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1 Introduction

In previous meetings, the issues related to inter-RAT and inter-eNB energy saving have been discussed and included in the TR [1], however, whether these solutions are feasible or how many impacts will be introduced should be evaluated, then further conclusion could be made. In this contribution, we try to provide some discussion on the criteria and initial evaluation for those solutions. 
2 Discussion

2.1 Discussion on evaluation criteria
Firstly, some criteria should be defined for the initial evaluation, and in the table below, some aspects for evaluating are proposed as the criteria.
	Criteria
	Description

	Feasibility
	This criterion evaluates on whether the solution is feasible for the specific issue

	Potential gain
	This criterion evaluates on how much gain brought by the specific solution

	Specification impact
	This criterion initially evaluates on how many impacts will be introduced to the specification

	OAM impact
	This criterion evaluates on how many impacts will be introduced to the OAM

	eNB impact
	This criterion evaluates on how many impacts will be introduced to the eNB implementation

	UE impact
	This criterion evaluates on whether there is some UE impact


Proposal 1: Those criteria listed above are proposed to be the evaluation criteria for energy saving solutions in RAN3.
2.2 Initial evaluations on solutions for inter-RAT issues

Basic procedure of cell switch on/off

There are three basic procedures for inter-RAT cell switching on/off, two of them are totally OAM based solutions and another one is based on RAN specification modification. 

	Criteria
	Solution 1
	Solution 2
	Solution 3

	Feasibility
	Feasible
	Feasible
	Feasible

	Potential gain
	Only supporting static or semi-static energy saving solution
	Only supporting static energy saving solution
	Dynamically supporting the cell switching on/off in inter-RAT case, and some gain for energy saving could be foreseen.

	Specification impact
	No RAN specification impact
	No RAN specification impact
	Inter-RAT information exchanging is needed

	OAM impact
	Energy saving algorithm and corresponding measurements should be defined
	 The condition for cell switching off should be determined by the OAM.
	The threshold for cell switching off should be determined by the OAM.

	eNB impact
	No big impact on eNB
	eNB determines when to switching on/off based on the guidance of OAM 
	Some implementation, e.g. how to determine the cell switching off, should be defined in eNB.

	UE impact
	No UE impact
	No UE impact
	No UE impact


Based on the comparison table above, the inter-RAT energy saving solution 3 could dynamically supporting the cell switching on/off in inter-RAT case, therefore, 

Proposal 2: The solution for inter-RAT energy saving need to be specified in later release.
How to switch on the correct cells

When the E-UTRAN hotspot cells are not switched off and the load increases, the coverage cells may not know which cell should be woken up for offloading, especially when the increasing load is in the area covered by one or a few hotspots. There are six solutions for this issue, and the initial evaluation is as follows.
	Criteria
	Solution 1
	Solution 2
	Solution 3
	Solution 4
	Solution 5
	Solution 6

	Feasibility
	Feasible
	Feasible
	Feasible
	Feasible
	Feasible
	Feasible

	Potential gain
	Possible to select the right cell to be switched on
	Need longer time to determine which cell should be switched on
	Shorter time and more energy efficient to determine which cell should be switched on
	Shorter time and more energy efficient to determine which cell should be switched on
	Shorter time and more energy efficient to determine which cell should be switched on
	Shorter time and more energy efficient to determine which cell should be switched on

	Specification impact
	No RAN specification impact
	Based on solution 3 of basic procedure, no other specification impact
	Inter-RAT information exchanging is needed
	Inter-RAT information exchanging is needed
	Inter-RAT information exchanging is needed
	Inter-RAT information exchanging is needed

	OAM impact
	Specific algorithm should be defined in OAM
	No impact on OAM
	No impact on OAM
	No impact on OAM
	No impact on OAM
	No impact on OAM

	eNB impact
	eNB determines when to switch on based on OAM’s  guidance
	No big eNB impact
	Some impact on eNB for supporting information exchanging and corresponding algorithm implementing 
	Some impact on eNB for supporting information exchanging and corresponding algorithm implementing
	Some impact on eNB for supporting information exchanging and corresponding algorithm implementing
	Some impact on eNB for supporting information exchanging and corresponding algorithm implementing

	UE impact
	No UE impact
	No UE impact
	No UE impact
	No UE impact
	No UE impact
	No UE impact


Based on the above comparison, OAM solution and the solution based on basic procedure solution 3 are not energy efficient at all, furthermore, these two solutions also need longer time for determining the right cell to be switched on, therefore, 
Proposal 3: The solution for how to switch on the right cell for inter-RAT scenario need to be specified in later release.

