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1       Introduction
In RAN Plenary #47 meeting a new study item was approved to investigate solutions for the E-UTRAN network energy savings for both inter-RAT and inter-eNB network configurations [1]. The objective of the 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.”[1]
Within this scope, we present in this paper a use case where inter-RAT energy saving can be beneficial and discuss potential solutions. We also highlight some important considerations that require further investigation. 
2       Use-case description
As outlined in [1], the use case under study involves ubiquitously deployed underlay cells (e.g. GERAN/UTRAN cells) providing base voice and packet data service to UEs and overlay EUTRAN cells providing additional packet data services to UEs. For network energy savings purposes, it is expected that Cell A (E-UTRAN cell) can be turned off when it the additional packet data services and capacity are not required, while Cell B (UTRAN/GERAN cell) supports UEs that otherwise would be served by Cell A. This use case is illustrated in Figure 1.
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Figure1. Energy saving InterRAT use case: network cell layout
3

Proposed Solution
In Rel. 9, an inter-eNB network energy savings mechanism in E-UTRAN was agreed where the eNB autonomously turns off when an opportunity for network energy saving is identified [2] [3]. The eNB informs its neighboring cells of its decision before powering off.  To power on the eNB, neighboring eNBs can send a request to the eNB and once the eNB is powered on, it informs neighboring eNBs of its status. This Rel. 9 framework can be extended to the inter-RAT network energy savings. 

3.1
Mechanism description

In Figure 2, we show an example call flow illustrating the inter-RAT network energy savings mechanism for the deployment scenario described in section 2. Note that the call flow in Figure 2 can be regarded as an extension of the inter-eNB energy saving mechanism following the same principles illustrated above.

The eNB can autonomously switch off its power based on a local policy management using triggers such as load or predetermined schedule. For example, when there are no attached UEs in the cell or the load on the eNB is below a given threshold, the eNB can decide to turn itself off.  Once the decision is made, idle and connected mode UEs on the EUTRAN are then moved to the UTRAN cell by e.g. using appropriate SIB configuration and inter-RAT handover/redirection procedures, respectively. Another approach involves the UEs reselecting to other cells after losing connections from the EUTRAN when the EUTRAN powers off.  In addition to moving the UEs, the eNB also notifies the UTRAN and other neighboring cells of its status by sending an “OFF notification”. It is important to note that although the UEs are shown as being transferred to the UTRAN before the neighboring cell notification in Figure 2, the order of these events might be reversed for some of the approaches used in moving the UEs.
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Figure 2. Call flow for InterRAT Network Energy Saving
The decision to power on the eNB is made in the RNC based on triggers such as load, predetermined schedule or UE’s QoS request. Once the decision is made, an “on request” is sent through the UMTS and LTE core networks to the eNB. A corresponding “on response” is sent back from the eNB to the UTRAN to confirm the request activation. Neighboring cells are also notified of the eNB’s status. In addition, UEs on the UTRAN can be moved over to the EUTRAN using the previously discussed approaches.  

It is worth noting that the mechanism described above does not impact legacy UEs. 

3.2
Implementation considerations

While the Rel.9 framework is easily extended to the interRAT scenario, the communication of messages and notifications across different RAT networks requires thorough investigation since these messages do not currently exist.  We’ve identified the following possible implementations:   
· using the RIM procedure mechanism e.g. similar container used for cell load reporting in SON

· defining new messages e.g. “on request” message to be carried on the S1, S3 and Iu interfaces between UTRAN and EUTRAN networks.
· piggy backing on existing messages e.g. including a new cause value in the handover request to be used triggering power on an eNB cell. 
 We recommend that these approaches and others if identified should be assessed thoroughly in identifying the most appropriate one that maximizes Inter-RAT energy savings as well as minimizes impact on existing network nodes.  

4
Conclusion
We discussed an extension of the Rel. 9 framework for the inter-eNB network energy savings to interRAT network savings and identified some potential solutions. 
Proposal 1: We propose that inter-RAT energy saving should be studied and the necessary procedures and messages should be specified as a part of Rel-10 energy saving work item. 
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