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Foreword

This document has been produced by the ETSI MCC.

The coloured highlight of the Unique IDentifier (UID) reflects the status of the work items: ongoing or completed. 
Stopped Features and Studies are listed at the end of the present document.

Legend:

Completed WI
Ongoing WI
Moved WI to/from another Release
Stopped WI
Introduction

1
Scope

The main focus of the present document is on the 3GPP "Green activities" / Energy Saving work items.

2
3GPP Release 10 Studies on Energy Saving
	UID
	Name
	Resource
	Hyperlink

	430044
	Study on Telecommunication Management; Energy Savings Management
	S5
	SP-090048

	460016
	Study on Solutions for energy saving within UTRA Node B
	R1,R3
	RP-091439

	470015
	Study on Network Energy Saving for E-UTRAN
	R3,R2
	RP-100674


2.1
Study on Telecommunication Management; Energy Savings Management  (SA5) UID_430044
Resources:
S5

	UID
	Name
	Hyperlink
	Notes
	TR

	430044
	Study on Telecommunication Management; Energy Savings Management
	SP-090048
	SP#47 completed. Study result might impact Feature UID_420011 Self Organising Networks (SON)
	32.826


Supporting Companies:
Alcatel-Lucent, China Mobile, Huawei, Orange, Telefonica, T-Mobile, Vodafone.

Sustainable development is a long-term commitment in which all of us should take part. As part of sustainable development, our fight against global warming should be without respite. Our activities have a limited impact on environment: in 2007, the total footprint of the ICT sector was about 2% of the estimated total emissions from human activity and telecoms are only a part of ICT which represents no more than 25% of these 2%.

Nevertheless, most mobile network operators aim at reducing their greenhouse emissions, by several means such as limiting their networks' energy consumption.

In new generation Radio Access Networks such as LTE, Energy Savings Management function takes place especially when mobile network operators want e.g. to reduce Tx power, switch off/on cell, etc. based on measurements made in the network having shown that there is no need to maintain active the full set of NE capabilities.

By initiating this Work Item about Energy Savings Management, we hope to contribute to the protection of our environment and the environment of future generations.

The objective of this technical work is to study automated energy savings management features. Usage of existing IRPs is expected as much as possible, e.g. Configuration Management IRP, etc. However, this technical work may identify the need for defining a new IRP.

The following operations had been considered:

· Retrieval of energy consumption measurements 

· Retrieval of traffic load measurements

· Adjust Network Resources capabilities 

SA5 is willing to work in cooperation with RAN WGs that define e.g. eNodeB energy savings control mechanisms.
2.2
Study on Solutions for energy saving within UTRA Node B  (RAN1/3) UID_460016
Resources:
R1,R3

	UID
	Name
	Hyperlink
	Status_Report
	Notes
	TR

	460016
	Study on Solutions for Energy Saving within UTRA Node B
	RP-091439
	RP-100796
	RP#49 completed. Based on ETSI EE TS 102 706.
	UTRA 25.927


Supporting Companies:
Vodafone, Nokia Siemens Networks, Nokia, Orange, Telecom Italia, eMobile, ZTE, Telefónica, Qualcomm.

Based on ETSI EE TS 102 706 and linked to SA5 Rel-9 UID_430044 TR 32.826 (Study on Telecommunication Management; Energy Savings Management)
Due to the need to reduce energy consumption within operators’ networks, and considering the large amount of UMTS network equipment deployed in the field around the world, the standardisation of methods to save energy in UMTS Node Bs is seen as an important area of study for 3GPP.

There has not been a large amount of focus on energy-saving in UMTS networks so far in 3GPP, although some solutions have been agreed in Release 9. Therefore it is proposed to start an initial study phase to identify solutions and perform any initial evaluation, such that a subset of these proposals can be used as the basis for further investigation of their feasibility. 

4
Objective

The objective is to do an initial study to identify potential solutions to enable energy saving within UMTS Node-Bs, and do light initial evaluation of the proposed solutions, with the aim that a subset of them can be taken forward for further investigation as part of a more focused study in 3GPP. 

The solutions identified in this study item should consider the following aspects:

· Impacts on the time for legacy and new UEs to gain access to service from the Node B

· Impacts on legacy and new terminals (e.g. power consumption, mobility)

Some initial indication of these aspects in relation to the proposed solutions should be provided.

Solutions that are backwards-compatible or non-backwards compatible towards legacy UEs are within the scope of this initial study. 
2.3
Study on Potential solutions for energy saving for E-UTRAN  (RAN3/2) UID_470015
Resources:
R3,R2

	UID
	Name
	Hyperlink
	Status_Report
	Notes
	TR

	470015
	Study on Potential solutions for energy saving for E-UTRAN
	RP-100674
	RP-110597
	RP#52 completed
	LTE 36.927


Supporting Companies:
China Mobile, Huawei, ZTE, Samsung, CATT, Telecom Italia, NTT DoCoMo, Nokia Siemens Networks, Orange, NEC, Deutsche Telekom, Ericsson, KDDI, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell.

Justification 

The power efficiency in the infrastructure and terminal should be an essential part of the cost-related requirements in LTE-A. There is a strong need to investigate possible network energy saving mechanisms to reduce CO2 emission and OPEX of operators.

Although some solutions have been proposed and part of them have been agreed in Release-9, there has not been a large amount of attention on energy saving for E-UTRAN so far. Many potential solutions are not fully shown and discussed yet. Therefore, it is proposed to start an initial study phase to identify solutions, evaluate their gains and impacts on specifications.

