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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

Editor's note:
This clause will describe the work scope of this TR.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
ETSI ES 202 706: "Environmental Engineering (EE); Measurement method for power consumption and energy efficiency of wireless access network equipment".

[3]
ETSI ES 203 228 V1.1.4: "Environmental Engineering (EE); Assessment of mobile network energy efficiency".

[4]
ETSI ES 201 554: "Measurement method for Energy efficiency of Mobile Core network and Radio Access Control equipment".

3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

CoE
Classification of Energy Efficiency

EE
Energy Efficiency

KPI
Key Performance Indicator

QoE
Quality of Experience

QoS
Quality of Service

4
3GPP System Energy Efficiency Requirements and Principles
4.1
High Level Requirements
Editor's note:
This clause will document high-level architectural requirements that guide the architecture study.
-
System-wide Energy Efficiency Key Performance Indicator (EE KPI) for both LTE/EPC Evolution and Next Generation Mobile System/5G shall be defined with references to the standard specifications in other SDO's such as ETSI.

-
Energy Efficiency shall be considered in architecture and functions, in 3GPP standards including LTE/EPC evolution and Next Generation Mobile Systems/5G.

-
3GPP standards should support energy saving control to maximize energy efficiency under different network loads varying from zero to fully loaded network conditions.

-
3GPP Standards shall aim to ensure that enhancements of standard functions to increase the system capacity and coverage improve energy efficiency.

-
Energy efficiency control and the associated management (statistics collection, monitoring, and report etc) should not adversely affect the system capacity and performance as well as the QoE/QoS.

-
In order to provide a holistic view of energy efficiency, this study may consider aspects such as extending the operation conditions, e.g. larger ranges of temperature and humidity in equipment rooms (i.e. the operation conditions in which performance and equipment life duration are not affected) to reduce power consumption due to air conditioning.

4.2
Architectural Requirements

Editor's note:
This clause will document the identified architecture requirements during the study.
-
The architecture definition and evolution should consider supporting energy saving capabilities.

-
energy saving at three levels: network, site and equipment should be enabled.

-
System-wide energy saving standards should consider the coexistence of multi-radio access technologies 2G/3G/4G and NextGen New Radio as well as non-3GPP accesses to improve energy efficiency.

-
Resource sharing and network collaborations shall be allowed and necessary enhancements be made to improve energy efficiency.

-
Energy saving operations in different network nodes/sub-systems (e.g. base stations, backhaul networks, core network, backbone as well as UE's) shall be enabled in a coordinated manner.

4.3
Functional Requirements

Editor's note:
This clause will document the identified functional requirements during the study.

-
Energy efficiency control and the associated management (statistics collection, monitoring, and report etc) should not adversely affect the system capacity and performance as well as the QoE/QoS.

-
The energy efficiency control may be localized to a specific network entity and limited to a set of functions to achieve an energy saving target.

-
Balance between distributed and centralized energy efficiency control operations should be made to avoid extra network complexity and signalling.

-
Energy efficiency control activation/deactivation should be performed under the control of operators' policy such as the QoE/QoS, network capacity and coverage, the targeted energy saving KPI, the deployment scenarios (dense urban, urban, hotspot, indoor, rural areas), network load, traffic density, types of services.

-
The extra complexity and signalling to enable energy efficiency control shall be minimized.

4.4
The Energy Efficiency Control Principles

Editor's note:
This clause will document the identified control principles to improve energy efficiency.

-
Leverage, when possible or applicable (e.g. for UEs in networks supporting Dual connectivity) the separation of control plane and user plane traffic (e.g. carried over separate bearers or even network elements/entities) to enhance energy efficiency by enabling separate handling of signalling traffic from data traffic e.g. signalling traffic on long-range low-bandwidth transmission on macro cells while user data on short distance and high-throughput transmission such as small cells.

-
Consider applying separate energy efficiency improvement mechanisms in consideration of the different traffic profiles, patterns , network/link load and deployment scenarios (dense urban/urban/hotspot/indoor/rural).
-
Leverage simplification of control functions such as access control, session, mobility/handover, location management etc to reduce signalling traffic to improve energy efficiency.

-
Consider "On-demand" power saving y by enabling energy saving operations such as switch off or enabling "energy saving mode" (e.g. sleep mode) of those "redundant" network nodes with no or low data traffic load.

-
Dynamic Management of "Energy" Resource:
-
Classification of Energy Efficiency (CoE) levels and association of CoE with services types of traffic (common channel signalling, data session management signalling, user data etc), network functions/components and deployment scenarios.

-
On-demand allocation of "energy" depending on the network status (deployment scenarios network capacity and load conditions , data vs. signalling traffic, and the energy consumption status) and the user status (traffic/connection density, services/applications.

-
Operators Policies Control based on CoE: allocate network resources based on QoS and CoE, e.g. macro cell for less stringent CoE traffic such as common control signalling traffic (broadcast channels, synchronization signals) and small cells for session management signalling traffic and data traffic.

-
Synchronize and coordinate the energy saving operations in different network nodes/sub-systems (e.g. base stations, backhaul networks, core network, backbone).

