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1 Introduction 

Study on Energy Saving Enhancement for E-UTRAN RP-122035 [1] was approved at TSG RAN#58 to investigate various proposals for saving energy in LTE-Advanced networks with minimal impacts to related nodes and user experience. In this contribution, we evaluate the solutions proposed as part of the study and documented in TR 36.887 [2]. A detailed evaluation of solutions and way forward was proposed in R3-132157 [3], whereas in this contribution we try to focus on evaluating the solutions currently proposed for single compensating eNB energy saving scenario.
2 Discussion
2.1 General Consideration
In this section, we present some general considerations to be taken into account as part of the study. Currently there are various solutions documented in TR 36.887 [2], which tackles various issues identified as part of the study. Mainly scenarios are classified into inter-eNB energy saving scenario, single compensating eNB scenario, and multiple compensating eNB and transmit power optimization scenario. For the single compensating eNB scenario, five issues have been identified and various solutions have been proposed for each of the issues. The solutions for each issue and their evaluations are done in this contribution.
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Figure 1: Single compensating eNB scenario TR 36.887 [2].

2.2 Solution Evaluation

The issues identified in TR 36.887 [2] are listed below, and related solutions are evaluated according to the agreed format.
Issue 1:
This issue deals with the impact on MRO algorithm due to energy saving actions. Since the handover relations might change with the neighbor cells, solutions are required for new neighbor cell relations and HO parameterization. Currently, three solutions have been proposed for handling this issue. Solution 1.1 proposes to introduce a new indicator to inform neighbors over X2 interface regarding the configuration change. Solution 1.2 proposes to have the compensating cell appear as a different cell (with different ECGI/PCI) after entering the energy saving state. According to solution 1.3, the OAM configures the cells with respective MRO parameters, and eNB informs OAM of MRO parameters optimization. The solutions for this issue are evaluated and compared in the table 1 below:
Table 1 Evaluation of solutions for issue 1.
	
	Solution 1.1
	Solution 1.2
	Solution 1.3

	Complexity
	Medium
Since the solution involves sending new indicators for the configuration change, it involves some complexity in terms of handling the information exchanged.
	High
Since coverage extension would also involve change in ECGI/PCI values, this solution involves impacts on all related network entities such as – eNB, OAM, core network signaling load, etc. the complexity of the solution can be considered high. As analyzed in R3-132157 [3], ECGI/PCI change would have increased signaling load to the core network due to features such as location based charging. Also, as described in TR 36.887 [2], this solution could require solution 1.1 to work on top of it. The impact on RRC_IDLE UEs due to this solution needs to be further analyzed.
	Low
The solution mainly has impacts on OAM, related impacts on eNB are assumed to be implementation-specific.

	Potential ES gain
	N.A.

The solutions are for handling MRO issues that arise from taking energy saving action and hence do not have associated gains.
	N.A.
	N.A.

	Specification impact
	Medium
There are impacts in RAN3 specifications for defining the new indicator to be sent over X2 interface.
	Low – Medium
The impact would be low if mobility parameters need not be adjusted. If they need to be adjusted, the specification impacts for 1.1 would be applicable here, on top of the possible impacts due to this solution.
	N.A.
The changes are assumed to be done in an implementation specific manner with support from OAM, thus there is no specification impact foreseen.

	OAM impact
	Low
OAM impacts are perceived to be low, and are assumed to be limited to the basic configuration settings.
	Low
Similar to solution 1.1, but there are OAM impacts for setting configurations related to ECGI/PCI changes during energy saving state.
	High
Since all configurations for this solution are done by the OAM, the impacts are high.

	eNB impact
	Medium
Since the new indication related to MRO needs to be processed, there are eNB impacts due to this solution.
	Medium
Since this solution is purely eNB based, there would be significant impacts to the eNB implementation.
	Medium
The MRO-related information received from OAM entity while entering energy saving state would have eNB implementation impacts.

	UE impact
	None
	None
	None


Issue 2:

Currently the solutions proposed for this issue of informing neighbor cells regarding configuration change in compensation cells are proposed to require further study. The descriptions of both solutions are the same, apart from the ECGI/PCI change aspect. It would be important to understand the details of this solution so that detailed analysis can be made. 
Issue 3:

This issue deals with means for providing service continuity to RRC-Connected UEs, served by the cell which will move to Energy Saving Mode (ES cell). Detailed description of the four solutions proposed for this issue can be found in TR 36.887 [2].
The solutions for this issue are evaluated and compared in the table 2 below.
Table 2 Evaluation of solutions for issue 3.
	
