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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 Study on Energy Saving Enhancement for E-UTRAN [2] which was approved at TSG RAN#58. The objectives of this study item are to identify potential solutions for energy saving scenarios for the LTE coverage layer scenario and the overlaid scenario and to perform their initial evaluation so that a subset of them can be used as the basis for further investigation and standardization. Furthermore, objectives are to identify intra-RAT energy saving issues and study corresponding energy savings solutions based on the defined use cases, requirements and deployment scenarios identified under Small Cell Enhancements Study Item.

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]
RP-122035: "Study on Energy Saving Enhancement for E-UTRAN ", CMCC.
[3]
3GPP TR 36.927: “Potential solutions for energy saving for E-UTRAN”.
[4]
R3-130862: “Discussion on the twin state ES solution for LTE coverage layer”, Fujitsu.

[5]
R3-130972: “Energy Saving Enhancement Study on LTE Coverage Layer Scenarios”, NEC.
[6]
R3-131335: "Hybrid TX power optimization for LTE coverage layer", Mitsubishi Electric.
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
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].

CN
Core Network

DL
Down Link

eNB
enhanced NodeB

EPC
Evolved Packet Core
EPS
Evolved Packet System
E-UTRAN
Evolved UTRAN

ES
Energy Savings

FFS
For Further Specification
IE
Information Element

IoT
Interference over Thermal

LTE
Long Term Evolution
MDT
Minimizing Drive Testing

MRO
Mobility Robustness Optimization

MTC
Machine Type Communication

OAM
Operations, Administration, Maintenance

OPEX
Operating Expenses
PRB
Physical Resource Block
QoS
Quality of Service

RAN
Radio Access Network

SON
Self-Organizing Networks
TX
Transmission

UE
User Equipment

UL
Up Link

UTRAN
Universal Terrestrial Radio Access Network
4
Inter-eNB energy saving enhancement for overlaid scenario
4.1
Study on inter-eNB scenario 

4.1.1
Description of scenario 

The scenario for inter-eNB energy saving enhancement for overlaid scenario and corresponding requirements are similar to the scenario 1 for inter-eNB energy saving as described in TR 36.927 [3], but with the addition that different cells may offer different QoS and the QoS requirements of the UEs may be considered when switching on/off the capacity booster cell(s). For LTE network deployment, one possible application scenario of energy saving is described hereafter.
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Figure 4.1-1: Overlaid scenario
Figure 4.1-1 shows the overlaid scenario in which E-UTRAN Cells C, D, E, F and G are covered by the E-UTRAN Cells A and B. Here, Cells A and B have been deployed to provide basic coverage, while the other E-UTRAN cells boost the capacity. When some cells providing additional capacity are no longer needed, they may be switched off for energy optimization. Conversely, the switched off cells may be activated when the network can benefit from the additional capacity they provide.
In principle, inter-eNB energy saving mechanisms should preserve the basic coverage in the network.
4.1.2
Solutions description

4.1.2.1
Different ES actions for different UEs

Problem description

An operator may offer different types of subscriptions to differentiate users along the offered QoS. Hence, the operator may want to apply a different trade-off for different subscriber types. It may also be beneficial for an operator to use different energy saving strategies for different subscription types using specific devices, e.g. MTC devices, low cost MTC devices, and Public Safety Devices. 
Currently QoS is indicated by the EPS by means of standardised S1AP IEs. Further possibilities to efficiently support different energy saving strategies for different subscriber types could be studied.  

The study should be limited to Energy Saving specific scenarios, since the impact of switching off one or more cells is greater than in other scenarios where cells are not switched off. 
Solutions

The E-UTRAN utilises information provided by the CN to decide whether and which ES action (switch on/off) should be taken. The information provided by the CN could be as follows:

1)
Using an explicit indicator in order to indicate that certain ES actions are allowed to be taken when the UE is RRC_CONNECTED. The ES actions to be taken by the E-UTRAN are subject to implementation and deployment and may be also subject to configuration. The explicit indication may be either done by introducing new signalling information on S1-MME or by configuring a specific SPID code point.

2)
Alternatively, E-UTRAN may use the existing QoS information for RABs in order to determine whether certain ES actions are allowed to be performed. Usage of the QoS information by the eNB is implementation specific.