5
Key Issues

5.1
Energy Efficiency KPI Definitions

5.1.1
Description

Editor's note:
This clause will describe the energy efficiency KPIs.

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.

The goal of these KPIs is to measure network wide energy consumption and derive the related energy efficiency and as such describe how to synthesize system wide values based on nodal, functional, or subsystem energy consumption measurements. The derivations of these specific parameters, e.g. Vl, ECl, coverage area as shown in the definitions of the energy efficiency KPIs below are not part of this study but expected to be addressed elsewhere within 3GPP or other organizations.

NOTE:
The use of EE KPI for benchmarking is out of the scope of the study.

5.1.2
Definitions

Editor's note:
This clause will provide the definitions of energy efficiency KPIs.

The energy efficiency per each deployment scenario i with a load level of l is defined as:
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Where:

EEscenario is calculated per deployment scenario: the sum of traffic load points over the Energy Consumption weighted by ai 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.

Editor's note:
The detailed descriptions of scenarios are FFS.

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: the weight for load level l; For example, For RAN Equipment Energy Efficiency testing (ETSI ES 202 706 [2]) three load levels can be taken into account: 10%, 30% and 50% (ETSI ES 202 706 [2]), the weight can be calculated, based on a daily traffic model, as:

-
= 6/24 for 10% Load,

-
= 10/24 for 30% Load ,

-
= 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:

EEglobal is calculated as the sum of the EEscenario per each deployment scenario multiplied by the corresponding weight, bi, for each deployment scenario.

bi
is determined by summing the "rural/suburban" weights for the coverage-limited scenario and the "urban/dense urban" weights for the capacity-limited scenario.

Editor's note:
The calculation of is FFS.

To complement the definition 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 (ETSI ES 202 706 [2]):
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coverage area (in m² (ETSI ES 203 228 [3]) or Sq.km (ETSI ES 202 706 [2])) is the size of the area covered by the network in deployment scenario i.

ECi (in Watt ETSI ES 202 706  [2] or J/Y ETSI ES 203 228  [3]) 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 versus rural area.

Editor note:
The calculation of Ci is FFS.

Editor note:
The intended usage of ETSI EE standards such as Laboratory testing of different types of base station equipment (ETSI ES 202 706 [2]) and Assessment of field Radio Access Network (RAN) (ETSI ES 203 228 [3]), Measurement method for Energy efficiency of Mobile Core network and Radio Access Control equipment (ETSI ES 201 554 [4]) is FFS.

5.1.3
Deployment Scenarios

Editor's note:
This clause will describe the deployment scenarios to be considered in measuring energy efficiency KPI.

5.1.4
Network Loads

Editor's note:
This clause will describe the network loads conditions to be considered in measuring energy efficiency KPI.

5.x
Key Issue X - Title

5.x.1
Description

Editor's note:
This clause will describe the key issue X

6
Potential Solutions for Energy Efficiency Improvement
Editor's note:
This clause describes the solutions in designing the architecture and functions to improve energy efficiency.
6.1
Potential Solution 1- Energy Efficiency in SON
Editor's note:
It should be indicate here to which issue(s) the solution applies.

6.1.1
General

To improve 3GPP system-wide energy efficiency further, SON functionality can be used to leverage the reduction of energy consumption and the improvement of energy efficiency of mobile networks. By collecting energy consumption metrics (see clause 5.1 of ETSI ES 203 228 [3]) and performance metrics (see clause 5.2 of ETSI ES 203 228 [3]) of mobile networks, SON functionality can do big data analysis and improve the energy efficiency of mobile networks by activities like planning, configuration, optimization and healing.

The granularity of energy efficiency in SON includes three levels, which are network level, site level and equipment level.

6.1.2
Architecture description

Editor's note:
This clause will contain e.g., terminology, overview, architecture description of the solution.

6.1.3
Functional description

Editor's note:
This clause will contain function descriptions and the interactions among the network functions.

6.1.4
Solution evaluation

Editor's note:
This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.

6.2
Potential Solution 2 - Extended range for normal operating conditions for radio base stations

One of the major voices in the energy bill for operators is the one related to conditioning systems of the equipment rooms and data centres. This is normally set by Operational Requirements but also by laws applicable to Environmental conditions for manned rooms.

Any solution which allows reducing the conditioning of the rooms in compliance to labour regulations will consequently improve the overall network energy efficiency.

Increase of the range of air temperature and humidity for the normal operating conditions for weather protected network equipments (e.g. Base Station, Core Network nodes) would bring savings in power consumption. New extended range for normal operating conditions should be defined in order to minimize (and ideally to avoid) room conditioning by ensuring at the same time:

-
no impact to specified minimum requirements and no degradation in e.g. radio performance;

-
no degradation in mean time between failures / equipment life duration;

-
no increase of total cost of ownership with respect to the same equipment operating in conditioned rooms.

6.2.2
Architecture description

Editor's note:
This clause will contain e.g., terminology, overview, architecture description of the solution.

There is no impact on architecture.

7
Conclusions

Editor's note:
This clause covers the list of conclusions.
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