The following use cases will be considered in this study item:

· Intra-eNB energy saving

· Inter-eNB energy saving

· Inter-RAT energy saving

Intra-eNB energy saving, in EUTRAN network, a single cell can operate in energy saving mode when the resource utilization is sufficiently low. In this case, the reduction of energy consumption will be mainly based on traffic monitoring with regard to QoS and coverage assurance.

A lot of work on Inter-eNB energy saving has already been done for both LTE and UTRA in Rel-9. This Study Item will investigate additional aspects (if any) on top of what was already agreed for Rel-9.

Inter-RAT energy saving, in this use case, legacy networks, i.e. GERAN and UTRAN, provide radio coverage together with E-UTRAN. For example E-UTRAN Cell A is totally covered by UTRAN Cell B. Cell B is deployed to provide basic coverage of the voice or medium/low-speed data services in the area, while Cell A enhances the capability of the area to support high-speed data services. Then the energy saving procedure can be enabled based on the interaction of E-UTRAN and UTRAN system. 

Note that energy saving for HeNB is out of the scope of this study item.
Objective;
to identify potential solutions for energy saving in E-UTRAN and perform initial evaluation of the proposed solutions, so that a subset of them can be used as the basis for further investigation and standardization

Energy saving solutions identified in this study item should be justified by valid scenario(s), and based on cell/network load situation. Impacts on legacy and new terminals when introducing an energy saving solution should be carefully considered. The scope of the study item shall be as follows: 
· User accessibility should be guaranteed when a cell transfers to energy saving mode

· Backward compatibility shall be ensured and the ability to provide energy saving for Rel-10 network deployment that serves a number of legacy UEs should be considered

· Solutions shall not impact the Uu physical layer

· The solutions should not impact negatively the UE power consumption

RAN2 will focus on the Intra-eNB energy saving, while RAN3 will work on Inter-RAT energy saving and potential additional Inter-eNB energy saving technology.
3
3GPP Release 10 Features on Energy Saving

	UID
	Name
	Resource
	Hyperlink

	460031
	OAM&P 10
	S5
	-

	460034
	
Self-Organizing Networks (SON) - OAM aspects
	S5
	-

	470037
	

OAM aspects of Energy Saving in Radio Networks
	S5
	SP-100226


3.1
OAM aspects of Energy Saving in Radio Networks  (SA5) UID_470037
Resources:
S5

	UID
	Name
	Resource
	Hyperlink

	460031
	OAM&P 10
	S5
	-

	460034
	
Self-Organizing Networks (SON) - OAM aspects
	S5
	-

	470037
	

OAM aspects of Energy Saving in Radio Networks
	S5
	SP-100226


	UID
	Name
	Hyperlink
	Notes
	TSs_and_TRs

	470037
	OAM aspects of Energy Saving in Radio Networks
	SP-110128
	SP#51 completed. WID updated SP-100226=>SP-110128.
	32.425, 32.522, 32.526, 32.626, 32.762, 32.766, new 32.551


Supporting Companies:
Vodafone, Nokia Siemens Networks, Huawei, NEC, Alcatel-Lucent, Orange, Motorola, ZTE, Deutsche Telekom, Qualcomm, Telecom Italia, Ericsson
Stage 3 work triggered by Rel-10 TR 32.826 Study on Telecommunication Management; Energy Savings Management (FS_OAM_ESM) UID_430044
Energy efficiency is important both from a cost and an environment perspective. There are strong requirements from operators on the management and monitoring of energy saving functions and the evaluation of its impact on the network and service quality. Therefore an efficient and standardized Management of Energy Saving functionality is needed. 

Coordination with other functionalities like load balancing and optimization functions is also required.
The objectives of this work item are:

· Define Energy Savings Management OAM requirements and solutions for the following use cases, 

· eNodeB Overlaid
· Carrier restricted
· Capacity Limited Network
NOTE:
Some more Energy Saving use cases may be considered during the progress of the work
· Define OAM requirements and solutions for coordination of ESM with other functions like 

· Self-Optimization

· Self Healing

· Traditional configuration management

· Fault Management

· Select existing measurements which can be used for assessing the impact and effect of Energy Saving actions corresponding to above Energy Saving use cases.

· Define new measurements which are required for assessing the impact and effect of Energy Saving actions, including measurements of the energy consumption corresponding to above Energy Saving use cases.

For all the above existing standardized functionalities shall be reused as much as possible.
4
3GPP Release 11 Studies on Energy Saving
	UID
	Name
	Resource
	Hyperlink

	480015
	Study on impacts on UE-Core Network signalling from Energy Saving
	C1
	CP-100330

	490006
	Study on Solutions for GSM/EDGE BTS Energy Saving
	G1,G2
	GP-101638

	500037
	Study on System Enhancements for Energy Efficiency
	S2
	SP-100888

	510045
	Study on OAM aspects of inter-RAT Energy Saving
	S5
	SP-110138


4.1
Study on impacts on UE-Core Network signalling from Energy Saving  (CT1) UID_480015
Resources:
C1

	UID
	Name
	Hyperlink
	Notes
	TR

	480015
	Study on impacts on UE-Core Network signalling from Energy Saving
	CP-100330
	CP#52 completed
	24.826


Supporting Companies:
NEC, Orange, Deutsche Telekom, Infineon, Vodafone
	Related Work Items

	UID
	Title
	Nature of relationship

	430044

(FS_OAM-ESM)
	SA5 Study on Telecommunication Management; Energy Savings Management (ESM)
	Studied energy saving requirements and solutions for several use cases (Completed 03/2010).

