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Abstract of the contribution: This contribution propose energy consumption monitoring of NFV as a solution to Section 6.x in TR21.866.
Introduction
This contribution introduces the solution for energy consumption monitoring of NFV in TR21.886 Section 6.x.
Proposal:

****************************************Start of change ******************************************
6.x
Potential Solution x – Energy Consumption Monitoring of NFV
6.x.1
General

A VNF is realized by a set of one or more VNFCs. A VNFC instance is hosted by a virtualization container (e.g. virtual machine). Therefore VNF energy consumption is decided by the energy consumption of related VMs.
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Figure 1 VNF composition

But energy consumption of each VM can’t be directly measured with the measurement methods for server energy consumption. The energy consumption of server can be expressed as, 
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 is fixed energy consumption as idle energy regardless of VMs running or not. 
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 is dynamic energy consumed by VM_i running on it.

The energy consumption of VM (
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) can be monitored by tracking hardware resources used by VM, such as CPU cores, memory, disk, network cards, and other key components, and then convert the resource usage to energy consumption based on power model of each hardware resource.
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Figure 2 The energy consumption of VMs related with resource usage in server
6.x.2
Architecture description

The energy consumption of VM can be modeled and calculated as following approach. To collect information of energy and resource consumption for server and VMs, then correlate the resource consumption to energy of each VM with mathematic power model which parameters are trained with sample data. 
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Figure 3 Architecture of energy consumption monitoring of VMs
6.x.3
Functional description

6.x.3.1
Energy measurement of Server
Energy consumption of physical server can be measured with external power meter or internal power sensors.
6.x.3.2
VM resource collection
The energy consumption of hardware resources used by VM depends on the resource usage of each VM. Different hardware resources have different type of usage information. 
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: CPU utilization of cores of VM_i
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: Last level cache(LLC) misses counter for memory read and write throughput
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: average disk I/O throughput of VM_i
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: average network throughput for network cards of VM_i
6.x.3.3
Energy modeling

The mathematic energy model of server is established with resource usage of VMs as variables. Then the model parameters can be trained using linear regression method.
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6.x.3.4
VM energy calculation
The energy consumption of each VM can be calculated based on the energy model.
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