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1 Introduction
In RAN3 #68 meeting, comments to the objectives of Study Item “Network Energy Saving for E-UTRAN” were collected and open issues were discussed in [1]. As to objective “enhancement to inter-eNB energy saving mechanisms”, there were discussions on whether Rel-9 agreement on X2 solution can sufficiently fulfil the inter-eNB ES scenario. For example, what cells can be switched off for energy saving purpose? How to decide which neighbour of the switched-off cell can turn on the cell? This document is intended to discuss more on this issue, and provide an end-to-end view of a distributed inter-eNB ES solution (which combines both X2 signalling solution and OAM policy).

2 Discussion 
2.1 Rel-9 inter-eNB ES solution
It can be summarized for Rel-9 inter-eNB ES solution that:
a) The ES solution is applicable to a Hierarchy Cell Structure (HCS) deployment;
b) Cell switch off: autonomous switch off and neighbour eNBs are informed after decision is made.

c) Cell switch on: switch on should be performed upon request by one neighbour eNB. Requesting neighbour eNB is informed about the outcome of the request, and other neighbours are informed in case switch-on is performed.

d) Impact on X2 signalling: enhancement to the existing eNB Configuration Update and new definition to Cell Activation.

2.2 End-to-end view of a distributed ES solution 
The scenario described in section 2.1 is a typical distributed ES solution, which means ES algorithms are executed at eNBs (See [2] section 3.1 definitions for Distributed ES).The decision point to let a cell enter or go out of energy saving state is located in the eNB and signalling messages between eNBs are exchanged over X2 interface. However, the normal execution of a distributed ES algorithm should be under the control of some configuration information from OAM aspect, what is so-called ES policy. Generally speaking, ES policy is regarded as management information configured by the OAM system to enhance the execution context of energy saving algorithms located in the eNBs.An end-to-end view of a distributed ES solution is shown as figure 1.
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Figure1. End-to-end view of cell switch off in a HCS network

So far SA5 group has defined the following ES policy related management requirements over Itf-N [2]:
· The OAM system shall be able to enable and disable energy saving for a selected part of the network.
· The OAM system shall be able to define a list of cells to prevent them from going into energySaving state.
· The OAM system should be able to configure a cell traffic load threshold to be used for the decision if a network element goes out of energy saving state.
· The OAM system shall be able to configure one or more related cells as the candidate cells to take over the coverage when the original cell is going into energySaving state.
· The OAM system shall be able to indicate cell outage of an overlay cell that is a candidate cell that can take over the coverage for another cell.(This requirement applies for the use case eNodeB overlaid.)
· The OAM system should be able to define a cell traffic threshold and a time duration; if the traffic in the cell is below this threshold longer than this time duration, then the cell is allowed to enter the energy saving state.
· The OAM system should be able to define a traffic threshold and a time duration; if the traffic in active neighbor cells is below this threshold longer than this time duration, then the cell is allowed to enter the energy saving state.
· The OAM system should be able to define in a uniform way on subnetwork level or for many cells the circumstances when entering or leaving the energy saving is allowed.
Therefore, let’s discuss some potential end-to-end solution to inter-eNB energy saving for a HCS deployment use cases by using the above ES policies. This use case is identified as eNB overlaid energy saving by [2] and regarded as more realistic to apply ES solutions. As a precondition to guarantee the normal execution of the underlying ES algorithms, OAM system can configure the following policies to the NEs (eNBs);

a.1  Enable energy saving for the network with a HCS cell deployment.

a.2  List the cells to provide basic coverage in the HCS structure into the ES blacklist (prohibit them from entering energy saving state); And, list the cells to provide increased capacity in the HCS structure into the ES whitelist (allow them to enter energy saving state).

a.3 For each cell in the ES whitelist, list the candidate cell which can take over the coverage of the cell. The candidate cell should belong to the ES blacklist and be responsible to wake up the switched-off cell in case of traffic increase.

a.4 Configure the underlying ES algorithms inside the eNB at what load threshold can it decide to let the cell enter or go out of energy saving state. In case of cell switch off, the load threshold should also include the neighbour eNBs’ load threshold which provide coverage backup.

a.5 To avoid ping-pong effect of cell switch off/on, OAM system can also configure a time duration(in a unified way for the whole network) for the ES algorithms in eNB to wait when the traffic load is below the pre-defined load threshold (Slow down the decision to cell switch off).

Configured by the abovementioned ES policies, the eNB can well execute cell switch off/on procedure and interact with its neighbours (providing coverage backup) in an autonomous way. ES policy should not be updated frequently.

3 Conclusions and proposal

This document provides an end-to-end view of a distributed ES solution which combines both OAM ES policy configuration and Rel-9 inter-eNB X2 signalling method. As a preferred way forward of energy saving solution in the SI, we propose that:

· Rel-9 solution (see 2.1) can well fulfil the interaction requirements between eNBs in a cell switch off/on energy saving scenario with a HCS network.

· More enhanced or complementary scenario in the inter-eNB ES use case can be resolved in a way which combines the X2 solution with OAM policy configuration. OAM policy configuration falls into the scope of SA5 work.

· We believe the above mentioned principles is also applicable for the inter RAT case.
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