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1
Decision/action requested

The group is asked to discuss and endorse on the proposal.
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3
Rationale
3.1


Background
TS 28.554 [2] – clause 6.7 (Energy Efficiency (EE) KPI) contains so far one single KPI definition: NG-RAN data Energy Efficiency (EE) (cf. clause 6.7.1). A corresponding EE KPI is missing for 5GC. 

3.2


Discussion on 5GC Energy Efficiency KPI
The power consumption in 5GC is complicated
. Taking the NWDAF in 5GC as an example, the services provided by NWDAF includes data collection and analysing. For data collection, there may be network data transferred to and delivered from NWDAF; for data analysing, a large amount of calculation tasks are expected. Both data collection and analysis have impact on its power consumption. The EE KPI for 5GC should be universal and be able to apply to all cases.
Network Functions Virtualisation (NFV) changes the traditional telecom network architecture to layered model by replacing physical equipment with network functions running on standard server platform. Since the 5GC can be fully virtualized, a 5GC NF can be composed of VNF(s) and the energy efficiency metrics for NFV components such as the ones defined in ETSI ES 203 539 [3] can be introduced as the candidate for the EE KPI(s) for 5GC
.
Three components are identified the in high-level NFV architecture: Virtualised Network Functions (VNFs), NFV Infrastructure (NFVI) and NFV Management and Orchestration (MANO).

VNF is the software implementation of a network function, it is composed of VNFC(s). VNFC is deployed on Virtualization Container(s) which is capable of running over the NFVI. NFVI include diversity of physical resources and virtualised resources to support the execution of the VNFs. The VNFs and NFVI are the dominant parts from energy consumption point of view [3]. 

The energy efficiency of VNF is evaluated according to hardware energy consumption, resource consumption and utilization related with VNF
. The energy efficiency of NFVI is evaluated as resource provision capability which is expressed as service capacity of reference VNFs running on it with amount of energy consumption. Since the 5GC NF is composed of 1 to many VNFs, for the purpose of discussion on the EE KPI for 5GC, we can focus on the energy efficiency of VNF.  
Proposal 1: The energy efficiency of VNF may be evaluated according to hardware energy consumption, resource consumption and utilization related with VNF 
and this may be considered for 5GC EE KPI definition.

Since a VNF is a software application, its energy consumption cannot be directly and hardware-independently measured with respect to the NFVI impact. Hardware has an idle power consumption regardless of the system activity and a dynamic power consumption caused by the software interactions with hardware components. Software can trigger hardware resources (e.g. CPU, memory, storage, network resources) to switch among different power states to influence the hardware resource utilization and energy consumption [3]. 

There are two methods defined in [3] for energy consumption measurement of VNF indirectly, and consequently two definitions for the VNF energy efficiency metric are provided, namely the the Energy Efficiency Ratio of VNF and the Resource Efficiency Ratio of VNF: 

Energy Efficiency Ratio of VNF

1) measuring the energy consumption of NFVI which only deploy VNF under test, and the VNF Energy Efficiency Ratio is defined as:
--- Start of quote from ETSI ES 203539 Section 4.2.1 ---
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Ui is the useful output of VNF under service capacity level i. Depending on the different type of VNFs, it may be

throughput (e.g. bps, pps) for data plane VNF, or capacity (e.g. subscribers, sessions) for control plan VNF.
Pi is power consumption of NFVI platform introduced by VNF deployed under service capacity level i.
VNF_EERi is energy efficiency of VNF under service capacity level i.
VNF_EER is weighted energy efficiency of all service capacity levels.
N is the total number of service capacity levels, and wi is the weight coefficient of level i.

--- End quote ---
Resource Efficiency Ratio of VNF
2) measuring the resource consumption of VNF under test which solely running on NFVI platform, and the Resource Efficiency Ratio is defined as 
3) --- Start of quote from ETSI ES 203539 Section 4.2.2 ---
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where:
Ui is the useful output of VNF under service capacity level i. Depending on the different type of VNFs, it may be

throughput (e.g. bps, pps) for data plane VNF, or capacity (e.g. subscribers, sessions) for control plan VNF.
VNF_RER is resource efficiency of VNF under service capacity level i.