	460016

(FS_Energy_UMTS)
	RAN1 Study on Solutions for energy saving within UTRA Node B
	Identifies potential solutions to enable energy saving within UMTS Node-Bs, and does a light initial evaluation of the proposed solutions.

	470015

(FS_Energy_LTE)
	RAN3 Study on Network Energy Saving for E-UTRAN
	Studies Inter-RAT and inter-eNB energy saving mechanisms from RAN perspective (in addition to what was already specified in Rel-9).

	470037

(OAM-ES)
	SA5 OAM aspects of Energy Saving in Radio Networks
	Defines Energy Savings Management OAM requirements and solutions


Energy Saving mechanisms are becoming an integral part of radio networks, and consequently, of mobile networks. Strong requirements from operators (for reasons of cost and environmental image) and indirectly from authorities (to meet international and national targets) have been formulated. With the expected masses of mobile network radio equipment as commodities, in the form of HNB/eNBs, this aspect becomes even more crucial. 

It is necessary to ensure that ES does not lead to service degradation or inefficiencies in the network; in particular:

· the activation status of radio stations (on/off) introduces a new scale of dynamicity for the UE and network;

· mass effects in signalling potentially endanger the network stability and need to be handled properly. 

It is unclear whether and how currently defined procedures are able to cope with, and eventually can be optimized for, ES conditions; thus a systematic study is needed.

Objective 

· to analyze UE idle mode procedures and UE-CN signalling resulting from frequent switch on/off of radio equipment in all 3GPP accesses, including home cell deployment and I-WLAN; 

· to perform a corresponding analysis for connected mode UEs; 

· to analyze similar impacts from activation status of non-3GPP access networks; 

· to document limitations, weaknesses and inefficiencies in these procedures, with emphasis on mass effects in the UE-CN signalling;

· to study potential s and enhancements to these procedures; 

· to evaluate and give recommendations on potential enhancements to 3GPP specifications;

Service Aspects:

address how to avoid service degradation, potentially resulting from ES mechanisms.

4.2
Study on Solutions for GSM/EDGE BTS Energy Saving  (GERAN1/2) UID_490006
Resources:
G1,G2

	UID
	Name
	Acronym
	Finish
	Compl
	Hyperlink
	Notes
	TR

	490006
	Study on Solutions for GSM/EDGE BTS Energy Saving
	FS_Energy_BTS
	02/03/2012
	55%
	GP-101638
	GP#51 completion 09/11=>03/12. GP#47 approved WID
	GERAN 45.926


Supporting Companies:
Vodafone, Alcatel-Lucent, Nokia Siemens Networks, China Mobile, Telecom Italia, Huawei, ZTE, Ericsson
Justification

Due to the need to reduce energy consumption within operators’ networks, and considering the large amount of GSM/EDGE network equipment deployed in the field around the world, the standardisation of methods to save energy in BTS is seen as an important area of study for 3GPP.

There has not been a large amount of focus on energy-saving in GSM/EDGE networks so far in 3GPP, although some solutions have been agreed in previous Releases, notably MCBTS. Therefore it is proposed to start an initial study phase to identify solutions and perform any initial evaluation, such that a subset of these proposals can be used as the basis for further investigation of their feasibility. 

Objective:
to study potential solutions enabling energy saving within the BTS (including MCBTS and MSR) by:

· Reduction of Power on the BCCH carrier (potentially enabling dynamic adjustment of BCCH power) 

· Reduction of power on DL common control channels

· Reduction of power on DL channels in dedicated mode, DTM and packet transfer mode

· Deactivation of cells (e.g. Cell Power Down and Cell DTX like concepts as discussed in RAN)

· Deactivation of other RATs in areas with multi-RAT deployments, for example, where the mobile station could assist the network to suspend/minimise specific in-use RATs at specific times of day

· And any other radio interface impacted power reduction solutions.

The solutions identified in this study item shall also consider the following aspects:

· Impacts on the time for legacy and new mobile stations to gain access to service from the BTS

· Impacts on legacy and new mobile stations to keep the ongoing service (without increasing drop rate) 

· Impacts on legacy and new mobile stations implementation and power consumption, e.g. due to reduction in DL power, cell (re-)selection performance, handover performance, etc.

· Impacts on UL/DL coverage balance, especially to CS voice

Solutions shall be considered for both BTS energy saving non-supporting and supporting mobile stations (i.e. solutions that are non-backwards compatible towards legacy mobile stations shall be out of the scope of this study).

4.3
Study on System Enhancements for Energy Efficiency  (SA2) UID_500037
Resources:
S2

	UID
	Name
	Finish
	Compl
	Hyperlink
	Notes
	TR

	500037
	Study on System Enhancements for Energy Efficiency
	14/12/2011
	15%
	SP-100888
	Linked to SA5, CT, (GE(RAN) studies on Energy saving & SA5 Rel-10 implementation Work Item on Energy Saving Management architectures and management solutions
	23.866


Supporting Companies:
Huawei, China Mobile, Deutsche Telecom, NTT DoCoMo, Telecom Italia , TeliaSonera , Hisilicon, NEC, KPN, Ericsson, ST-Ericsson

	Related Work Item(s) (if any]

	Unique ID
	Title
	Nature of relationship

	430044 (FS_OAM-ESM)
	Study on Telecommunication Management; Energy Savings Management (ESM)
	Studied energy saving requirements and solutions for several use cases (Completed 03/2010).

