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[22]	3GPP TS 28.312: "Management and orchestration; Intent driven management services for mobile networks".
[23]	ETSI ES 202 706-1 V1.7.1 (2022-08): "Environmental Engineering (EE); Metrics and measurement method for energy efficiency of wireless access network equipment; Part 1: Power consumption - static measurement method".
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[26]	ETSI ES 202 336-12 (V1.2.1) (2019-02): "Environmental Engineering (EE); Monitoring and control interface for infrastructure equipment (power, cooling and building environment systems used in telecommunication networks); Part 12: ICT equipment power, energy and environmental parameters monitoring information model".
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[33]	ISO/IEC 30134-3:2016: "Information technology -- Data centres -- Key performance indicators -- Part 3: Renewable energy factor (REF)".
[34]	3GPP TS 23.501: "System architecture for the 5G System (5GS)".
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[bookmark: _Toc202514947]6.3.2	Solution for energy consumption of VNF/VNFCs
[bookmark: _Toc202514948]6.3.2.1	Introduction
In case of Network Functions (NF) composed of Virtualized Network Functions (VNF) running on a Network Function Virtualization Infrastructure (NFVI), it is expected to be able to measure the energy consumption of each VNF separately. However, in a NFVI, the finest grain at which Energy Consumption can be measured is the NFVI Node, making it impossible to measure the energy consumed by each and every VNF separately given that a) a VNF can run on more than one NFVI node and b) a NFVI node can support more than one VNF. Therefore, this clause describes a solution for estimating the energy consumption of VNFs.
ETSI GR NFV-IFA 015 [19] states that:
-	a VNF is composed of 1-to-many VNF Component(s) (VNFC) – see diagram below.
-	a VNFC runs over a single VirtualisationContainer – see diagram below.
[image: ]
Figure 3.2.1-1: VNF-VNFC-Virtualisation Container relationship
where a Virtualisation Container is defined in ETSI GR NFV 003 [20] as follows:
"
partition of a compute node that provides an isolated virtualised computation environment.
NOTE:	Examples of virtualisation container includes virtual machine and OS container.
".
Hence, a Virtualisation Container runs on a single NFVI Compute Node. A NFVI Compute Node may support 1-to-many Virtualisation Container(s).

To estimate the Energy Consumption of VNF / VNFCs based on resource usage, as described in the solution in clause 6.3.2.2, it is assumed that:
- Pre-condition #1: there exists a Management Function (MF) in charge of estimating the energy consumption of the VNFs.
- Pre-condition #2: this MF knows on which NFVI node(s), the VNF/VNFC instances run;
- Pre-condition #3: NFVI nodes are equipped with embedded or external sensors (see ETSI ES 202 336-12).
[bookmark: _Toc202514949]6.3.2.2	Solution for VM-based VNF/VNFCs based on resource usage
[bookmark: _Toc202514950]6.3.2.2.1	Solution based on vCPU usage of virtual compute resources
The procedure for estimating the energy consumption of VNF/VNFCs based on the vCPU usage of underlying virtual compute resources is as follows:
1. The MF in charge of estimating the energy consumption of VNFs collects Power, Energy and Environmental (PEE) measurements from NFVI nodes (see clause 6.3.1), during a given period of time. The procedure described here is independent from whether the NFVI nodes are equipped with embedded sensors or external sensors;
2. The MF subscribes to PM notifications towards the VNFM, so as to receive notifications about the vCPU mean usage of selected VNF/VNFC instances (see ETSI GS NFV-IFA 008 [37] clause 7.4.4) for a given period of time (same observation period as in 1);
3. The MF requests the VNFM to create a PM job to collect the vCPU usage of selected VNF/VNFC instances (see ETSI GS NFV-IFA 008 [27] clause 7.4.2);
4. The VNFM subscribes to PM notifications towards the VIM, so as to receive notifications about the vCPU usage of the virtual compute instances on which each VNF/VNFC instance runs (see ETSI GS NFV-IFA 006 [29] clause 7.7.5);
5. The VNFM requests the VIM to create a PM job to collect the vCPU usage of the virtual compute instances on which each VNF/VNFC instance runs and whose IDs are provided as input parameters of the CreatePMJob request (see ETSI GS NFV-IFA 006 [29] clause 7.7.2);
6. The VIM gets, at pre-defined intervals, the process utilization compute metric values from all CPU Cores of the NFVI (see ETSI NFV-TST 008 [28] clause 6.6). Whether the VIM gets this data in pull mode or in push mode is out of scope of the present document;