How to switch off the cell efficiently

The condition to enter the energy saving depends on implementation based on the basic procedure. Because the implementation in different nodes may be different, the network may enter a suboptimal operating point from global energy saving point of view.  Furthermore, if multiple hotspot cells are switched off, an overload problem may occur in the coverage cell because it may not be able to accommodate all the traffics. Therefore, we should determine how to efficiently switch off the cell. There are two solutions and the initial evaluations are as follows.
	Criteria
	Solution 1
	Solution 2

	Feasibility
	Feasible
	Feasible

	Potential gain
	Could switch the cell off from whole network point of view
	Could switch the cell off from whole network point of view

	Specification impact
	Inter-RAT information exchanging is needed
	Inter-RAT information exchanging is needed

	OAM impact
	No impact on OAM
	No impact on OAM

	eNB impact
	eNB should determine which cell should be switched off
	eNB should determine which cell should be switched off

	UE impact
	No UE impact
	No UE impact


Based on the comparison above, there is no big difference between these two solutions, and some gain could be foreseen from these two solutions, therefore,
Proposal 4: The solution for how to switch off the cell efficiently in inter-RAT scenario need to be specified in later release.

Information exchange for coordination

To perform energy saving efficiently, the energy saving metrics of cells may be adjusted and coordinated according to some inputs from neighbour cells. 
	Criteria
	Solution 1

	Feasibility
	Feasible

	Potential gain
	May obtain a better energy efficiency with more information exchanging

	Specification impact
	Inter-RAT information exchanging is needed

	OAM impact
	No impact on OAM

	eNB impact
	eNB  may consider  those information for cell switching on/off decision

	UE impact
	No UE impact


When determining the cell switching on/off, some information, e.g. traffic threshold, time duration, power consumption and so on, could be considered. 
Proposal 5: To perform energy saving efficiently, other energy saving related information exchange ( e.g. traffic threshold, time duration, power consumption and so on) need to be considered in inter-RAT scenario in the later release.
2.3 Initial evaluations on solutions for inter-eNB issues

Basic procedure of cell switch on/off

There are three basic procedures about inter-eNB cell switching on/off, two of them are totally OAM based solutions and another one has been specified in Rel-9.
	Criteria
	Solution 1
	Solution 2
	Solution 3

	Feasibility
	Feasible
	Feasible
	Feasible

	Potential gain
	Only supporting static or semi-static energy saving solution
	Only supporting static energy saving solution
	Dynamically supporting the cell switching on/off in inter-eNB case, and some gain for energy saving could be foreseen.

	Specification impact
	No RAN specification impact
	No RAN specification impact
	Already been specified in Rel-9

	OAM impact
	Energy saving algorithm and corresponding measurements should be defined
	The condition for cell switching off should be determined by the OAM.
	The threshold for cell switching off should be determined by the OAM.

	eNB impact
	No big impact on eNB
	eNB determines when to switching on/off based on the guidance of OAM
	Some implementation, e.g. how to determine the cell switching off, should be defined in eNB.

	UE impact
	No UE impact
	No UE impact
	No UE impact


How to switch on the correct cells

When the hotspot cells are not active and the load increases, coverage cells may not know which cell should be activated, especially when the increasing load is in one or few hotspots. There are five solutions for this issue; furthermore, the basic procedure could also handle this issue and listed as solution 6 here. The initial evaluation is as follows.