	460016 (FS_Energy_UMTS)
	Study on Solutions for energy saving within UTRA Node B
	Identifies potential solutions to enable energy saving within UMTS Node-Bs, and does a light initial evaluation of the proposed solutions.

	470015 (FS_Energy_LTE)
	Study on Network Energy Saving for E-UTRAN
	Studies Inter-RAT and inter-eNB energy saving mechanisms from RAN perspective (in addition to what was already specified in Rel-9).

	470037 OAM-ES
	OAM aspects of Energy Saving in Radio Networks
	Defines Energy Savings Management OAM requirements and solutions

	480015 (FS_UE-CN_ES)
	Study on impacts on UE-Core Network signalling from Energy Saving
	Studies potential impact on UE-Core Network procedures from RAN energy saving means, like frequent switch on/off of cells. And looks for ways to mitigate impacts.


Justification

During Rel-8 to Rel-10 the LTE/SAE system has been specified and the functionality of its features has matured. There is certain interest to consider enhancements for the System architecture related to energy efficiency. The interest in such enhancements may increase with the deployment and with the capacity extension of the EPS. Energy saving may also be interesting because of increasing energy costs and fostered by more global efforts on decreasing the CO2 footprint. The mobile industry is also required to contribute to reach international or national targets. 

For some 3GPP areas, in RAN, CT and SA5, activities have already started. RAN study solutions for intra and inter RAT energy saving from RAN perspective. And CT1 study whether and how RAN solutions would impact terminals. SA5 works on a Rel-10 work Item to address the Energy Saving Management architectures and management solutions.

A study about energy saving should also be done from PS and CS core network and from IMS perspective complementing the already ongoing work of the other 3GPP groups. The study should consider from architectural point of view deployment aspects and potential system enhancements that relate to energy efficiency. Specifically functionality supporting pools of CN nodes or functions enabling multiple CN nodes (e.g. S-GWs) to serve the same or overlapping areas may be considered, e.g. to offload nodes enabling switching off nodes.

Objective:
to investigate deployment aspects that relate to energy efficiency, including potential system enhancements that support energy efficient deployments. System enhancements may be anticipated in the area of functions that have major influence on deployment like functions that support pools of CN nodes or functions that enable multiple CN nodes to serve the same or overlapping areas. The initial focus is on PS domain. This study should avoid any overlap with the work by RAN/CT/SA5 by taking into account the work that has been and is going on in these WGs. Proposals have to be well justified to be considered in the study.

Services Aspects:
should not be impacted by results of this work

Charging Aspects:
to be considered when affected by improvement proposals.

Security Aspects:
to be considered when affected by improvement proposals.

4.4
Study on OAM aspects of inter-RAT Energy Saving  (SA5) UID_510045
Resources:
S5

	UID
	Name
	Acronym
	Finish
	Compl
	Hyperlink
	Notes
	TR

	510045
	Study on OAM aspects of inter-RAT Energy Saving
	FS_OAM_ES_iRAT
	14/12/2011
	60%
	SP-110138
	SP#53 TR 32.834v100 for Information.
	32.834


Supporting Companies:
Deutsche Telekom, Nokia Siemens Networks, TeliaSonera, Orange, Motorola, Huawei, Vodafone, Ericsson, Alcatel-Lucent, China Mobile, China Unicom, NEC, ZTE

	Related Work Item(s) (if any]

	UID
	Title
	Nature of relationship

	430044
	Rel-10 Study on Telecommunication Management; Energy Savings Management
	TR 32.826

	470037
	Rel-10 OAM aspects of Energy Saving in Radio Networks
	32.425, 32.762, 32.763, 32.765, 32.767, new 32.551


Triggered by Rel-10 UID_430044 TR 32.826 Study on Telecommunication Management; Energy Savings Management (FS_OAM_ESM) and UID_470037 OAM aspects of Energy Saving in Radio Networks (OAM-ES)

Justification

Sustainable development is a long-term commitment in which all of us should take part. As part of sustainable development, our fight against global warming should be without respite. 

Most mobile network operators aim at reducing their greenhouse emissions, by several means such as limiting their networks' energy consumption. Furthermore, energy costs are rising and form a growing share of the operational expenses of mobile network operators.

SA5 up to now has defined Energy Saving Management functionality for LTE (OAM aspects of Energy Saving in Radio Networks (OAM-ES) UID_470037. Such definitions are not yet present for 3G and 2G mobile networks. But also for these a standardized Energy Saving Management functionality is required. This study will also involve Inter-RAT Energy Saving Management, e.g. when network redundancy is leveraged. 

By initiating this Study and the intended follow-up implementation WI about OAM aspects of Inter-RAT Energy Savings, SA5 hopes to contribute to the protection of our environment and the environment of future generations.

Objective:

· Identify the most important Inter-RAT energy saving scenarios and use cases

· Identify OAM based concept and requirements for these use cases

· Analyse how existing IRPs can be re-used, adapted or extended to fulfil these requirements or if a new IRP is needed.

· Select information that should be used to decide if an energy saving cell shall enter or leave energy saving mode.

New elements in IRPs, adaptations or extensions to IRPs may be considered but not limited to them:

· LTE ES management functionality for Inter-RAT scenarios

· Suitable traffic load measurements (potentially with short granularity periods) 

· Energy consumption measurements 

· “low consumption mode” of network resources

· Adjust Network Resources Models 

· SA5 is willing to cooperate with RAN WGs where needed. 

