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1 Introduction
Base stations in LTE consume a large amount of the electrical energy. Thus, network elements, even those with low power consumption, become increasingly important and the ability to shutdown unused capacity is seen as ever more valuable. 

Currently, network elements can, in many cases, only be turned-off and on by using remote power control switches managed by separate tools statically. However, this kind of mechanism may not be suitable for LTE network, because there will be much more bursts transmission. 

Therefore, the Study Item on Energy Saving for E-UTRAN has been approved in RAN #47 meeting [1] based on the achievements in Rel-9, and the scope is listed as follows:

· Inter-RAT energy saving mechanisms
· Inter-eNB energy saving mechanisms (in addition to what was already specified in Rel-9)
And at RAN #48 the situation will be re-assessed. 
In this paper, we summarize the scenarios and possible solutions based on standardization work already done for further discussion for this Study Item. 
2 Status in Standards
· Power saving status SA5 work on Energy Savings (ES) in LTE

· The ETSI 3GPP TR 32.826 draft standard defines requirements (at the business level, for quality measurement, etc), high-level use cases (including one Inter-RAT use case between E-UTRAN and UTRAN) and architectural options (e.g. centralized, distributed, or hybrid) are specified

· 3GPP SA WG5 (telecom management, aka. SA5) starts two Work Items (WIs) that might be related: Self-optimization and self-healing

· In the meantime SA5 has agreed on an Energy Savings Work Item (ES WI).

· 3GPP RAN3 work item, TEI-9, on ES in UTRAN:

· Radio Network Controller (RNC) decides to switch cells off and on.

· Signaling to be decided between RNC and NodeB for ES purposes
· 3GPP RAN3 small enhancement of existing functionalities to support Intra-LTE ES:

· eNB (accompanied with its neighboring coverage backup eNB) decides to switch cells off/on.

· X2 signaling to be decided between eNBs for ES purposes.
· RAN1 has started Release 10 Study Item on "Energy saving within UTRA Node B" (RAN1, RAN3) 

· RAN3 has started Release 10 Study Item on “Network Energy Saving for E-UTRAN”, and consider the inter-RAT case.
Motivation for analyzing ES uses cases and standardization

· Study in TR 32.826 showed significant power saving potential for single RAT, which can be expected also in the Inter RAT scenario (i.e. there are no obvious reasons not to have similar gains)

· Inter-RAT power savings is  important from day one of LTE deployment, i.e. UTRAN overall coverage with LTE islands/clusters of higher capacity

· GeRAN/UTRAN layer providing coverage and LTE layer providing capacity is a very likely deployment and recognized as one important scenario in 3GPP TR 32.826

· Standardization impact is likely due to Inter-RAT scenario

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

And in Rel-10, we consider the following four scenarios:

(1). Overlaid inter-RAT energy saving

When operators deploy the LTE network for capacity enhancement at hot spot at initial or later stage, 2G/3G overlay may have been deployed and optimized as the base for further enhancement as shown in Figure 1. And this scenario could be maintained for a long time. Therefore, the overlaid inter-RAT energy saving should be firstly studied in Rel-10.

[image: image1.emf]2G/3G Overlay  

LTE Capacity Enhancement


Figure 1. Inter-RAT Overlaid Deployment Scenario
(2). Non-overlaid inter-RAT energy saving

In this case, the 2G/3G coverage and LTE coverage are not overlapping at all, if the LTE cell is switched off, it might be difficult for 2G/3G to perform the compensation as shown in Figure 2. 
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Figure 2. Inter-RAT non-Overlaid Deployment Scenario
 (3). Overlaid inter-eNB energy saving

In this case, when the LTE network deployment comes into the later phase, there may be many overlapping in the LTE network, especially in some hot area. And it is much harder for operator to obtain the statistics because of the bursting character of LTE service. The energy saving mechanism for inter-eNB switching on/off has been deeply discussed and the following solutions are agreed and specified.

· Switch-off: Autonomous switch-off decision. Neighbor eNBs are informed after decision is made; 

· Switch-on: Switch-on could be performed upon request by one neighbor eNB. Requesting neighbor eNB is informed about outcome of the request, and other neighbors are informed in case switch-on is performed.

However, there may be some energy saving enhancement based on the agreement, e.g. load shifting for idle UEs and active UEs, cell switching off request, etc.
(4). Non-overlaid inter-eNB energy saving

In this case, if there is no overlay for LTE network, some coverage gap will be produced when the cell is switched off, therefore, some compensation mechanisms should be considered. 
4 Potential Solutions from RAN3 Perspective
Based on NGMN white paper, there are different levels of possible solutions promising energy saving:
1) Minimize electrical power consumption in general at the Hard Ware (HW) level (e.g. by power minimization in HW)

2) Switch on/off of resources at the lowest layer within an Evolved NodeB (eNB) (e.g. reduced transmitted RF power over part of the spectrum).

3) Bundle specific functionalities within an eNB (like sharing of BBU for several cells)

4) Simple switching on/off of eNB/cells within a cell cluster using network redundancy, without active adaptations (e.g. time scheduling considering main traffic periods)

5) Switching  eNB/cells on/off using network redundancy with active adaptations (e.g. tilt change, power adaptation, shift traffic to other RATs)

And in this study item, we could mainly focus on solution 5) before re-assessment in RAN Plenary. And some necessary mechanism should be proposed for keeping the user’s experience without too much impact. Furthermore, any pre-configuration or local policy should not be precluded from the candidate solutions for energy saving.
5 Conclusion
This document introduces the Rel-10 Energy Saving Study Item [1] and summarizes ongoing energy saving standardization activities. It is proposed to discuss the scenarios and possible solutions first and capture the corresponding agreements in the TR. 
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