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Introduction
The purpose of quantitative defintion of  Energy Efficiency Key Performance Indicator (EE KPI) is to enable the statistics collection  such data throughput, network  load and  user data traffic on/off  status and the measurement  and calculation of the energy or power consumed by the total amount of data transmitted over a designated period of time.  The definition of EE KPI should be unambiguous, measurable and reflect the key performance  aspects such as capacity, coverage, deployment scenarios (dense urban, urban, hotspot,  indoor, suburban, rural) as well as Quality of Experience/Quality of Service  to the end users. 
The system-wide EE KPI definition aims to provide quantitative measurement of the energy efficiency  to include the energy efficiency measurements per each segment or node of the network including the access networks, the core network and the backhaul/backbone transmission networks/links etc. The defintion is at a high level which need to be adapted to specific considerations per each segment or node of a network. e.g. transmission power management in RAN/base stations which is outside the scope of the SA study.
The proposed defintion are based on the descriptions in ETSI EE [1][2].
Proposal:
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5.1
Energy Efficiency KPI Definitions
5.1.1
Descriptions 

The energy efficiency KPIs definition applies to packet switched network only.  It includes the measurements of both Energy Consumption (EC) and Energy Efficiency. EE and EC are measured at RAN and system wide level including during a predefined time intervals such daily, weekly, monthly and yearly. Energy Efficiency should be evaluated at least  in coverage limited environments (Rural) and capacity limited environments (Dense Urban/Urban/Hot Spot/Hot Zone) and both coverage  and capacity limited environments such as indoor.
Note: the use of EE KPI for benchmarking is out of the scope of the study.
5.1.2
Definitions
The energy efficiency per each deployment scenario i with a load level of l is defined as
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Where 
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 is calculated per deployment scenario: the sum of traffic load points over the Energy Consumption weighted by [image: image3.png]


 in consideration of the traffic load per each scenario. The traffic load measurement points with their corresponding weight for each traffic load point depend on the location of the system-wide EE control and measurement and network configurations,.

As an example, the traffic load measurement can be performed over the reference point between the based station and the core network such as S1 per those areas covered by each of MME and the corresponding SGW(s)  in LTE/EPC and SGi between the  core network and the external public data network for the total amount of traffic load supported by the E.

Vl (in Mbps): the aggregated throughput served in the simulated or measured area for traffic level l, or equivalently served traffic volume divided by the simulation or measurement period. E.g. per each targeted area or deployment scenario at a load level l = x%, Vl  is calculated as the peak target traffic throughput multiplied by x%. For example, the Vl  with load level of 10% is calculated to be total network or node capacity multiplied by 0.1
ECl (in Watt): sum of the average power consumption of all nodes in the simulated or the measurement area under the load level l
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: the weight for load level l; For example, For RAN Equipment Energy Efficiency testing [1] three load levels can be taken into account: 10%, 30% and 50% [1],  [image: image5.png]


 the weight can be calculated, based on a daily traffic model, as:
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= 6/24 for 10% Load, 
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= 10/24 for 30% Load ,
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= 8/24 for 50% Load
The total energy efficiency for the whole system including all the targeted scenarios is defined as
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Where
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 is calculated as the sum of the [image: image12.png]EE conario



 per each deployment scenario multiplied by the corresponding weight, [image: image14.png]


, for each deployment scenario.
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 is determined  by summing the “rural/suburban” weights for the coverage-limited scenario and the “urban/dense urban” weights for the capacity-limited scenario. The calculation of [image: image18.png]


 is FFS.
To complement the defintion and measurement EE KPI per specific throughput during the measurement interval, it is also useful to consider the size of the area covered by a network and the corresponding energy efficiency [2]
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coverage area (in m²[2] or Sq.km [1]) is the size of the area covered by the network in deployment scenario i . 
ECi  (in Watt[1] or J/Y[2]) is sum of the average power consumption of all nodes in the simulated or the measurement area under the scenario i.

Ci is the weight to be applied to each of the measured energy efficiency per each of the network deployment scenario by taking into account of the size of coverage per the deployment scenario, and the relevance of the deployment scenario to  the total power consumption of a network, e.g. the percentage of total power consumptions in dense urban vs rural area. The calculation of Ci is FFS.
Note: the intended usage of ETSI EE standards such as Laboratory testing of different types of base station equipment [1] and Assessment of field Radio Access Network (RAN)[2] is FFS.
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