7. The VIM aggregates them per virtual compute resource and calculates their arithmetic mean per virtual compute resource; this per virtual compute resource arithmetic mean of process utilization compute metric values is called VCpuUsageMean (see ETSI GS NFV-IFA 027 [25] clause 7.1.2); 
8. The VIM notifies the VNFM about VCpuUsageMean measurement(s) for the virtual compute instance(s) (see ETSI GS NFV-IFA 006 [29] clause 7.7.6);
9. The VNFM maps the received VCpuUsageMean measurement(s) from virtual compute instances to the VNF/VNFC instance(s);
10. The VNFM generates the measurement for the subject VNF/VNFC instances by assigning the value of the multiple VCpuUsageMean measurements received (see ETSI GS NFV-IFA 027 [25] clause 7.2.2);
11. The VNFM notifies the Management Function in charge of estimating the 5GC NF EC, about the average VCpuUsageMean of each virtual compute instance used by the VNF/VNFC instance(s) which constitute the NF (see ETSI GS NFV-IFA 008 [28] clause 7.4.5);
12. NF energy consumption can be now estimated as follows:
-	The energy consumed by the NF is the sum of the energy consumed by all its constituent VNF/VNFC instances. 
-	For each VNF/VNFC instance, its estimated energy consumption is a proportion of the NFVI node energy consumption on which it runs.
-	This proportion is equal to the vCPU mean usage of the VNF/VNFC instance relatively to the sum of the vCPU mean usage of all VNF/VNFC instances running on the same NFVI node.

Start of third change

6.3.2.A	Solution for energy consumption of VNF/VNFCs based on collecting their energy consumption
6.3.2.A.1	Introduction


To estimate the Energy Consumption of VNF/VNFCs based on collecting their energy consumption, as described in the solution in clause 6.3.2.A.2, following pre-conditions apply:
-	Pre-condition #1: there exists a Management Function (MF) in the 3GPP management system in charge of estimating the energy consumption of the VNFs (same as specified in clause 6.3.2.1); and
-	Pre-condition #2: the MF knows from which VNF/VNFCs to collect the energy consumption.
Pre-condition #2 implies that the MF is requested to compute the estimated energy consumption of a selected 5GC NF and is capable to derive the set of VNF/VNFC instances that constitute the NF. This can be done by:
-	As specified in clause 4.3.4 of 3GPP TS 28.622, ManagedFunction includes attribute vnfParametersList, which in turn contains vnfInstanceId. With this information, the MF can know the set of VNF instances that constitute the ManagedFunction.
-	As specified in clause 5.3 of 3GPP TS 28.533, 3GPP management system is capable to consume NFV-MANO interfaces (among others) for VNF LCM, PM, FM, CM on resources supporting VNF, including over the Ve-Vnfm-em. The Ve-Vnfm-em interfarces and information model are specified in ETSI GS NFV-IFA 008 [37]. As examples, procedures in clauses 7.10 to 7.12 in 3GPP TS 28.531 [6] describe interactions involving 3GPP management system and NFV-MANO with references to the ETSI GS NFV-IFA 008 [37]. Therefore:
*	If the MF only needs to collect the energy consumption associated only to a VNF instance, the MF, with the known vnfInstanceId information, is enough to request the creation of PM notification subscriptions and PM Job with filtering/selection criteria indicating the vnfInstanceId of interest (see references to ETSI GS NFV-IFA 008 [37] in steps #1 and #2 of the solution description in clause 6.3.2.A.2). 
*	If the MF needs to collect the energy consumption associated to specific VNFC instances of a VNF instance, the MF can know the set of VNFC instances of a VNF instance by querying the VNFM the VNF instance information by means of "Query VNF operation" as specified in clause 7.2.9 of ETSI GS NFV-IFA 008 [37]. The returned information in the "Query VNF operation" (either filtered or in-full, depending on the filtering choice in the query request) makes available the list of VNFC instances of a VNF, along their identifiers; the vnfcInstanceId is an attribute in the returned VnfInfo->InstantiatedVnfInfo->VnfcResourceInfo (see clauses 9.4.2, 9.4.3 and 9.4.4 in ETSI GS NFV-IFA 008 [37]). Also, each VnfcResourceInfo indicates the corresponding name/identifier of the VirtualCompute or Mcio-c (i.e., OS container workload) through the computeResource->(ResourceHandle)->resourceId (see clause 9.4.7 of ETSI GS NFV-IFA 008 [37]). With this information, the MF has all the necessary information to map VNFC instances to a VNF instance, and consequently to a ManagedFunction. And, with this information, the MF can request the creation of PM notification subscriptions and PM Jobs in the same manner as indicated above and in steps #1 and #2 of the solution description in clause 6.3.2.A.2, as well as handling the collected measurements information.
