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Abstract of the contribution: This contribution proposes issues in supporting Energy Efficiency with NFV to TR21.866.
Introduction
NFV bring many benefits for wireless industry, including energy saving gains through higher utilization of hardware resources.  Some studies on NFV support of EE shows substantial potential in energy saving. Therefore, the feasibility and assessment of energy efficiency enabled network visualization can help operators to decide if and where to introduce NFV into their networks and services to aim for reduction of cost and energy footprint as well as many other benefits such as shortened time to market and cost efficient service migration and new service introductions.   Introducing NFV may also introduce extra challenges and pressure for energy efficiency because of flexibility supported by general-purpose hardware, virtualization, decoupling of software and hardware, etc. NFV solution should be designed carefully to achieve maximum energy efficiency.

It is proposed to add to Section 5 in TR21.866 the  key issues to be studied for supporting energy efficiency with NFV 
Proposal:

****************************************Start of change *******************************************
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Definitions, symbols and abbreviations

3.2
Abbreviations
ASIC
Application Specific Integrated Circuit


COTS
Commercial Off The Shelf

MANO
Management and Orchestration

NF
Network Functions

NFV
Network Function Virtualization

PoP
Point of Presence

vEPC
Virtualised Evolved Packet Core

VNF
Virtualized Network Function
VNFC
Virtualized Network Function Component

vRAN
Virtualized Radio Access Network

5
Key Issues

5.X
Energy Efficiency with NFV
5.X.1
Description of NFV Support for EE
NFV [X] decouples network function (NF) from underlying hardware by virtualizing the NFs into Virtualized Network Functions (VNF) instances to run on COTS (Commercial Off The Shelf) industry standard servers and switches. This decoupling of VNF’s from hardware can bring many benefits for wireless industry, including energy saving gains. Specially, the dynamic creation, instantiation, chaining, relocation and live migration of VNF’s enable resources, in particular the usage of hardware resources to scale up or down depending on the traffic demand and network load conditions. As a consequence, less hardware resources may be utilized to support only the necessary VNF instances under low traffic demand or network load without compromising the QoS/QoE and thus reduce power consumptions.  It is also shown by some studies that virtualised network such as core network and RAN can lead to some significant EE improvement whereas virtualised core network can achieve the higher energy efficiency gains than virtualised RAN and the customer premises networks  due to its higher level traffic concentration and high level of fluctuations of traffic between day and night and weekdays and weekends.  And even under the high traffic load, the energy efficiency gains achieved with a NVF enabled network can be much higher than networks without virtualization.  In addition, coordinated actions and mutual interactions among the different virtualized subsystems and network elements lead further involvement of energy efficiency than their energy efficiency control performed independently. 
On the other hand, NFV may also introduce extra challenges and pressure for energy efficiency because of flexibility supported by general-purpose hardware, virtualization, decoupling of software and hardware, etc. For example, General-purpose hardware can reduce hardware costs comparing with specialized network equipment. But it will be less energy efficient considering the difference in energy consumption between a general purpose CPU and most ASICs which are specially designed and optimised to support an application function or software. In addition, virtualization is cost efficient way to share physical resources through abstraction. However, abstraction will introduce processing overhead with performance and energy loss. The consolidation means VNF have to compete for the same resources, which will potentially influence performance and energy efficiency. It will be hardly to make energy efficient co-design for multi-vendor components in layered architecture. The VNF application provider could have less incentives for resource and energy efficiency.
Figure 5.x.1-1 shows an example of a general logical NFV infrastructure with two types of PoPs. The network functions (access network functions, core network functions) are virtualized and deployed as Virtualised Network Functions (VNFs). Each VNF can consist of one or multiple Virtualised Network Function Components (VNFCs).  
Each VNFC can then be placed in a virtualization container such as a virtual machine which can be scheduled to be run on the designated host.

The NFV Management and Orchestration is responsible for managing the creation and instantiation of VNF’s and VNF instances and mapping of each VNFC instance to its container.
“Energy Efficiency of NFV” to enable the support of energy efficiency in NFV infrastructure and “Energy Efficiency by NFV” to improve and maximize energy efficiency by means of NFV should be considered. 
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Figure 5.x.1-1 The Logical NFV Infrastructure
The key issues need to be considered for “Energy Efficiency of NFV”.
· Maximize energy efficiency of each component in NFV architecture, including VNF and NFV infrastructure (hypervisor, hardware, virtual switches, etc.). The energy efficiency metrics and measurement method should be defined to evaluate and provide guidance on energy efficiency improvement. Currently this work is ongoing in ETSI EE and ITU-T SG5. 
· Implement energy efficiency monitoring and visualizing for VNF applications besides physical machines to accurate power metering for them, and motivate developers to optimize applications for better energy efficiency. The contribution of VNF application software to energy consumption of system is not directly observable, especially the hardware resources are virtualized and shared by different applications. ETSI ES 202 336-12[21] specifies the power, energy and environmental parameters monitoring interface of ICT equipment, but it is only focus on physical machines listed in table 1 of ETSI ES 202 336-12[21]. The energy efficiency of VNF applications can be modeled based on energy monitoring and resource utilization accounting.
· Cross-layer energy management supported by MANO including application-aware energy efficient resource allocation and consolidation, energy-aware VNF placement, chaining and scheduling. Energy optimization of NFV mainly focuses on consolidation of VNFs and VMs, resource scaling as needed. But VNF performance is  impacted by resource multiplexing and virtualization overhead. It will be more complex considering heterogeneous hardware and acceleration mechanism in actual deployment. So the information model and interfaces of VNFs and VMs/PMs resources should be defined to support energy efficient management and optimization.
The key issue considered for “Energy Efficiency by NFV” enabled by the EE control framework as defined in Section 5.1 and 6.3.
· Architecture and functions defintion to enable the separation of logical network (user & control planes) functions & application functions from  shared resources (compute, storage, network)
· On-demand creation, instantiations and selection of VNFs according to the EE policies and traffic/network load conditions

· On-demand consolidation, sharing and live migration of VFN’s and other resources such as the VMs driven by EE policies and system capacity, performance and QoS/QoE requirements with traffic engineering and steering
· The coordinated EE control among virtualised network subsystems or network elements such as virtualised core network, virtualised access networks , virtualised transmission networks such as the  backhaul/backbone networks with traffic engineering and steering.
· Assess the impact of EE support of NFV, e.g. by defining and deploying an EE driven VNF model in a 3GPP network, aapplication-aware energy efficient resource allocation and consolidation, energy-aware VNF placement, chaining and scheduling, energy monitoring and resource utilization accounting,  network architecture and functionality and complexity and other KPI’s such as network performance, QoS/QoE.
5.X.2
EE Requirements for NFV 

The energy efficiency  requirements specific on the NFV framework are defined in [Z] on the VNF components to be placed in power saving mode in consideration workload consolidation,  on-demand control and optimization of power consumption, the model to define the timeframe to compute the required time for the resources in power saving modes to return to operating mode.
In addition, for a 3GPP network adopting the NVF framework for virtualised functions, the following energy efficiency requirements shall be considered according to the requirements definitions in Section 4.
· The EE control framework with EE control policies shall be supported in enabling the network virtualisation.

· The EE control in a virtualised network should allow for coordinated power control operations in the virtualised access networks, virtualised core networks as well as other virtualised subsystems and network elements such as the backhaul and backbone networks. 

· The global system EE KPI measurements and assessment shall not be dependent on the network virtualisation, i.e. the global system EE KPI should not exceed  the required threshold with or without virtualised network functions.
****************************************End of change*******************************************
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