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Introduction
The objective of the Study Item (SI) on Network Energy Saving (NES) for E-UTRAN is to identify the relevant scenarios and then study and present possible solutions followed by initial evaluation. Some potential solutions for intra-eNB、inter-eNB and inter-RAT ES are captured in TR 36.927[1]. In this contribution, we present a generalized framework for ES related process with state transition among use cases to give a picture of ES area need for standardization. Identified Release 9 solution is categorized with evaluation flow within the framework. Then an ES parameter exchange based method is proposed 
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Figure1. State transition diagram of a cell operated in ES-related process
Discussion 
Generalized framework for NES
In Figure1, it shows state transition of a cell during ES-related process. We categorize an ES process into one of the four states and explain it in the following:
· Normal state (state 0): the cell does not perform ES but evaluating to do so. 
· ES_with_coverage_change state (state 1): a cell enters dormant mode or shrinks its coverage as a result of performing ES.
· ES_without_coverage_change state (state 2): a cell performs ES without coverage change, UEs do not explicitly aware of the operation.
· ES_compensate state (state 3): a cell enlarges its coverage to compensate fully or partly of neighbor cell(s).
Generally speaking, in each state a cell executes three steps to evaluate if it should enter to the other state or remain in the same state. The three steps are observation step, decision step and action step. Evaluation flow for a cell in each state is shown in Figure 2. In observation step, in addition to its own information, one cell collects information either from OAM, other cell(s) or UE (can be combination of these choices). With the available information, the cell makes decision based on certain policy, or order from OAM or other cell. After that, in action step a cell changes its state or not. The output information can be request/response related decision result, decision rule, ES-related information or any combination of them through different link. The cell may also request its neighbor cell to change state or output information.
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 Figure2. Evaluation flow in one state
 
With the status classification, a cell involved in one of the following use cases considered in current ES TR can be identified as in one of the four states.
· Intra-eNB ES: can be state 0 or state 2
· Inter-eNB ES: can be state 0 or state 1 or state 3
· Inter-RAT ES: can be state 0 or state 1 
In addition to Normal state, an intra-eNB ES capable cell also has ES_without_coverage_change state. For an inter-eNB/inter-RAT ES capable cell, it has ES_with_coverage_change state. A cell capable of compensating for other ES cell has ES_Compensate state. The state and state transition availability depends on the ES capability for a cell. It may be configured by the OAM or by other cells. The configuration is also involved in the framework in state 0. A combination of the above cases can exist in one cell for more flexible ES, at the expense of more complexity in implementation. 
The generalized framework described in the above can be applied to both centralized ES solution and distributed ES solution. Taking distributed inter-eNB ES solution for example, state transition of ES cell is between state 0 and state 1. The decision rule is OAM configured [2]. The input/output are signaled between eNB over X2 interface. 
Existing solution in Release-9
In this SI, it is specified that the enhanced ES functionality has to be backwards compatible with the already standardized Release-9 functionality [3]. It is mentioned for switching off decision that “The decision is typically based on cell load information, consistently with configured information. The switch-off decision may also be taken by O&M.” The standardized energy saving functionality available in Release-9 assumes the property that the decision to enter dormant mode is taken by the cell available to enter dormant mode on locally available information. 
Mapping the E-UTRAN cell performing Release 9 inter-eNB ES in Hierarchy Cell Structure (HCS) into the generalized framework, it is summarized in Table 1 and described in the following:
1. One ES candidate cell has state 0 and state 1 and the coverage cell only has state 0 (They may have state 2 but not considered here for simplicity.).
2. From state 0 to state 1, input to the cell can be OAM or none (not explicitly specified). The ES cell decision is typically based on local policy: load information, or OAM signaling. Output information is switch-off decision and the reason. Upon receiving the information as input, neighbor cells include coverage cell(s) update the ES-cell configuration as decision result. No output and state transition 
3. From state 1 to state 0, input is switch-on request from coverage cell(s) or OAM, decision rule is other cell or OAM decision. Output is action result to the requesting cell or all neighbor cells.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Therefore, standard impacts are X2 signaling with input/output and OAM capability for operation ES function.
Table1 Analysis of Release 9 ES solution
	
