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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
At present, sustainable development is a long-term commitment for all people in the world. This means not only development but also innovation. People should do their best to handle the resource shortage and environment deterioration. Therefore, how to improve the power efficiency and realize the power saving becomes a significant issue.

In the telecom area, most mobile network operators aim at decreasing the power consumption without too much impact on their network. In this case, the greenhouse emissions are reduced, while the OPEX of operators is saved. 

Thus, the power efficiency in the infrastructure and terminal becomes an essential part of the cost-related requirements in network, and there is a strong need to investigate possible network energy saving solutions.

1
Scope
The present document is the technical report for the study item on Network Energy Saving for E-UTRAN, which was approved at TSG RAN#47. The objective of the SI is to first identify the relevant scenarios and then study and present the solutions that is applicable to EUTRAN energy saving. Furthermore, initial evaluation should be performed for each solution.
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]
3GPP TR 32.826: "Study on Energy Savings Management (ESM) ".

[3]
3GPP TS 36.300: "Radio Access (E-UTRAN); Overall description; Stage 2".
 [4]
3GPP TS 36.423: "X2 application protocol (X2AP) ".

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].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].

eNB                     enhanced NodeB

EPC
Evolved Packet Core

E-UTRAN
Evolved UTRAN

ES
Energy Savings

ESM 
Energy Savings Management

FFS
For Further Specification

LTE
Long Term Evolution

OAM 
Operations, Administration, Maintenance
OPEX
Operating Expenses

RAN
Radio Access Network

SON
Self-Organizing Networks

TRX
Transceiver
UMTS 
 Universal Mobile Telecommunications System

UTRAN
Universal Terrestrial Radio Access Network

4
General
The objective of this study item is 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.
The following use cases will be considered in this study item [2]:
· Intra-eNB energy saving

· Inter-eNB energy saving
· Inter-RAT energy saving
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 and the ability to provide energy saving for Rel-10 network deployment that serves a number of legacy UEs
· Solutions shall not impact the Uu physical layer

· The solutions should not impact negatively the UE power consumption
Note that energy saving for HeNB is out of the scope of this study item.
5
Inter-RAT energy saving mechanisms 

5.1
Deployment scenarios
When operators deploy the LTE network for capacity enhancement at hot spot at initial or later stage, 2G/3G network may have been provided and optimized as the overlay. 
Scenario 1:
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Figure 5.1-1. Inter-RAT energy saving scenario 1
In this scenario as is shown in Figure 5.1-1, E-UTRAN Cell C, D and other E-UTRAN cells are totally covered by the same legacy RAT Cell A and B (e.g. UMTS or GSM). Cell A/B has been deployed to provide basic coverage of the services in the area, while other E-UTRAN cells boost the capacity. 
This scenario describes the deployment of E-UTRAN at the initial stage, and the E-UTRAN cells are only deployed for capacity enhancement at some hot spots, therefore, the continuity of LTE coverage could not be guaranteed. The legacy network provides the basic coverage for those UEs with multi-mode capability and the E-UTRAN only UEs could not be served when they are out of the coverage of E-UTRAN.

The solutions for this scenario should only be considered in case there are no LTE-only capable devices.
5.2
Potential solutions for the above scenarios
Solution 1: Cell switch on/off via O&M commands
With this existing solution, the E-UTRAN cell can be switched off/on by the centralized OAM system based on some RAN information, e.g. load information. And the Intra-RAT and Inter-RAT neighbour nodes should be informed either by the OAM or by the signalling. 

Solution 2: Cell switch on/off autonomously at the RAN node via local policies downloaded by O&M
With this existing solution, the E-UTRAN node can switch the cell on/off according to a certain policy configured by OAM, and its Intra-RAT and Inter-RAT neighbour nodes should be informed, either by the OAM or by the signalling. An example policy would be switching on the cell 3 hours after switching off it or switching off the cell at 0:00 am and switching on it again at 7:00 am. As a part of energy saving operation, the E-UTRAN node may handover the capable UEs to the UTRAN/GERAN firstly.
Solution 3: Cell switch on/off based on signalling across RATs
With this solution, the capacity boosting E-UTRAN cell may be switched off autonomously based on information available in the cell. Switch-on may be performed upon request by one or more neighbour inter-RAT nodes. Intra-RAT and Inter-RAT neighbour nodes should be informed after on/off decision is made.
After that, if some E-UTRAN cells find that it could return to sleep mode, they can switch themselves off again. Note: whether this is an enhancement is FFS.
5.3
Further enhancement