	Criteria
	Solution 1
	Solution 2
	Solution 3
	Solution 4
	Solution 5
	Solution 6

	Feasibility
	Feasible
	Feasible
	Feasible
	Feasible
	Feasible
	Feasible

	Potential gain
	Possible to select the right cell to be switched on
	Shorter time and more energy efficient to determine which cell 
	Shorter time and more energy efficient to determine which cell should be switched on
	Shorter time and more energy efficient to determine which cell should be switched on
	Shorter time and more energy efficient to determine which cell should be switched on
	Need longer time to determine which cell should be switched on should be switched on

	Specification impact
	No RAN specification impact
	Inter-eNB information exchanging is needed
	Inter-eNB information exchanging is needed
	Inter-eNB information exchanging is needed
	Inter-eNB information exchanging is needed
	No specification impact

	OAM impact
	Specific algorithm should be defined in OAM
	No impact on OAM
	No impact on OAM
	No impact on OAM
	No impact on OAM
	No impact on OAM

	eNB impact
	eNB determines when to switch on based on OAM’s  guidance
	Some impact on eNB for supporting information exchanging and corresponding algorithm implementing
	Some impact on eNB for supporting information exchanging and corresponding algorithm implementing
	Some impact on eNB for supporting information exchanging and corresponding algorithm implementing
	Some impact on eNB for supporting information exchanging and corresponding algorithm implementing
	No eNB impact

	UE impact
	No UE impact
	No UE impact
	No UE impact
	No UE impact
	No UE impact
	No UE impact


Based on the above comparison, OAM solution and the solution 6 based on solution 3 of basic procedure are not energy efficient at all, because these two solutions also need longer time for determining the right cell to be switched on, therefore, 

Proposal 6: The solution for how to switch on the right cell for inter-eNB scenario need to be specified in later release.

How to switch off the cell efficiently

According to the release 9 solution for energy saving, the condition to enter the energy saving mode is an implementation issue. Because the implementation may be different between nodes, the network may enter a suboptimal operating point from a global energy saving point of view. Furthermore, when there are multiple cells which may enter dormant mode, cells providing coverage may not be able to accommodate the cumulated traffics. Therefore, we should determine how to efficiently switch off the cell. There are two solutions and the initial evaluations are as follows.
	Criteria
	Solution 1
	Solution 2

	Feasibility
	Feasible
	Feasible

	Potential gain
	Could switch the cell off from whole network point of view
	Could switch the cell off from whole network point of view

	Specification impact
	Inter-eNB information exchanging is needed
	Inter-eNB information exchanging is needed

	OAM impact
	No impact on OAM
	No impact on OAM

	eNB impact
	eNB should determine which cell should be switched off
	eNB should determine which cell should be switched off

	UE impact
	No UE impact
	No UE impact


Based on the comparison above, there is no big difference between these two solutions, and some gain could be foreseen from these two solutions, therefore,

Proposal 7: The solution for how to switch off the cell efficiently in inter-eNB scenario need to be specified in later release.

Information exchange for coordination

To perform energy saving efficiently, the energy saving metrics of cells may be adjusted and coordinated according to some inputs from neighbour cells. 

	Criteria
	Solution 1

	Feasibility
	Feasible

	Potential gain
	May obtain a better energy efficiency with more information exchanging

	Specification impact
	Inter-eNB information exchanging is needed

	OAM impact
	No impact on OAM

	eNB impact
	eNB  may consider  those information for cell switching on/off decision

	UE impact
	No UE impact


When determining the cell switching on/off, some information, e.g. traffic threshold, time duration, power consumption and so on, could be considered here. 

Proposal 8: To perform energy saving efficiently, other energy saving related information exchange ( e.g. traffic threshold, time duration, power consumption and so on) need to be considered in inter-eNB scenario in the later release.
3 Conclusion

In this contribution, we discuss the evaluation criteria for energy saving solutions and some proposals are provided as follows.
Proposal 1: The criteria proposed are considered to be the evaluation criteria for energy saving solutions in RAN3.

Proposal 2: The solution for inter-RAT energy saving need to be specified in later release.

Proposal 3: The solution for how to switch on the right cell for inter-RAT scenario need to be specified in later release.

Proposal 4: The solution for how to switch off the cell efficiently in inter-RAT scenario need to be specified in later release.
Proposal 5: To perform energy saving efficiently, other energy saving related information exchange ( e.g. traffic threshold, time duration, power consumption and so on) need to be considered in inter-RAT scenario in the later release.
Proposal 6: The solution for how to switch on the right cell for inter-eNB scenario need to be specified in later release.

Proposal 7: The solution for how to switch off the cell efficiently in inter-eNB scenario need to be specified in later release.

Proposal 8: To perform energy saving efficiently, other energy saving related information exchange ( e.g. traffic threshold, time duration, power consumption and so on) need to be considered in inter-eNB scenario in the later release.
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