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1. Introduction

At present, sustainable development is a long-term commitment for all people. Telecom industry should do their best to handle resource shortage and to reduce environment degradation. Most mobile operators aim to decrease power consumption without a noticeable impact in their networks performance. Following this target of smart energy utilization, not only environment will be benefit, but also operators will reduce operation costs (OPEX) with less radio transmitted power.  

With the deployment of new wireless networks, as E-UTRAN, interference reduction and energy consumption considerations are becoming an important topic. This has been captured in TR 36.927 [1], where there are analyzed three uses cases:

· Inter-RAT energy saving 

· Inter-eNB energy saving

· Intra-eNB energy saving

For inter-eNB energy saving, two scenarios have been defined in TR 36.927. In the scenario 2, three solutions have been considered, based on a hierarchy that defines two classes of cells, compensation cells and energy saving cells. The first solution is based on OAM, in which the cells switch on/off based on an algorithms configured by OAM, with low impact on eNB but with high impact on OAM. The second solution is a signalling based solution that is based on inter-cell coordination, being OAM only optionally needed to indicate which cells are configured as compensation cells  and which are configured as  energy saving cells. As third solution, it is included a hybrid mechanism, based on both signalling and OAM based procedures.

Actually, depending on the used parameters configuration, this hybrid approach could behave as any of the first two approaches, allowing several other possibilities that add to it more flexibility and adaptability to different scenarios for energy saving procedures.
In the hybrid OAM and signalling solution, the cells are preconfigured as potential compensation cells or energy saving cells by OAM, and OAM also communicates the values of some parameters that manage the switching on/off algorithm of the cells.
The aim of this contribution is to analyze scenarios with energy saving cells and compensation cells, pointing out which are the standardization needs for possible approaches to the foreseen energy saving mechanisms.

2. Discussion
In TR 36.927 [1] two scenarios of inter eNB energy saving are considered. In the scenario 1 the basic coverage cells have switch on/off control of their owned capacity booster cell  and in the scenario 2 compensation cells provide coverage if  energy saving cells initiate dormant mode.  Next figure, presents Figure 6.2.1-1 in TR 36.927, with the two approaches.
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Figure 1. Inter-eNB scenario 2 for energy saving
This contribution analyze the requirements of the three solutions presented in [1] for this scenario 2:
· OAM based solution. This solution relies on OAM control, that would use long term statistics or fixed wake-up/ dormant periods for the energy saving cells. This represents a solution that is less able to adapt to real time changes than the signalling based solution. The decision to enter or leave the dormant state, is made by each energy saving cell accordingly with the commands received from the OAM. On the other hand, this solution supposes a low impact in the eNBs and presents the advantage of a high level of network control from OAM central point, and therefore stable and independent of actual network behaviour. 

· Signalling based solution. In this solution the cells are aware of whether they are compensating cells or energy saving cells. The final decision of changing from active to dormant state (and vice versa) is made by compensation cells, based on information from the UEs in their coverage area, and information exchange with the energy saving cells. This solution has a small impact on OAM, but has appreciable impact on specifications and needs of signalling load between eNBs, through intercell  X2 messages. The solution is highly flexible because it can react on real time to load changes but does not include the possibility to adjust cell group coverage parameters, and this can lead to inadequate group coverage resulting in deployment coverage holes or excessive intercell interference. For example, if basic coverage is considered for indoor there is not a clear mechanism to be changed to outdoor, cell with overreach due to street canyons, cells with short radius due low antenna high and surrounding obstacles, etc.  Also, in this approach there is a lack of the possibility of operator central control on system behaviour, leading to no possibilities to react in case of on possible dysfunctions on the energy saving mechanism.
· Hybrid OAM and signalling based solution. This solution combines the flexibility and the real time reaction of the signalling based solution with the possibility of the individual cell group coverage control offered by OAM. The goal of the hybrid approach is to increase the functionality of the energy saving scenario 2 adding the possibility of the OAM coverage control to the signaling-based approach. To implement this hybrid approach it is necessary that OAM defines the compensation and energy saving cells, and also some cell-coverage control parameters that will configure the energy saving algorithms running in the eNBs.
From the analysis of the exposed characteristics of these three approaches, our understanding is that several communalities exist among all scenarios, but several possible implementations need to be defined.
1. In order to develop any of the energy saving mechanisms as first step it should be defined a “Area Coverage Cluster” (ACC) , composed by one or more “energy saving cells” (ESC) and one or more “compensation cells” (CC). As a fundamental rule ACC should be selected in such a way that in case all ESC belonging to an ACC are in dormant mode, coverage provided by CC meets the coverage requirements set by operators. There are two possible approach for configuring  an ACC

a. ACC are established by operator OAM, based on radio planning parameters, and communicated from OAM to ESC and CC.

