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1. Introduction
In RAN #58, R12 Energy Saving SID was agreed, in which one of the objective is to study “Inter-eNB energy saving solution for non-overlapping scenario”. This contribution makes some analysis on the difference between overlapping and non-overlapping scenarios, and discusses the issues that need to be considered for non-overlapping energy saving scenarios.
2. Discussion
For overlapping scenarios, solutions for both intra-LTE and inter-RAT energy saving had been studied and standardized. However, there is no conclusion on non-overlapping scenarios. Compared with overlapping scenarios, the non-overlapping scenario is more complicated, and the main difference between the two scenarios is that coverage compensation doesn’t need to be considered in the overlapping scenario, while it is very critical for non-overlapping scenario. 
2.1. OAM-based or Signalling-based approach
In TR36.927 [2], three alternatives are studied for energy saving in non-overlapping scenario as follows,

a) OAM-based approach

b) Signalling-based approach

c) Hybrid OAM and signalling-based approach
OAM-based approach has no impact on RAN specification, which relies on manual network configuration. Signaling-based or OAM-aided hybrid solutions are more preferable since these two approaches could provide more flexibility and need less manual network management efforts, which also conform the principle of energy saving solutions already specified for overlapping scenarios.
Proposal 1: It is proposed to study the signaling-based or OAM-aided hybrid energy saving solution for non-overlapping inter-eNB scenario.
2.2. Coordination between energy saving cell and compensation cell
In non-overlapping scenario case 1, cell A needs to provide compensation for several energy saving cells, as illustrated in the following figure[2].
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Case 1

 Cell A has to be expanded to attempt to cover the area of all the neighbouring energy saving cells. Thus, in this case the so-called ‘under-compensation’ may happen i.e. the compensation candidate cells cannot provide adequate and complete radio coverage for the ES cells. Then there may appear unexpected coverage hole, which should be avoided in the network operation.
Proposal 2:  For non-overlapping scenario, coverage hole should be avoided when energy saving cells entering dormant state.
In non-overlapping scenario case 2, several compensation cells attempt to provide radio coverage for area of energy saving cell A, as illustrated in the following figure.
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Case 2

In this case, it is possible that these compensation cells overlap with each other, i.e. the expansion of each compensation cell exceeds the anticipated boundary, which can be called ‘over-compensation’. If these compensation cells are co-channel, it would cause pilot pollution and interference. As a result, it not only increases unnecessary energy consume, also leads to high intra-frequency interference and the network performance will be deteriorated, . Thus, this phenomenon should be avoided to the utmost. 

Proposal 3: For non-overlapping scenario, pilot pollution and high interference should be avoided when energy saving cell is compensated by its neighbor compensation cells.
2.3. Interworking between energy saving and other optimization functions
To reduce the possibility of coverage hole or interference during energy saving for non-overlapping scenarios, Necessary measurement, e.g. MDT measurement, may needs to be performed in order to discover coverage hole or pilot pollution timely due to inappropriate energy saving/compensation action, since MDT can collect the reference signal measurement to plot the coverage map, and then detect not only coverage hole, also the pilot pollution. 
As thus, in the non-overlapping scenario, the interworking between these feature and MDT function should be considered.
Furthermore, if by the collection of MDT measurement, the coverage hole or pilot pollution is detected, the SON CCO (Coverage and Capacity Optimization) function might be triggered to resolve the discovered problem. For example, if there is no coordination between ES and CCO, after detection of coverage hole, SON CCO may decide to re-activate the dormant cell attempting to fix the hole, which contradicts to the previous energy saving action. Consequently, an endless loop might be generated as the following figure indicated. Therefore, energy saving and compensation function should be coordinated with CCO to avoid the possible endless optimization loop.
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Proposal 4： When study inter-eNB ES solution in non-overlapping scenario, it is suggested to consider the interworking between ES/compensation and other optimization features, e.g. MDT and CCO.
3. Proposal
Based on the analysis in section 2, this contribution provides the following proposals as the way forward for the further study on inter-eNB energy saving solution in non-overlapping scenario.
Proposal 1: It is proposed to study the signaling-based or OAM-aided hybrid energy saving solution for non-overlapping inter-eNB scenario.
Proposal 2: For non-overlapping scenario, coverage hole should be avoided when energy saving cells entering dormant state.
Proposal 3: For non-overlapping scenario, pilot pollution and high interference should be avoided when energy saving cell is compensated by its neighbor compensation cells.
Proposal 4：When study inter-eNB ES solution in non-overlapping scenario, it is suggested to consider the interworking between ES/compensation and other optimization features, e.g. MDT and CCO.
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