· The time frame for this study item is intentionally set very short. It is intended to create, based on the results of the study, within the Rel-11 time frame a dedicated work item for OAM aspects of Inter-RAT Energy Saving.

General scenario: There are two RAT layers.

· Use case 1: cells of the different RATs are collocated and have a similar coverage area

· Use case 2: cells of one RATs are not collocated and have a significantly smaller coverage area than the other RAT

Typically cells of the RAT working on higher frequency can be switched off / brought into lower energy consumption mode in low traffic periods, can be switched on again if traffic indicators shows higher traffic than typical in backing cell (potentially also other information can be used to decide if switching cell/s on can really bring benefits to the customer).
4.5
Study on Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation  (RAN1/4) UID_510039
Resources:
R1,R4

	UID
	Name
	Finish
	Compl
	Hyperlink
	Status_Report
	Notes
	TR

	510039
	Study on Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation
	16/03/2012
	2%
	RP-110450
	RP-111063
	Put on hold till RAN#55
	LTE 36.8xy


Supporting Companies:
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CATR, CATT, CHTTL, China Mobile, Ericsson, HiSilicon, HTC, Huawei, Intel, IPWireless, ITRI, LG Electronics, Mediatek, NEC, Nokia Siemens Networks, Panasonic, Potevio, Research In Motion, Renesas, Samsung, ST-Ericsson, Texas Instruments, Vodafone, ZTE

Justification

TDD offers flexible deployments without requiring a pair of spectrum resources. For TDD deployments in general, interference between UL and DL including both basestation-to-basestation and UE-to-UE interference needs to be considered. One example includes layered heterogeneous network deployments, where it may be of interest to consider different uplink-downlink configurations in different cells. Also of interest are deployments involving different carriers deployed by different operators in the same band and employing either the same or different uplink-downlink configurations, where possible interference may include adjacent channel interference as well as co-channel interference such as remote basestation-to-basestation interference. 

Currently, LTE TDD allows for asymmetric UL-DL allocations by providing seven different semi-statically configured uplink-downlink configurations. These allocations can provide between 40% and 90% DL subframes. The semi-static allocation may or may not match the instantaneous traffic situation. The current mechanism for adapting UL-DL allocation is based on the system information change procedure. Additional mechanisms could include e.g. dynamic allocation of subframes to UL or DL. 

Objective:


For the isolated cell scenario, i.e. without co-channel interference:

· RAN1 should evaluate the benefits of uplink-downlink re-configuration dependent upon traffic conditions.

· Identify the proper simulation assumptions, including traffic models.

· Assess the appropriate time scale for uplink-downlink re-configuration.

· Assess the benefits at least in terms of performance and energy saving.

· RAN4 should perform coexistence analysis with multiple operator deployments in adjacent channels.

For the multi-cell scenario, i.e. with co-channel interference:

· RAN1 should evaluate the benefits of uplink-downlink re-configuration dependent upon traffic conditions.

· Identify the proper simulation assumptions, including traffic models.

· Assess the appropriate time scale for uplink-downlink re-configuration.

· Assess the benefits at least in terms of performance and energy saving.

· RAN1 and RAN4 should identify the multi-cell scenarios for which TDD DL-UL interference may arise and additional TDD DL-UL interference mitigation would be beneficial. 

· Deployments comprising the same or different uplink-downlink configurations should be investigated. 

· RAN4 should perform co-existence analysis for the above identified scenarios, including co-channel and adjacent channel interference, where adjacent channel interference may be from other operator(s).

· For all the studies above, deployment scenarios should include regular homogeneous macro deployments and layered heterogeneous deployments.

For both isolated cell scenario and multi-cell scenario:

· If significant benefits are identified by RAN1 evaluations, RAN1 should identify potential air interface solutions, including necessary EUTRAN/UE measurements, to mitigate DL-UL interference, taking into account the RAN4 co-existence analysis.

· Backward compatibility of Rel-8/9/10 terminals should be maintained.

· Specification impact should be identified and assessed.

This study item shall consider the work of other related study/work item(s) in Rel-11.

5
3GPP Release 11 Features on Energy Saving
5.1
Management for Carrier Aggregation for LTE  (SA5) UID_530049
Resources:
S5

	UID
	Name
	Acronym
	Finish
	Compl
	Hyperlink
	Notes
	TS_and_TR

	530049
	Management for Carrier Aggregation for LTE
	OAM-CA
	12/09/2012
	0%
	SP-110636
	Stage 2 in Rel-10 RAN Feature UID_460007 Carrier Aggregation for LTE (LTE_CA). WT under 3 SA5 Rel-11 BBs (NIM, PM, SON)
	32.425, 32.450, 32.451, 32.501, 32.502, 32.506, 32.511, 32.521, 32.522, 32.526, 32.541, 32.551, 32.761, 32.762, 32.766


Supporting Companies:
Nokia Siemens Networks, Ericsson, China Mobile, China Unicom, ZTE, Huawei, Alcatel-Lucent, NEC

	Corresponding stage 2 work item (if any)

	UID
	Title
	TS

	460007
	Carrier Aggregation for LTE (LTE_CA)
	TSG RAN Rel-10 Feature

	460107
	Core part: Carrier Aggregation for LTE (LTE_CA-Core)
	36.101, 36.104, 36.133, 36.211, 36.212, 36.213, 36.300, 36.302, 36.306, 36.321, 36.331, 36.413, 36.423, 37.104

	460207
	Perf. part: Carrier Aggregation for LTE (LTE_CA-Perf)
	36.101, 36.104, 36.133, 36.141, 37.141, new TR (36.807, 36.808)


	Parent Building Block

	Unique ID
	Title
	TS

	510151
	Network Infrastructure Management
	N/A

	510251
	Performance Management
	N/A

	510351
	Self-Organizing Networks (SON) - OAM aspects
	N/A


Justification

Carrier Aggregation (CA) in LTE is a feature supported from Rel-10. In Carrier Aggregation (CA), two or more component carriers (CCs) are aggregated in order to support wider transmission bandwidths (up to 100MHz). 
CCs are LTE Rel-8/9 compatible. Nevertheless, existing mechanisms (e.g. barring) may be used to avoid Rel-8/9 UEs to camp on a CC.