6.3.2.A.2	Solution description
The procedure for collecting energy consumption associated to VNF/VNFCs is as follows:
1. The MF subscribes to PM notifications towards the VNFM, so as to receive notifications about the total and mean energy consumption of the known and of interest (referred as "selected") VNF/VNFC instances that constitute the 5GC NF of interest (see ETSI GS NFV-IFA 008 [37] clause 7.4.4) for a given period of time;
2. The MF requests the VNFM to create a PM job to collect the total and/or mean energy consumption of selected VNF/VNFC instances (see ETSI GS NFV-IFA 008 [27] clause 7.4.2);
NOTE:	The following steps 3 to 6 are not in scope of the 3GPP management system and do not imply interactions of the 3GPP management system with an external management and orchestration system. These steps are only described for illustrative purposes to provide additional information about the scope of EC measurements and their relation to VNF/VNFC based on virtual compute resources and OS containers, and to keep aligned, from an end-to-end perspective, the present solution description with the solution specified in clause 6.3.2.2.1.
3. The VNFM subscribes to PM notifications towards the VIM, in case of virtual compute resource based VNFC instance, and/or towards the CISM, in case of OS container based VNFC instance, so as to receive notifications about the energy consumption of virtual compute on which VNFC instances run (see ETSI GS NFV-IFA 006 [29] clause 7.7.5) and energy consumption of OS container workload of the VNFC instance (see ETSI GS NFV-IFA 040 [ref-ifa040] clause 6.8), respectively;
4. The VNFM requests the VIM, in case of virtual compute resource-based VNFC instance, and/or the CISM, in case of OS container based VNFC instance, to create a PM job to collect the energy consumption of virtual compute instances on which the VNFC instance runs (see ETSI GS NFV-IFA 006 [29] clause 7.7.2) and energy consumption of OS container workload of VNFC instance (see ETSI GS NFV-IFA 040 [ref-ifa040] clause 6.8);
5. The VIM and/or CISM collect and aggregate the energy consumption of the virtual compute resource and OS container workload where the VNFC instance runs, and notify the VNFM about the corresponding measurements;
6. The VNFM maps the received energy consumption measurements of the virtual compute resources and OS container workloads to the respective VNFC instances and generates the measurement of total energy consumption of VNF/VNFC, as specified in clauses 7.2.16 and 7.2.18 of ETSI GS NFV-IFA 027 [25], and mean energy consumption of VNF/VNFC, as specified in clauses 7.2.17 and 7.2.19 of ETSI GS NFV-IFA 027 [25];
7. The VNFM notifies the MF in charge of the 5GC NF EC, about the total/mean energy consumption of the selected VNF/VNFC instance(s) which constitute the NF (see ETSI GS NFV-IFA 008 [28] clause 7.4.5). In the case of VNFC instance measurement, the measurements are named on a per vComputeId, which is equal to the identifier of the VirtualCompute in the case of VM-based VNFC and Mcio-c (OS container workload) in the case of container-based VNFC (see explanation in last bullet item in clause 6.3.2.A.1). Furthermore, the measurement entries in the performance report contain the following identifiers: objectInstanceId used to carry the vnfInstanceId, and subObjectInstanceId, used to carry the vnfcInstanceId (see clause 6.2.3 of ETSI GS NFV-IFA 027 [25]);
8. The MF can then map and generate the NF energy consumption based on the sourced total/mean energy consumption of the VNF/VNFC instance(s) which constitute the NF. In the case of VNF instance measurement, the MF maps the received measurement using the vnfInstanceId, and in the case of VNFC instance, maps using the vnfcInstanceId by using the information retrieved about VnfcResourceInfo (see explanation in last bullet item in clause 6.3.2.A.1).
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