Issue 1

When the E-UTRAN cells are not active and the load increases, the legacy cells for coverage will not know which cell should be waken up, especially when the increasing load is in one or few hotspots. 
Based on above issue described, we should find some enhancements based on solution 3 to select the appropriate candidates to activate.
Solution 4:

In this enhancement, the listening capability of the E-UTRAN cells may be enabled independently from other functions of the cell. In that case, the sleeping cells may monitor, when requested, interference over thermal (IoT) ratio, which is obtained based on Received Interference Power and Thermal noise power. Then, when a legacy cell providing coverage detects high load, it may request the E-UTRAN cells within its coverage to provide IoT measurements, and then using its proprietary algorithm, in most cases it will be able to find which E-UTRAN cells are the most appropriate to serve higher load. Therefore, those legacy cells could activate the appropriate cells in E-UTRAN while keeping other hotspot cells in sleep mode.
Complementary energy saving features:
Following complementary features are FFS for both, intra- and inter-RAT scenarios:
· Inter-cell coordination before cell switch off and enabling compensation mode

· Addition of “deactivation indicator” in solution 3 above
Note: Feasibility studies and good understanding about the benefits of complementary energy saving features listed above is needed.
5.4
Initial evaluation
6
Inter-eNB energy saving mechanisms (in addition to what was already specified in Rel-9)
6.1
Scenarios requiring further study
When operators deploy the LTE network without any 2G/3G overlay in later phase, there are two application scenarios of energy saving, and in this section, these two scenarios are described respectively. 

Scenario 1
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Figure 6.1-1. Inter-eNB scenario 1 for energy saving
In this scenario as is shown in Figure 6.1-1, E-UTRAN Cell C, D and other E-UTRAN cells are totally covered by the E-UTRAN Cell A and B. Here, Cell A and B has been deployed to provide basic coverage, while other E-UTRAN cells boost the capacity. When some cells providing additional capacity are no longer needed, they could be switched off for energy optimization. In this case, both the continuity of LTE coverage and service QoS could be guaranteed. 
6.2
Potential solutions for the above scenarios
 In general, inter-eNB energy saving mechanisms should be such that basic coverage is preserved in the network.
Solution 1: Cell switch on/off via O&M commands 

With this existing solution, the E-UTRAN cell can be switched off/on by the centralized OAM system based on some RAN information, e.g. load information. This centralized solution could collect all information and determine whether this node could be switched off/on or not. In this procedure, the neighbour nodes should be informed either by the OAM or by the signalling. 

Solution 2: Cell switch on/off autonomously at the RAN node via local policies downloaded by O&M
With this existing solution, the E-UTRAN node can switch the cell on/off according to a certain policy configured by OAM, and which node could be switched off has been determined before. After the cell switching on/off procedure, its neighbour nodes should be informed. 

Solution 3: Cell switch on/off based on signalling exchanging
This solution has already been agreed in Rel-9. With this solution, the capacity boosting E-UTRAN cell may be switched off autonomously based on information available in the cell, e.g. load information, to lower energy consumption. Switch-on may be performed upon request by one or more neighbour E-UTRAN nodes if capacity needs in such cells demand to do so, and the eNB owning the dormant cell should normally obey a request. In this procedure, its neighbour nodes should be informed after on/off decision is made.

After that, if some activated cells find that they could return to sleep mode, they can switch themselves off again. Note: whether this is an enhancement is FFS.
6.3
Further enhancement
Issue 1

When the capacity boosting cells are not active and the load increases, the cells for coverage will not know which cell should be waken up, especially when the increasing load is in one or few hotspots. 
Based on above issue described, we should find some enhancements based on solution 3 to enable the cells for coverage to select the most appropriate candidates to activate.
Solution 4:

In this enhancement, the listening capability of the capacity boosting cells may be enabled independently from other functions of the cell. In that case, those cells may monitor, when requested, interference over thermal (IoT) ratio, which is obtained based on Received Interference Power and Thermal noise power. When a cell providing coverage detect high load, it may request the hotspot cells within its coverage to provide their IoT measurements, and then using its proprietary algorithm, in most cases it will be able to find out which capacity boosting cells are the most appropriate to serve higher load.  Therefore, those cells for coverage could activate the appropriate cells for boosting capacity UTRAN while keeping other hotspot cells in sleep mode.
6.4
Initial evaluation
7
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