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1. Introduction

In energy saving in mobile networks, the decision of when to switch on and off cells is challenging. If an incorrect decision is made, this could lead to less energy saving, poorer service quality, and even loss of service. This contribution shows that load information exchange between nodes (within one RAT) or across RATs is crucial for decision making so that such instabilities can be avoided.  

2. Discussion

We consider the scenario shown in the figure below, applying to both the inter-eNB and inter-RAT energy saving cases.
Cell switch off

We assume that LA is the load in Cell A while LB is the load in Cell B. If the load levels in both cells are sufficiently low, then Cell B can be switched off. However, merely switching of Cell B without any consideration of the load in both Cell A and Cell B is suboptimal. To explain this further, consider the following possible situations: 
· Cell B has medium load level LB preventing Cell B from switching itself off. At the same time Cell A is empty (LA = 0) and can easily serve the load in Cell B. If Cell B autonomously decides not to switch off without consideration of the load level LA (in Cell A) then this results in less energy saving.

· Cell B has low load level LB while Cell A operates at load level LA that just satisfies the desired quality criteria. If Cell B autonomously decides to switch itself off without consideration of load level LA (in Cell A) then when the ongoing traffic is transferred from Cell B to Cell A the quality provided in Cell A might become unsatisfactory. Moreover, unstable ‘ping pong’ behaviour could occur, whereby if Cell A is at an operating point near the minimum quality level (i.e. highest acceptable load level) then Cell B might be switched on/off continuously within short timeframes, with traffic continuously shifting between Cell A and Cell B.

· Cell B has sufficiently low load while Cell A is higly loaded (i.e. cannot accept new connections). If Cell B autonomously decides to switch itself off without consideration of LA then any traffic formerly on Cell B that tries to connect to Cell A will be blocked. In this case the energy saving action is resulting in lost of service.

Solution
To solve the above issue, the loads at both Cell A and Cell B must be considered when making a decision to switch off Cell A. 
One solution, based on exchanging signalling messages between nodes (Solution 3 in the technical report), is for Cell B to request load information from Cell A before it makes a decision to switches off. 
For solutions based on OAM (Solutions 1 and 2 in the technical report), the OAM may use load information from both Cell A and Cell B, and a decision to switch off Cell B can be made by a decision-maker in the OAM.
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3. Text proposal

---------------------------------------------------Text Proposal -------------------------------------------------------------

5.2
Potential solutions for the above scenarios
Solution 1: Cell switch on/off via O&M commands
With this existing solution, the E-UTRAN cell can be switched off/on by the centralized OAM system based on some RAN information, e.g. load information. This information may include the loads of both the coverage-oriented and capacity-boosting cells. And the Intra-RAT and Inter-RAT neighbour nodes should be informed either by the OAM or by the signalling. 

Solution 2: Cell switch on/off autonomously at the RAN node via local policies downloaded by O&M
With this existing solution, the E-UTRAN node can switch the cell on/off according to a certain policy configured by OAM, and its Intra-RAT and Inter-RAT neighbour nodes should be informed, either by the OAM or by the signalling. An example policy would be switching on the cell 3 hours after switching off it or switching off the cell at 0:00 am and switching on it again at 7:00 am. Additionally, for making the on/off decisions the cell might collect load information from neighbour cells either via O&M or signalling across RATs. As a part of energy saving operation, the E-UTRAN node may handover the capable UEs to the UTRAN/GERAN firstly.
Solution 3: Cell switch on/off based on signalling across RATs
With this solution, the capacity boosting E-UTRAN cell may be switched off autonomously based on information available in the cell, e.g. load information. This information may include the loads of both the coverage-oriented and capacity-boosting cells. Switch-on may be performed upon request by one or more neighbour inter-RAT nodes. Intra-RAT and Inter-RAT neighbour nodes should be informed after on/off decision is made.
After that, if some E-UTRAN cells find that it could return to sleep mode, they can switch themselves off again. Note: whether this is an enhancement is FFS.
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6.2
Potential solutions for the above scenarios
In general, inter-eNB energy saving mechanisms should be such that basic coverage is preserved in the network.
Solution 1: Cell switch on/off via O&M commands 

With this existing solution, the E-UTRAN cell can be switched off/on by the centralized OAM system based on some RAN information, e.g. load information. This information may include the loads of both the coverage-oriented and capacity-boosting cells. In this procedure, the neighbour nodes should be informed either by the OAM or by the signalling. 

Solution 2: Cell switch on/off autonomously at the RAN node via local policies downloaded by O&M
With this existing solution, the E-UTRAN node can switch the cell on/off according to a certain policy configured by OAM, and which node could be switched off has been determined before. . Additionally, for making the on/off decisions the cell might collect load information from neighbour cells either via O&M or Inter-eNodeB signalling. After the cell switching on/off procedure, its neighbour nodes should be informed. 

Solution 3: Cell switch on/off based on signalling exchanging
This solution has already been agreed in Rel-9. With this solution, the capacity boosting E-UTRAN cell may be switched off autonomously based on information available in the cell, e.g. load information, to lower energy consumption. This information may include the loads of both the coverage-oriented and capacity-boosting cells. Switch-on may be performed upon request by one or more neighbour E-UTRAN nodes if capacity needs in such cells demand to do so, and the eNB owning the dormant cell should normally obey a request. In this procedure, its neighbour nodes should be informed after on/off decision is made.

After that, if some activated cells find that they could return to sleep mode, they can switch themselves off again. Note: whether this is an enhancement is FFS.
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