b. Design a procedure for cells to auto-configure ACCs based on information from UEs in the cell, and exchanged information with neighbor cells.

Proposal 1: Define Area Coverage Cluster (ACC) as the set of energy saving cells and compensating cells for which energy saving procedures are specified.
Proposal 2: ACC creation and management will be ruled and communicated from operator OAM , assigning Energy Saving Cell (ESC)  or Compensation Cell (ESC) roles on the ACC
2. Decision of ESC to change from active to dormant mode is made by ESC.  There are three possibilities for the ESC to take the decision to change to dormant state:
a. Proprietary algorithm running in each ESC. In this case there are two approaches 

i.  Algorithm is based only on ESC served UEs information. 
1. Notification to other ACC cells of  ESC change to dormant mode need to be specified

ii. Algorithm is based on ESC served UEs information, and information from other ACC cells

1. Information exchange from other cells in the ACC and the ESC need to be specified

2. Notification to other ACC cells of  ESC change to dormant mode need to be specified

b. 
Proprietary algorithm running in OAM. In this option OAM directly “command”   individual ESC. 

i. Algorithm is based only on static values of radio planning  
1. A  mechanism for “commanding” ESC state from OAM need to be specified 

2. Notification from OAM to other ACC cells of  ESC change to dormant mode need to be specified
ii. Algorithm is based on both radio planning static values and ACC cells information 

1. Information exchange from ACC cells and OAM need to be specified

2. A  mechanism for “commanding” ESC state from OAM need to be specified 

3. Notification from OAM to other ACC cells of  ESC change to dormant mode need to be specified
c. Standardized algorithm running on ESC and configured by a parameter set sent from OAM. 

i. OAM decision on parameter set is only depending on radio planning values
1. A  mechanism for communicating the parameter set from OAM to ESC need to be specified 

2. Notification to other ACC cells of  ESC change to dormant mode need to be specified

ii.  OAM decision on parameter set depends on  both radio planning static values and ACC cells information           

1. Information exchange from ACC cells and OAM need to be specified

2. A mechanism for communicating the parameter set from OAM to ESC need to be specified
3. Notification to other ACC cells of  ESC change to dormant mode need to be specified

For Options  “b. ii.” and “c.ii.” in order to OAM timely response to ACC cells information, an in order to downsize the need of  communications with the OAM, it seems that a good architecture approach will be to create the figure of a ACC coordinator, corresponding to one of the ACC cells,  in which OAM algorithms (for direct ESCs command or for parameter set) is running. 

Proposal 3. Define the ACCCO as ACC COordinator, to which cells in an ACC will sent requested information if needed, and from which commands or parameter set will be received for ESC algorithm control. 

As a possible implementation of the proposed idea figure 2 shows a mechanism,  considering the   TR 36.927 scenario 2, assuming the situation an ACC in which the compensating eNB (CC) acts as a ACCCO, sending switch off/on commands or parameters to a group of energy saving cells (ESC).
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Figure 2. Coordination process between an ACCCO and ESC in the ACC 
3. Decision and method for ESC change from dormant  to active mode need  also to be analyzed in similar way
3. Conclusion
Accordingly with the discussion included in this paper several proposal are made for future definition of Energy saving mechanisms.
· Proposal 1: Define Area Coverage Cluster (ACC) as the set of energy saving cells and compensating cells for which energy saving procedures are specified.

· Proposal 2: ACC creation and management will be ruled and communicated from operator OAM , assigning Energy Saving Cell (ESC)  or Compensation Cell (ESC) roles on the ACC

· Proposal 3. Define the ACCCO as ACC coordinator, to which cells information will be sent if needed, and from which commands or parameter set will be received for ESC algorithm control. 
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