT reports
	The RSRPs of UE measurements
	RSRPs of M1 measurements in TS 32.422 [6] and TS 32.423 [7].

	
	The RSRQs of UE measurements
	RSRQs of M1 measurements in TS 32.422 [6] and TS 32.423 [7].

	
	The UE location information
	UE location of M1 measurements in TS 32.422 [6] and TS 32.423 [7].

	QoE Data
	The measurements that are collected are DASH and MTSI measurements
	TS 28.406 [9].

	Configuration data
	MOIs of the cells, UPFs and SMFs
	TS 28.541 [15].

	Network analytics data
	The control plane analysis result from the NWDAF, e.g. observed service experience related network data analytics
	TS 23.288 [10].

	Virtualized NE energy consumption data
	The measurement provides the energy consumption of the virtualized NE.
	Clause 5.1.1.19.8 in TS 28.552



[bookmark: _Toc105572947][bookmark: _Toc113619616]8.4.4.1.3	Analytics output
The specific information elements of the analytics output for energy saving analysis, in addition to the common information elements of the analytics outputs (see clause 8.3), are provided in table 8.4.4.1.3-1.
Table 8.4.4.1.3-1: Analytics output for energy saving analysis
	Information element
	Definition
	Support qualifier
	Properties

	energyEfficiencyProblematicObject
	Indication of NR cells or NFs where the energy efficiency issues occurred or potentially occur.
	M
	type: DN
multiplicity: 1..*
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	energyEfficiencyProblemType
	Indication of type of the energy efficiency issues.

The allowed value is one of the enumerated values: HighEnergyConsumption, LowEenergyEfficiency, Other, Unknown.
	M
	type: enumeration
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	trafficLoadTrends
	The predictions of the trends of traffic load in a certain time period. The predictions include the traffic load of the issue cell(s) and neighboring cell(s).
	M
	type:TrafficLoadTrend
multiplicity: 1..*
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	energySavingRecommendations
	The recommendation shall contain the energy saving policy.
For ES on NR cells. It may contain a set of:
-	Recommended NR Cell (ES-Cell) to enter energySaving state.
-	Recommended candidate cells with precedence for taking over the traffic of the ES-Cell.
-	The time to enter and terminate the energy saving state.
-	The load threshold to enter and terminate the energy saving state for the ES-Cell.
For ES on UPFs. It contains a set of:
-	Recommended UPF (ES-UPF) to conduct energy saving.
-	Recommended candidate UPFs with precedence for taking over the traffic of the ES-UPF.
-	The time to conduct energy saving for the ES-UPF.
	M
	type: EsRecommendation
multiplicity: 1..*
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	statisticsOfCellsEsState
	The statistic result of current energy saving state of the cells at a certain time, which can be used by consumers to make analysis (e.g. observed service experience analysis made by NWDAF) or to make decision (e.g. enter/exit the energy saving state based on the current energy saving state).
	O
	type: StatisticOfCellEsState
multiplicity: 1..*
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	predictedVnfEnergyConsumption
	It provides the predicted energy consumption for VNF instance(s). It could be generated, based on the input data of virtual compute usage, virtual memory usage, virtual disk usage (NOTE).


	
	type: PredictedVnfEC
multiplicity: 1..*
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	NOTE: Refer Annex C for the inference conducted by MDAF, using ML model.
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[bookmark: _Toc105572982][bookmark: _Toc113619651]8.5.x	PredictedVnfEC <<dataType>>
[bookmark: _Toc105572983][bookmark: _Toc113619652]8.5.x.1	Definition
This data type specifies the type of predicted VNF energy consumption.
[bookmark: _Toc105572984][bookmark: _Toc113619653]8.5.x.2	Information elements
Table 8.5.x.2-1
	Name
	Definition
	Support qualifier
	Properties

	mfDN
	It indicates the DN of the ManagedFunction MOI of the VNF instance.
	M
	type: DN
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	startTime
	It indicates the start time of the analytic window of the energy consumption prediction.
	M
	type: DateTime
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	endTime
	It indicates the end time of the analytic window of the energy consumption prediction.
	M
	type: DateTime
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	predictedEC
	It provides the value of the VNF energy consumption in kilowatt-hours (kWh).
	M
	type: Real
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False
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Annex C (Informative): VNF energy consumption prediction
C.1	General
An MDA function may be deployed as an AI/ML inference function using the relevant ML model to predict the VNF energy consumption. Figure C-1 shows that the AI/ML inference function utilizes the ML model to predict the VNF #1 and VNF #2 energy consumption data, based on virtual Compute/memory/disk usage data for VNF #1 and VNF #2, and virtualized NE energy consumption data.


Figure C-1: MDA inference function for VNF energy consumption
Figure C-2 shows an example describing the training of the ML model used by the inference function to predict the VNF energy consumption. It shows that the virtualized NE (see TS 28.500 [z]) contains the NFVI (see ETSI GS NFV 003 [y]) in which two VNF instances (i.e., VNF #1 and VNF #2) are deployed. PEE sensors as defined in ETSI ES 202 336-12 [x] are used to collect the energy consumption of the virtualized NE. Figure C-2 also shows the samples of virtualized NE energy consumption data and the virtual Compute/memory/disk usage data for VNF #1 and VNF #2 (see clause 5.7.1.1.1-3 in TS 28.552 [4]) fluctuate continuously over time. The virtual Compute/memory/disk usage data are time synchronized with the virtualized NE energy consumption data, so they can be used as data samples and data labels for model training.
The model training function will use huge volume of dataset, including the data samples of virtual Compute/memory/disk usage data for VNF #1 and VNF #2, and data labels of the virtualized NE energy consumption data to compute the parameters of the ML model that is used to predict the energy consumption for VNF instance(s).


[bookmark: _Hlk116556958]Figure C-2: VNF energy consumption model training
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