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1 Introduction
In RAN #47 meeting, it’s agreed for RAN3 to start a new Rel-10 SI entitled network energy saving for E-UTRAN [1], which includes inter-RAT energy saving as an important use case. Moreover, the ongoing NGMN Operational Efficiency project has also identified this use case with a higher priority to seek for solutions in case that E-UTRAN system is initially deployed, especially for the scenario that E-UTRAN islands are located in legacy 2G/3G networks. Basic requirements to network elements and OAM for an inter-RAT energy saving solution are discussed in [2].  
From standard point of view, it’s better to re-use Rel-9 inter-RAT SON mechanism to extend the existing E-UTRAN energy saving solution to inter-RAT energy saving. Here, solutions to Rel-9 intra-RAT energy saving (for E-UTRAN) and inter-RAT MLB can provide a good start point to determine an Inter-RAT energy saving solution. This document is intended to discuss the potential solutions to align with basic inter-RAT energy saving requirements. Methodology in Rel-9 intra-RAT energy saving and inter-RAT MLB solutions will be reused as much as possible to keep backward compatibility. 
2 Discussion 
2.1 Scenario Description 
A general description to inter-RAT energy saving is given in [1]: 

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. 
NGMN Operational Efficiency project [2] extends this scenario to inter-RAT energy saving without active adaptation (Option C2/C3) and inter-RAT energy saving with active adaptation (Option D2/D3), in which active adaptation refers to compensation actions in energy saving procedure to minimized the negative impact on the overall network performance or user experience, such as tilt change, power adaptation or shift E-UTRAN load to other RATs.

2.2 Potential Solutions 
Like Rel-9 intra-RAT energy saving with a Hierarchy Cell Structure (HCS), a HCS-based inter-RAT ES use case can work under the following assumptions:  
· Legacy cells which provide overall coverage of the geography area should not be switched off.
· E-UTRAN cell which is deployed for increased capacity of E-UTRAN services (high-speed data services) can be switched off with the coverage backup of legacy cells.
· E-UTRAN load is shifted from E-UTRAN cell to legacy cells before actual switch off of the E-UTRAN cell. However, this operation may bring some QoS degradation of E-UTRAN services and the degradation can be accepted by operators if it has minimized impact on user experience.
· In case an E-UTRAN cell is deployed to support both intra-RAT and inter-RAT energy saving functionality, when the precondition to trigger energy saving is met, intra-RAT energy saving has higher priority than inter-RAT energy saving.
Based on the work assumptions, two general procedures can be introduced to illustrate inter-RAT energy saving use case:
· Energy saving activation (inter-RAT cell switch off)

The procedure is to switch off E-UTRAN cell in order to satisfy energy saving purpose. As a result, the eNB which the E-UTRAN cell belongs to enters in the energy saving mode.
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· Energy saving deactivation (inter-RAT cell switch on)

The procedure is to switch on a dormant E-UTRAN cell in order to satisfy the increasing E-UTRAN service/QoS requests of the overlaid area. As a result, the eNB which the E-UTRAN cell belongs to resumes from the energy saving mode.
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Hereby, four inter-RAT interaction points are identified and shall be carefully discussed for a potential inter-RAT energy saving solution: 
1. Inter-RAT load status exchange (step 2, 3 of energy saving activation)
E-UTRAN cell shall know the load status of Legacy cell when it decides to trigger inter-RAT energy saving activation (local traffic load has decreased below a certain load threshold). If the load status of Legacy cell can carry the current E-UTRAN load, then E-TURAN cell will shift its load in step 4. The inter-RAT load exchange procedure is executed on demand. 
In Rel-9, inter-RAT load definition and several load info exchange methods were discussed for inter-RAT MLB use case and RIM based procedures are finally adopted by the group. However, this solution can also be applicable to inter-RAT energy saving.
2. Inter-RAT load shift (step 4 of energy saving activation)
This interaction moves traffic load from E-UTRAN cell to Legacy cells, which can reuse existing inter-RAT handover procedure directly. 
3. Inter-RAT ES mode notification (step 6 of energy saving activation, step 4 of energy saving deactivation)
This is a similar scenario as intra-RAT energy saving use case. When E-UTRAN cell goes into energy saving mode, or resumes from energy saving mode, it shall notify Legacy cells about its energy saving status update via inter-RAT messages.  As there is no direct interface between eNB and legacy systems such as RNC or BSS, the S1 and Iu signalling can be enhanced to transmit the energy saving mode information. RIM based procedures can also be studied.
4. Inter-RAT cell switch on (step 2 of energy saving deactivation)
This is also a similar scenario as intra-RAT energy saving use case. When Legacy cells detect new E-UTRAN services requests have occurred or legacy cells can not fulfil the QoS of the existing services,  Legacy cells has the responsibility to wake up E-UTRAN cell. As there is no direct interface between eNB and legacy systems such as RNC or BSS, the S1 and Iu signalling may be enhanced to transmit the energy saving status. RIM based procedures can also be studied.
3 Conclusions and proposal

This document provides an overall view of the inter-RAT energy saving use case and also potential solutions to it. As a preferred way forward of the SI, we’d like to suggest the group to discuss the above scenarios as a start point to determine the solution. Based on the analysis in this document, we have identified three new areas which need to be studied to support inter-RAT ES:
a) Exchange of ES mode notifications 
b) Exchange of Inter RAT switch on message
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