CA is supported for both contiguous and non-contiguous CCs. 
CCs originating from the same eNB need not to provide the same coverage.

When CA is configured, the UE only has one RRC connection with the network. 
At RRC connection establishment/re-establishment/handover, only the Primary Cell (PCell) provides the NAS mobility information (e.g. TAI), and at RRC connection re-establishment/handover, only the PCell provides the security input. PCell can only be changed with handover procedure (i.e. with security key change and RACH procedure).

Depending on UE capabilities, Secondary Cells (SCells) can be configured to form together with the PCell a set of serving cells. For each SCell the usage of uplink resources by the UE in addition to the downlink ones is configurable (the number of DL SCCs (Secondary Component Carriers) configured must always be larger or equal to the number of UL SCCs and no SCell can be configured for usage of uplink resources only).

To support CA, the management aspects required for CA also need to be addressed. 
The management aspects that need to be particularly taken into account for CA include:

· performance measurements and KPIs to evaluate the E-UTRAN that supports CA, for example how to measure number of users/E-RABs in the measured EUtran Cell which acts as Pcell or Scell for some UEs;

· required configurations to support CA;

· enhancements to support SON functionalities for CA in NM-centralized, EM-centralized and  distributed SON architectures, e.g., to take the radio bearer reconfiguration/failures with Scell(s) also into account in MRO;

· energy saving perspective in CA.

Objective to:

· identify required performance measurements and KPIs to support CA management

· specify required configurations for CA management

· identify the use cases and requirements for  SON functionality Self-establishment of eNodeB, E-UTRAN ANR, MRO, MLB, CCO and Self-healing in CA, and provide solutions

· identify the use cases and requirements for Energy Saving in CA and provide solution extensions

· address other management aspects for CA if any

To fulfil the objectives above, coordination with RAN groups may be needed.

To minimize the backward impact introduced by CA management, the existing mechanisms and definitions shall be reused as much as possible.
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Expected Output and Time scale

	Affected existing specifications

	Spec No.
	CR
	Subject
	Approved at plenary#
	Comments

	32.425
	
	
	SA#57 Sep 2012
	E-UTRAN performance measurements

	32.761
	
	
	SA#57 Sep 2012
	E-UTRAN NRM IRP Requirements

	32.762
	
	
	SA#57 Sep 2012
	E-UTRAN NRM IRP Information Service

	32.766
	
	
	SA#57 Sep 2012
	E-UTRAN NRM IRP Solution Sets

	32.521
	
	
	SA#57 Sep 2012
	SON Policy NRM IRP Requirements

	32.522
	
	
	SA#57 Sep 2012
	SON Policy NRM IRP Information Service

	32.526
	
	
	SA#57 Sep 2012
	SON Policy NRM IRP Solution Sets

	32.450
	
	
	SA#57 Sep 2012
	E-UTRAN KPI: Definitions

	32.451
	
	
	SA#57 Sep 2012
	E-UTRAN KPI: Requirements

	32.511
	
	
	SA#57 Sep 2012
	ANR Concepts and Requirements

	32.541
	
	
	SA#57 Sep 2012
	Self-healing Requirements

	32.551
	
	
	SA#57 Sep 2012
	Energy Saving Management: Concepts and Requirements

	32.501
	
	
	SA#57 Sep 2012
	Self-establishment of eNodeBs: Requirements

	32.502
	
	
	SA#57 Sep 2012
	Self-establishment of eNodeBs: Information Service

	32.506
	
	
	SA#57 Sep 2012
	Self-establishment of eNodeBs: Solution Sets


5.2
Network Energy Saving for E-UTRAN (RAN3) UID_530036
Resources:
R3

	UID
	Name
	Finish
	Compl
	Hyperlink
	Notes
	TS_and_TR

	530036
	Network Energy Saving for E-UTRAN
	16/03/2012
	0%
	RP-111376
	Stage 2,3
	LTE

	530136
	Core part: 
	16/03/2012
	0%
	RP-111376
	inter-RAT aspect can affect UTRA and GERAN as well
	25.413, 36.300, 36.413, 36.423


Supporting Companies:
Chine Mobile, Alcatel-Lucent, ZTE, CATT, Nokia Siemens Networks, CHTTL, NEC, Mitsubishi Electric, Huawei, Telefónica, KPN, Orange, Telecom Italia, Deutsche Telekom, Fujitsu 

Justification

The power efficiency in the infrastructure and terminal is an essential part of the cost-related requirements in LTE-A. There is a strong need to investigate possible network energy saving mechanisms to reduce CO2 emission and OPEX of operators.
Solutions and enhancements to various energy saving use cases have been studied already in Rel-10, and initial evaluations have been addressed. Following use cases have been considered in the study item and the study results have been captured in TR 36.927.

