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Introduction

There are a lot of metrics discussed in the literature (e. g. ‎[1], ‎[2], ‎[3], ‎[4], ‎[5]) concerning the power and energy consumption of network elements used in telecommunication networks. Often they describe measures like the peak power consumption (in Watts) or normalized powers per traffic (in Watts per Gbit/s) ‎[4], ‎[5]. The peak power measure is suitable for power provisioning and dimensioning of power demands of network sites, whereas power normalized to throughputs (bit rates) is appropriate for benchmarking network equipment like switches, routers etc. However, these metrics do not necessarily fit for the purpose of assessing and benchmarking whole telecommunication networks in terms of their power and energy consumption. But it is mandatory to introduce appropriate power and energy efficiency metrics for networks in order to establish energy efficiency as a common design parameter of such telecommunication networks.
In this contribution only the power and energy consumption during the phase of operation of a network and the associated elements will be considered. Firstly general requirements for evaluating and benchmarking the energy consumption of carrier-grade telecommunication networks are discussed. This discussion will give hints for aspects that appropriate power and energy efficiency metrics should cover. After that, proposals on initial metrics for determining the energy consumption of telecommunications networks are given.
Requirements for benchmarking the energy efficiency of telecommunication networks
Telecommunication networks provided by large-scale carriers are consisting of a complex set of systems and network elements in multi-stage architectures resulting in the fact that data flows are transmitted and processed by a number of network elements. In addition, typical telecommunication networks have to fulfil a lot of requirements concerning quality of service: Reliability and stability play a major role in the telecommunications business. Such issues via resilience and protection concepts implicitly contribute to the energy consumption of networks. Furthermore network operators are faced with typical deployment aspects, in particular in the access network, where subscribers are connected following a certain acceptance rate of new services. Therefore during a considerable time from the beginning of the deployment of new network elements they are not fully utilized in terms of used ports. These aforementioned characteristics are examples of network specifics which have to be covered by appropriate power and energy efficiency metrics. Therefore besides the energy consumption view on the network elements a view from the network perspective is necessary.
Energy and power consumption metrics for carrier-grade telecommunication networks should consider the following aspects:

· Average network load and transport volume per unit time 
· Network architecture and topology (e. g. multiple network elements are involved into a traffic flow) 
· An average across multiple access points, for example a sub-network with N ingress/egress points  

· Temporal parallel operation of network segments during migration phases and associated migration concepts
· Resilience and protection concepts

· Degree of utilization of network elements (e. g. in terms of used ports) 

· User behaviour (e. g. on and off times) determining the traffic load from the access network up to transport networks to a certain extent 
· Protocols and software architectures in network nodes (e. g. IP routers)
· Activation and de-activation of network elements and network sections (e. g. due to temporally varying traffic demands)
Initial energy efficiency metrics for telecommunication networks

Energy efficiency metrics for telecommunication networks should take into account on the one hand the used power or energy and on the other hand a measure for the performance of a network which could be the amount of transported data volume. Therefore a rough measure of a network’s energy consumption is the energy consumed by a whole network – or network section – over a given time, e. g. a month or a year. The performance then can be established by the total amount of data transferred in the time observed. But this measure is difficult to introduce as a design parameter for future networks, since the complexity of the network affects the result but is very difficult to assess this way. Furthermore, the considered network may change significantly in its size, architecture or topology within the possibly long time of observation (e. g. a month or a year)
The energy and power consumption of different network segments is driven by different main drivers due to specifics of the access and core network sections:
· Access networks: The access network is mainly characterized by the number of lines connecting individual subscribers. Therefore the port count dominates the power and energy consumption over a wide range of today’s access bit rates (within certain bit rate limits available e. g. via ADSL broadband access). Access networks mainly scale with the number of subscribers connected.
· Core networks: Core networks – e. g. the aggregation and backbone sections of networks – deal with traffic regardless whether it is collected by access networks or coming from other neighbouring – e. g. international – networks. In these network sections with more concentrated traffic the power and energy consumption is driven by the traffic load, i. e. the transported amount of bytes (or bits). Core networks mainly scale with respect to the overall data traffic volume.
This should be reflected by appropriate metrics although this is a rough distinction made between the drivers in access and transport networks. As an example for a more in-depth investigation it is stated, that in access networks the bit rate affects the power and energy consumption, too, and the number of subscribers ​ – at least indirectly via the overall data traffic – affects the power and energy consumption in transport networks. However, for the sake of simplicity and a concise description of the power and energy consumption, the distinction between the different drivers port count and data traffic seems to be reasonable and viable.
Different metrics can be useful for different purposes: The (peak) power is necessary for power provisioning and for dimensioning the power related to particular network sites. The energy consumed by a certain network section is an important metric, if temporal behaviour of network utilization is to be determined.

As a suitable metric for the (peak) power consumption of a network section the power P per transported data traffic (bit rate) r
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         (1)
may be used. This metric considers the peak powers of the network elements and the network traffic, but usage behaviour (e. g. temporal activation and de-activation of network sections, impact of power down modes) can not be assessed. The outcome is a peak power usage per transmitted bit rate.

A metric taking the temporal behaviour into account is given by the energy E per transmitted or processed data volume D and the measure
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          (2)
may be suitable. Now in addition to the (peak) power consumption of the network elements the usage times (user behaviour), the impact of reduced power states (power modes) and  other effects – like the degree of utilization of network elements – can be incorporated (since E = PT with T as the time). The data volume implies the number of users and the generated traffic over a certain observation time. The outcome is a mean energy usage per data volume. In addition, this metric seems to be suitable to measure the energy consumption of storage devices with respect to the amount of data stored or its storage capacity.
Both metrics – (1) and (2) – are of the same physical dimension (energy per bit) and the ratio of (1) and (2) can serve as an indicator for assessing the effectivity of means for increasing the energy efficiency of networks (e. g. power modes, activation and de-activation of links). The higher the ratio, the higher the energy efficiency improvement.
Further detailed metrics are possible. The following examples reflect access network specifics (fixed and mobile) similar to the hint in ‎[1]:
· Power per subscriber: 



Watts/sub
· Power per subscriber and traffic (bit rate): 
Watts/sub/bit/s
· Power per subscriber, traffic and distance: 
Watts/sub/bit/s/m


(fixed network)
· Power per subscriber, traffic and area: 
Watts/sub/bit/s/m2

(mobile network)
Since in particular copper access links and mobile radio links strongly depend on the distance, this parameter could be introduced for an additional normalization of the power or energy.
Proposal

We would like Section 1 to be considered as introductory material for inclusion in Deliverable 3 (Methodology), Section 2 to be considered as a draft methodology, Section 3 to be considered as metrics (Definitions).
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