	Switch off
	Switch on

	Concerned transition
	0→1
	0→0
	1→0
	0→0

	Involved cell
	ES-cell
	Coverage(Co)-cell
	ES-cell
	Co-cell

	Observation inputs 
	OAM signal or itself load (not explicit specified)
	Switch-off information and reason from ES-cell
	OAM decision or other cells switch-on request
	not explicit specified

	Decision based on
	Policy: typically Load information or OAM signaling 
	Capacity needs
	Other cell decision
OAM signaling
	Capacity need

	Action outputs
	Switch-off information and reason to neighbor cells 
	No
	Switch-on information to neighbor cells
	Request ES-cell to switch on


Possible enhancement to Release-9 solution for inter-eNB ES
Release-9 solution for inter-eNB ES is a decentralized solution with state transition from 0 to 1 and from 1 to 0. One of the switch-off modes does not depend on any input. A cell capable of four state and direct state transition can bring more flexible and energy efficient network operation. Yet it is of high complexity for a system in which cells can operate in many ES state in inter-RAT environment. Finding an optimized strategy is also difficult.
In [4], it is depicted that a decentralized solution based on pure local switch off decisions followed by switch off notifications towards neighbours could introduce problems, including risk in creating coverage holes and instability with no knowledge of neighbor cell situation. And it is hard to achieve a near-optimum status with respect to energy efficiency from network perspective.
In [4], [5] and several contributions, it is proposed to exchange ES parameter to help capacity boosting cell to switch on/off more efficiently. Here based on the work in [5], we further propose the coverage cell being able to configure state transition policy of its coverage boosting cell to some default policy, such as based on load information or others, as the enhancement to Release-9 inter-eNB ES solution. Cooperating with other ES parameter exchange and OAM configuration, coverage cell becomes a pseudo controller for centralized ES. A capacity boosting cell can transit among each state including compensation state with coverage cell control [6]. A Release-9 capacity boosting cell can interwork ES function with other cells in a network. 
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Figure5. ES parameter exchange based enhancement to Release 9 switch-off solution

Several solutions are captured in TR 36.927 for different purposes. Some are used for switch-on, some are used for switch-off. These solutions including Release 9 inter-eNB solution are briefly summarized with the generalized framework in Table2. A more detailed classification can fill the evaluation step in the table for more clear comparison between each proposal. It is shown that the concerned state transition excludes state 1->2, 2->1, 1->3, 3->1 and etc.
Table2. Summary of concern transition of ES solution documented in TR36.927 
	
	
	Criteria
	Concern transition 
	Remark(input/decision rule/output)

	Inter-eNB energy saving

	Scenario1
	Release-9 solution
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]1->0
0->1
	

	
	
	Switching on based on predefined low-load periods
	1->0
	

	
	
	Switching on based on IoT measurement
	1->0
	

	
	
	Switching on based on UE measurement
	1->0
	

	
	
	Switching on based on positioning
	1->0
	

	
	Scenario2
	Cell switching on/off based on OAM decisions
	1->0
0->1
3->0
0->3
	

	
	
	Cell switching on/off based on signalling exchange
	1->0
0->1
3->0
0->3
	

	Inter-RAT energy saving
	
	The switch-on decision may also be taken by O&M
	1->0
	

	
	
	Cell switch on/off based on signalling across RATs; assistance for  switch on decisions based on:
	No assistance
	1->0
0->1
	

	
	
	
	Predefined low load periods
	1->0
0->1
	

	
	
	
	IoT measurements
	1->0
	

	
	
	
	UE measurements
	1->0
0->1
	

	
	
	
	Positioning information
	1->0
0->1
	

	Intra-eNB energy saving
	
	
	0->2
2->0
	



Conclusion 
The objective of ES SI is to identify and evaluate potential solutions for energy saving in E-UTRAN, and a subset of them can be used as the basis for further investigation and standardization. To provide a systematic view for ES, we present a generalized framework to analyze ES solution. From the analysis on Release 9 inter-eNB solution, it is shown there are state transitions to be examined the need for further specification. Then an ES parameter exchange based solution is presented. With the method, the coverage cell can become ES function controller in the network. Coordination with other solution for realizing a more energy efficient network is possible. Based on the work, we have the following proposal: 
Proposal 1: To include the presented generalized framework and filled the summarized Table 2 in TR.
Proposal 2: To includes the solution for the non-capacity boosting cell being able to configure state transition policy of a capacity boosting cell in TR, and to consider it for further standardization. 
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