· Intra-eNB energy saving

· Inter-eNB energy saving

· Inter-RAT energy saving

Those solutions to intra-eNB energy saving use case, which mainly focus on a single cell operating in energy saving mode when the resource utilization is sufficiently low, are implementation based and could be supported by current specification.

For inter-eNB energy saving use case 1, where cells are overlapping with each other, Rel-9 inter-eNB energy saving solutions can be reused for improving energy efficiency; besides this, possible enhancements, e.g. how to exit dormant mode efficiently, may be needed. The improvements have been evaluated feasible, applicable and backward compatible.

For inter-eNB energy saving use case 2, where no cell are overlapping with each other, some solutions with signalling modifications and some hybrid based solutions with both O&M and signalling modifications have been evaluated as feasible, applicable and backwards compatible for improving energy efficiency, and further specification work is needed for implementing the solutions.

For inter-RAT energy saving, which mainly focuses on legacy networks (i.e. GERAN and UTRAN) providing radio coverage together with E-UTRAN providing capacity enhancements, solutions and possible enhancements, e.g. how to exit dormant mode efficiently, with signalling modification are evaluated as feasible, applicable and backwards compatible for improving energy efficiency when there are no LTE-only capable devices. Further specification work is needed for implementing these solutions and enhancements.
Objective

Based on the outcome of R10 study item on E-UTRAN energy saving solutions, the detailed objectives are as follows:

· In inter-RAT use case, specify the signalling based solution and possible enhancements;

· In inter-eNB overlapping use case, specify possible enhancements on top of Rel9 solution;

· In inter-eNB non-overlapping use case, specify the signalling based solution or the hybrid solution (O&M + signalling );

· If needed, define O&M requirements for radio-related functions to be performed in the O&M domain.
Unnecessary duplication of solutions addressing the same problem area shall be avoided.
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Expected Output and Time scale

	Affected existing specifications

	Spec No.
	CR
	Subject
	Approved at plenary#
	Comments

	36.300
	
	E-UTRAN Overall description
	RAN #54
	Inclusion of identified stage 2 aspects

	36.423
	
	Evolved Universal Terrestrial Radio Access Network (E-UTRAN);X2 Application Protocol (X2AP)
	RAN #55
	X2 specification stage 3 aspects

	36.413
	
	Evolved Universal Terrestrial Radio Access Network (E-UTRAN); S1 Application Protocol (S1AP) 
	RAN #55
	S1 specification stage 3 aspects

	25.413
	
	UTRAN Iu interface Radio Access Network Application Part (RANAP) signalling
	RAN #55
	Iu specification stage 3 aspects
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IETF working group on Energy Management (EMAN) - No change
Sep 2010 a new WG has been formed in the IETF Operations & Management (OPS) area on Energy Management.

Mailing Lists:
General Discussion: eman@ietf.org
To subscribe: https://www.ietf.org/mailman/listinfo/eman
Archive: http://www.ietf.org/mail-archive/web/eman
Description of the EMAN WG
Energy management is becoming an additional requirement for network management systems due to several factors including the rising and fluctuating energy costs, the increased awareness of the ecological impact of operating networks and devices, and the regulation of governments on energy consumption and production.

The basic objective of energy management is operating communication networks and other equipments with a minimal amount of energy while still providing sufficient performance to meet service level objectives.

A discussion of detailed requirements has already started in the OPSAWG, but further exploration in the EMAN WG is needed.

Today, most networking and network-attached devices neither monitor nor allow control energy usage as they are mainly instrumented for functions such as fault, configuration, accounting, performance, and security management. These devices are not instrumented to be aware of energy consumption. There are very few means specified in IETF documents for energy management, which includes the areas of power monitoring, energy monitoring, and power state control.

The OPSAWG started working on a MIB module
 for monitoring energy consumption and power states of energy-aware devices and found that more than just a MIB module was needed to manage energy in networks. Rather a new framework for energy management needs to be developed first.

A particular difference between energy management and other management tasks is that in some cases energy consumption of a device is not measured at the device itself but reported by a different place. For example, at a Power over Ethernet (PoE) sourcing device or at a smart power strip, in which cases one device is effectively metering another remote device. This requires a clear definition of the relationship between the reporting devices and identification of remote devices for which monitoring information is provided. Similar considerations will apply to power state control of remote devices, for example, at a PoE sourcing device that switches on and off power at its ports. Another example scenario for energy management is a gateway to low resourced and lossy network devices in wireless a building network. Here the energy management system talks directly to the gateway but not necessarily to other devices in the building network.

The WG will investigate existing standards such as those from the IEC, ANSI, DMTF and others, and reuse existing work as much as possible.

The EMAN WG will work on the management of energy-aware devices, Covered by the following items:

1. Requirements for energy management

The EMAN WG will develop a requirements document that will specify energy management properties that will allow networks and devices to become energy aware. In addition to energy awareness requirements, the need for control functions will be discussed. Specifically the need to monitor and control properties of devices that are remote to the reporting device should be discussed.

2. Energy management framework

The EMAN WG will create a framework document that will describe extensions to current management framework, required for energy management. This includes: power and energy monitoring, power states, power state control, and potential power state transitions. The framework will focus on energy management for IP-based network equipment (routers, switches, PCs, IP cameras, phones and the like).

Particularly, the relationships between reporting devices, remote devices, and monitoring probes (such as might be used in low-power and lossy networks) need to be elaborated. For the case of a device reporting on behalf of other devices and controlling those devices, the framework will address the issues of discovery and identification of remote devices.