4.1.2.2
Switch On enhancement
Problem Description

When load increases in an area served by E-UTRAN coverage cells and several E-UTRAN hotspot cells in that area are not active, the eNB owning the E-UTRAN coverage cells may decide to switch on E-UTRAN hotspot cells including those which are not able to serve the users causing high load. This may result in waste of energy.
Solution 1: UE detection of DL signalling from the hotspot cell

The solution is based on UE detection of DL signals transmitted from the hotspot cell. The coverage eNB identifies the appropriate hotspot cells based on the UE measurements.
The coverage eNB predicts that it is likely that the coverage cell needs resources in the time and requests dormant hotspot cells to transmit at least downlink reference signals in order to allow UEs to perform measurements which may help to determine which hotspot cells are able to serve UEs currently served by the coverage cell. A sufficiently long period of time time is required to collect respective information. It is assumed that existing UE measurements are suitable for that purpose. The hotspot cell autonomously decides to transition to dormant mode after a while or may decide to operate in active mode if the coverage cell offloads UEs to that particular hotspot cell.
The following issues has been identified:
Issue 1
How to mitigate intra-frequency interference caused by the hotspot cell?
Issue 2

What is the typical trigger for the coverage cell to request proximity detection considering that the coverage cell needs to predict the need of resources?

Solution 2: IOT measurement by the hotspot cell

The solution is based on analysis of the IoT measurements reported from inactive hotspot cells to the coverage eNB. Based on these IoT figures, the controller eNB of the coverage cell may be able to identify the proper hotspot cell(s) that is (are) able to serve the UEs causing the high load. The strategy to activate hotspot cells could be to activate the cells one by one. In case the near-overload situation is not resolved, the next target could be chosen. .  
The following issues have been identified:

Issue 1
What is the likelihood that the proximity of a UE is detected and the most appropriate hotspot cell is activated?
Issue 2
How would the IoT measurements be calibrated among the nodes?
Issue 3
How would it be possible to distinguish the proximity of several interferers from IoT? 
Issue 4
How does this work in TDD where (as discussed in eIMTC) the DL of an eNB interferes on the UL of neighbour eNBs?

Issue 5

What is the advantage compared to solution 1 in terms of energy saved and speed of detecting the right hotspot cell.
Issue 6

If considered, is it feasible and advantageous to limit IoT measurements to particular PRBs? 
Issue 7

Will the solution have any additional impacts if hotspot cell is deployed with a different carrier frequency as compared to the coverage cell?
Issue 8

What is the typical trigger for the coverage cell to request proximity detection considering that the coverage cell needs to predict the need of resources?

Issue 9

How much time is required in order to collect the information (order of seconds, tens of seconds, minutes or more)
Solution 3: Detection of UL signals by the hotspot cell
The solution is based on using specific uplink signals to be detected by the hotspot cell. 
The solution is composed of three steps:
Step 1: The coverage eNB determines and configures UEs for uplink transmission.
Step 2: The coverage eNB sends the uplink signals configuration to the hotspot eNB by new IE on X2AP.
Step 3: The hotspot eNB detects the configured nearby UEs by monitoring the uplink signals. After detecting uplink signaling with the signaled configuration, it can use this information for switch on decisions. It can also send the detection information to the coverage eNB, over new IEs or X2-AP messages, which can make the switch-on decision and signal this to the hotspot eNB. 

The following issues have been identified:
Issue1

It needs to be discussed whether this mechanism needs to change UE behaviour.
Issue 2

The operational state of the hotspot cell needs to be clarified.

Issue3

What is the advantage compared to solution 1 in terms of energy saved and speed of detecting the right hotspot cell.
Issue 4

What is the typical trigger for the booster cell to start proximity detection considering that the coverage cell needs to predict the need of resources?

Issue 5

How much time is required in order to collect the information (order of seconds, tens of seconds, minutes or more)

4.1.3
Solutions evaluation

The solutions for inter-eNB energy saving enhancement for overlaid scenario are evaluated and compared in the table 4.1.3-1 below. 
The evaluation of the Potential ES gain shall take the following aspects into account:
-
Energy consumption in the booster cell when collecting or assisting in collecting UE proximity information.

-
The reduction in energy consumption in the coverage providing cell when moving UEs to the booster cell.

Further potential aspects for evaluation
-
To which extent the potential ES gain needs to be corrected if cases are taken into account where the proximity mechanism has either no information available when needed or makes an incorrect decision.
-
To which extent the potential ES gain needs to be corrected if a typical smart phone behaviour is taken into account where UEs change between idle and connected mode frequently.

Table 4.1.3-1: Comparison of solutions for overlaid scenario
	
	Solution 

	Complexity
	

	Potential ES gain
	

	Specification impact
	

	OAM impact
	

	eNB impact
	

	UE impact
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