VNF_RER is weighted resource efficiency of all service capacity levels.
N is the total number of service capacity levels, and wi is the weight coefficient of level i.
Resource consumption of one or more Virtualization Container (VC) (typically a Virtual Machine, VM) allocated to VNF SUT under service capacity level i as following:
Rcpu is CPU resource consumption, defined as used CPU capacity of the underlying VCs related to VNF.

Rmemory is memory resource consumption, defined as total memory used of the underlying VCs related to VNF.
Rstorage is storage resource consumption, defined as total storage used of the underlying VCs related to VNF.
Rnetwork is network resource consumption, defined as the sum of average network throughput of bytes transmitted and

received per second.

--- End quote ---

Both metrics defined above require that the VNF under test is solely deployed on NFVI.  In other words, if the 5GC NF is composed of only one VNF and this VNF is the only VNF deployed on the NFVI, both metrics define in [3] can be applied directly. 

Observation 1: In case that the 5GC NF is composed of only one VNF and this VNF is the only VNF deployed on the NFVI, the VNF energy efficiency ratio and the VNF resource efficiency ratio define in [3] can be applied as energy efficiency metric for the 5GC NF.
In practical, it is possible that multiple VNFs are deployed or running on the same NFVI platform, i.e. multiple VNFs contribute to the total power consumption of the NFVI. In that case, it is difficult to get energy efficiency ratio of each VNF based on the power consumption of the entire NFVI platform. But at the same time, since the resource consumption used in resource efficiency ratio metric is defined with respect to the VC(VM) and the Virtual Networks related to VNF only, the resource efficiency can still be measured or evaluated for each VNF in this practical case.

Observation 2: if multiple VNFs are deployed on the NFVI, the resource efficiency ratio can be applied as VNF energy efficiency metric.
Since the 5GC NF is composed of 1 to many VNFs, with the observations above, we have the following proposal:
Proposal 2: Based on the resource consumption of VNF, the resource efficiency ratio of VNF may be used in the energy efficiency metric for 5GC NF.
And intuitively, as the 5GC is composed of different 5GC NFs, as defined in [4], we can have the following proposal:
Proposal 3: The energy efficiency metric for 5GC NF based on resource efficiency ratio of VNF(s) composing the 5GC NF may be used in 5GC EE KPI definition.

3.3


Conclusions 

With discussion and the observations above, we have the following proposals:
Proposal 1: The energy efficiency of VNF may be evaluated according to hardware energy consumption, resource consumption and utilization related with VNF 
and this may be considered for 5GC EE KPI definition.

Proposal 2: Based on the resource consumption of VNF, the resource efficiency ratio of VNF may be used in the energy efficiency metric for 5GC NF.

Proposal 3: The energy efficiency metric for 5GC NF based on resource efficiency ratio of VNF(s) composing the 5GC NF may be used in 5GC EE KPI definition.
4
Detailed proposal

SA5 is asked to endorse the following as a possible way forward in the discussions on 5GC EE KPI in FS_EE5G:

· The energy efficiency of VNF may be evaluated according to hardware energy consumption, resource consumption and utilization
 related with VNF and this may be considered in 5GC EE KPI definition.

· Based on the resource consumption of VNF, the resource efficiency ratio of VNF may be used in the energy efficiency metric for 5GC NF.

· The energy efficiency metric for 5GC NF based on resource efficiency ratio of VNF(s) composing the 5GC NF may be used in 5GC EE KPI definition.
�Strange sentence: ‘the power consumption is complicated’.


�Orange disagrees to that and would object to endorse this discussion paper as it is now. As said during the meeting, ETSI ES 203539 clause 1 (Scope) states: ‘The scope of the document is not to define measurement method in operational NFV environment’. The objective is 3GPP is to define an EE KPI for live 5GC network. Formulas including weights (wi) can’t be applied to live networks.


�Isn’t it more simply the resource utilization made by the VNF?


�Same question as above.


�This is typically what will never happen in a live network deployment.


�same question for larification as above.


�See above.