3. Energy-aware Networks and Devices MIB document 

The EMAN WG will develop a MIB module for monitoring energy-aware networks and devices.

The module will address devices identification, context information, and potential relationship between reporting devices, remote devices, and monitoring probes.

4. Power and Energy Monitoring MIB document 

The EMAN WG will develop a document defining managed objects for monitoring of power states and energy consumption/production. The monitoring of power states includes:

retrieving power states, properties of power states, current power state, power state transitions, and power state statistics.

The managed objects will provide means for reporting detailed properties of the actual energy rate (power) and of accumulated energy. Further, it will provide information on electrical power quality.

5. Battery MIB document

The EMAN WG will develop a document defining managed objects for battery monitoring, which will provide means for reporting detailed properties of the actual charge, age, and state of a battery and of battery statistics.

6. Applicability statement

The EMAN WG will develop an applicability statement, describing the variety of applications that can use the energy framework and associated MIB modules. Potential examples are building networks, home energy gateway, etc. Finally, the document will also discuss relationships of the framework to other architectures and frameworks (such as smartgrid).

The applicability statement will explain the relationship between the work in this WG and the other existing standards such as those from the IEC, ANSI, DMTF, and others.

Goals and Milestones

Dec 2010


Publish Internet draft on Energy Management Requirements 
Dec 2010


Publish Internet draft on Energy Management Framework 
Dec 2010


Publish Internet draft on Energy-aware Networks and Devices MIB 
Dec 2010


Publish Internet draft on Power and Energy Monitoring MIB 
Dec 2010


Publish Internet draft on Battery MIB 
Apr 2011


Publish Internet draft on Energy Management Applicability 
May 2011


Submit Internet draft on Energy Management Requirements for publication as Informational RFC 
Sep 2011


Submit Internet draft on Energy Management Framework for publication as Informational RFC 
Sep 2011


Submit Internet draft on Energy-aware Networks and Devices MIB for publication as Standard Track RFC 
Sep 2011


Submit Internet draft on Power and Energy Monitoring MIB for publication as Standard Track RFC 
Sep 2011


Submit Internet draft on Battery MIB for publication as Standard Track RFC
Dec 2011


Submit Internet draft on Energy Management Applicability for publication as Informational RFC 
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Completed 3GPP Features and Studies
	UID
	Name
	Resource
	Hyperlink

	
	Release 10 Studies
	
	

	430044
	Study on Telecommunication Management; Energy Savings Management
	S5
	SP-090048

	460016
	Study on Solutions for energy saving within UTRA Node B
	R1,R3
	RP-091439

	470015
	Study on Network Energy Saving for E-UTRAN
	R3,R2
	RP-100674


	UID
	Name
	Resource
	Hyperlink

	
	Release 10 Features
	
	

	460031
	OAM&P 10
	S5
	-

	460034
	
Self-Organizing Networks (SON) - OAM aspects
	S5
	-

	470037
	

OAM aspects of Energy Saving in Radio Networks
	S5
	SP-100226


	UID
	Name
	Resource
	Hyperlink

	
	Release 11 Studies
	
	

	480015
	Study on impacts on UE-Core Network signalling from Energy Saving
	C1
	CP-100330

	490006
	Study on Solutions for GSM/EDGE BTS Energy Saving
	G1,G2
	GP-101638

	500037
	Study on System Enhancements for Energy Efficiency
	S2
	SP-100888

	510045
	Study on OAM aspects of inter-RAT Energy Saving
	S5
	SP-110138


	UID
	Name
	Resource
	Hyperlink

	
	Release 11 Features
	
	

	530049
	Management for Carrier Aggregation for LTE
	S5
	SP-110636

	530036
	Network Energy Saving for E-UTRAN
	R3
	RP-111376

	530136
	Core part: 
	R3
	RP-111376
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Deleted 3GPP Features and Studies

	UID
	Name
	Resource
	Hyperlink
	Notes

	
	
	
	
	


Annex A:
Change history

	Change history

	Date
	Subject/Comment
	Old
	New

	2010-06
	1st draft despatched for input / comment
	--
	0.0.1

	2010-09
	Post-TSG#49 San Antonio, Sep 2010 updates.

Added New WIDs:

UID_490006
Study on Solutions for GSM/EDGE BTS Energy Saving
GERAN
Completed:

UID_460016
Study on Solutions for energy saving within UTRA Node B
R1,R3
	0.0.1
	0.0.2

	2010-10
	Added clause 4 on

IETF working group on Energy Management (EMAN)
	0.0.2
	0.0.3

	2011-02
	Post-TSG#50 Istanbul, Dec 2010 updates:

Added New WIDs:
UID_500037
Study on System Enhancements for Energy Efficiency
S2
	0.0.3
	0.0.4

	2011-05
	Post-TSG#51 Kansas City, Mar 2011 updates 

Added New WIDs:
UID_510045
Study on OAM aspects of inter-RAT Energy Saving
S5
	0.0.4
	0.0.5

	2011-06
	Post-TSG#52 Bratislava, Jun 2011 updates
Completed

UID_470015
Rel-10 Study on Network Energy Saving for E-UTRAN
R3,R2

UID_480015
Rel-11 Study on impacts on UE-Core Network signalling from Energy Saving
C1
	0.0.5
	0.0.6

	2011-09
	Post-TSG#53 Fukuoka, Sep 2011 updates
	0.0.6
	0.0.7
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�Management Information Base (MIB) A database of managed objects acessed by network management protocols.
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