	Solution 3.1 
	Solution 3.2
	Solution 3.3
	Solution 3.4
	Solution 3.5

	Complexity
	Low

This solution seems to be independent from the rest, and it is unclear how continuous service for RRC_Connected UEs can be provided using this.
	Low
Currently defined procedures for HO preparation can be reused. Possible optimizations would be required for sending this information in the most efficient manner (in case of multiple UE information exchange)

The solution also seems like it doesn’t enable service continuity, rather rely of service re-establishment after disruption
	Medium
Since it involves switching UEs to different frequencies for enabling smooth handover, it is slightly more complex as compared to 3.1 and 3.2.
	Medium
Similar to 3.3 except same frequency is being used along with ABS configurations.


	Medium
Requires coordination between CS and ES cells for coordinating transmit power as well as seamless transitioning of UEs between cells.

	Potential ES gain
	N.A.
Since the solution deals with coordinating increase/decrease of transmit power between CS/ES cells.
	N.A.
Since solution deals with service continuity
	N.A.
	N.A.
	N.A.

	Specification impact
	Medium
The messages for coordinating the timer for transitioning would need to be standardized.
	Low
No specification impact is foreseen, can be implemented using existing standards.
	Low
No specification impact is foreseen, since multiple carrier deployments are assumed.
	Low

No specification impact is foreseen.
	Medium-High
Impact depends on what exact information regarding TX power adaptation.

	OAM impact
	N.A.
None of the solutions have OAM impacts mentioned
	N.A.
	N.A.
	N.A.
	N.A.

	eNB impact
	Medium
Since all solutions essentially involve coordinated transmit power adaptation, there would be at least medium impact on the eNB.
	Medium
	Medium
	Medium
	Medium

	UE impact
	None
	None
	None
	None
	None


Issue 4:

This issue deals with the compensating cell appearing as a different cell (with different ECGI/PCI) after energy saving mode transition solution, discussed above as part of Issue 1 in Single compensation eNB scenario. Solutions proposed for this issue aims to provide service continuity to RRC-Connected UEs served by the CS cell during the transition to ES state. Both solutions proposed for this issue assumes multiple carriers at CS cell (4.1) and on both cells (4.2). The case where multiple carriers are not available is not discussed. The evaluations are as shown below:
Table 3 Evaluation of solutions for issue 4.
	
	Solution 4.1
	Solution 4.2

	Complexity
	Medium
Here CS cell is switched off as well, whereas in other solutions only ES cells are switched off, adding additional complexity.
	Medium
Solution seems quite similar to 4.1 except the multiple carrier considerations.

	Potential ES gain
	Medium-High
ES gains are similar for both solutions since ES cells are ultimately switched off. The exact gains would depend on the amount of compensation, for e.g. in terms of transmit power increase that needs to be done.
	Medium-High

	Specification impact
	Low
Since both solutions assume multi-carrier scenario, the solution can possibly be implementation specific.
	Low

	OAM impact
	Low
OAM impacts have not been described in the solutions, and hence are not foreseen
	Low

	eNB impact
	Low
Similar as spec impact.
	Low

	UE impact
	None
	None


Issue 5:

The signalling mechanism to be used for switch on/off cells requires a definition.

OAM has pre-configured a set of coverage configurations for a limited number (typically 2) of network states for a given geographical area.

Solution 5.1:
OAM decides based on information from eNBs.
Solution for issue 5 is assumed to be based on OAM TR 36.887 [2], due to which no specific evaluation has been done here. The impacts would be limited to OAM alone, with no specification or other impacts foreseen. The ES gain would again depend on the compensation action taken.
Based on the evaluations done in this section, we make the following proposal.
Proposal 1: RAN3 is requested to consider the above evaluations and document them in TR 36.887.
3 Conclusion and Proposals

In this contribution, we provide an initial analysis of issues and solutions proposed for this study, and provide a way forward in terms of an unified solution which could be considered as an initial decision making step. The proposed way forward is independent of the different scenarios considered for this study. The following proposals are made:

Proposal 1: RAN3 is requested to consider the above evaluations and document them in TR 36.887.
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