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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 inter-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 four scenarios depending on the energy saving actions involved. Inter-eNB scenario which mainly involves energy saving actions related to switching ON/OFF capacity booster cells, deployed within the coverage of a macro cell, as shown in Figure 1.
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Figure 1: Inter-eNB Energy Saving Scenario TR 36.887 [2]
Apart from considering the requirements and evaluation criteria for energy saving solutions, as mentioned in R3-132157 [3], we would like to propose to have generic solutions which are independent of cell type restrictions. This is essential, since inter-eNB can be considered as a subset of LTE coverage layer scenario having single or multiple compensating cells. Essentially, once cells are switched OFF, there needs to be mechanisms and criteria for activating them. In that sense, solutions for inter-eNB scenarios are equally applicable for LTE coverage scenarios as well. 

Proposal  AUTONUMLGL  \e : Solutions considered as part of energy saving enhancements study needs to be generic, independent of cell type and other deployment scenario considerations. 
For further supporting this proposal, consider the LTE Coverage layer scenarios as shown in Figure 2, with UE-1 and UE-2 located as shown after energy saving actions have been taken. It needs to be discussed whether different energy saving actions taken based on UE subscriber type needs to be considered in this scenario as well. UE-2 (or for e.g. multiple UEs) within coverage area of switched OFF ES cells should necessitate the activation of switched OFF ES cells, depending on their subscriber type, QoS requirements. Also, it needs to be discussed whether the switch ON enhancements considered in this study for inter-eNB scenario would be applicable here as well, since mechanisms are required for determining which cells should be activated. For e.g. as shown in the figure, UE-2 is in the proximity of the deactivated ES cells, whereas UE-1 is not. It needs to be discussed whether Switch ON solutions in inter-eNB scenario could be applied across other scenarios as well. 
Observation 1: The proximity detection of UEs to ES cells would be possible required in LTE coverage layer scenarios as well.
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Figure 2: LTE Coverage Layer Scenarios TR 36.887 [2]
2.2 Solution Evaluation

2.2.1 Solutions Related to Different ES Actions for Different UEs
Currently two solutions have been proposed for applying different trade-offs for activating energy saving cells. The solutions as described in TR 36.887 [2] are as follows:
The E-UTRAN utilises information provided by the CN to decide whether and which ES action (switch on/off) should be taken. The information provided by the CN could be as follows:

Soln-1)
Using an explicit indicator in order to indicate that certain ES actions are allowed to be taken when the UE is RRC_CONNECTED. The ES actions to be taken by the E-UTRAN are subject to implementation and deployment and may be also subject to configuration. The explicit indication may be either done by introducing new signalling information on S1-MME or by configuring a specific SPID code point. 

Soln-2)
Alternatively, E-UTRAN may use the existing QoS information for RABs in order to determine whether certain ES actions are allowed to be performed. Usage of the QoS information by the eNB is implementation specific. 

Basically, solution-1 proposes defining a new parameter which is derived from the core network, indicating the significance of a UE from operators’ perspective and take appropriate energy saving actions. Solution-2 on the other hand, proposes to reuse RAB related QoS information for the same purpose. Here the energy saving actions could involve activating or deactivating the ES cells. Further evaluation of the impact of QoS parameter information in energy saving decision-making process is done in R3-140214 [4].
Table 1: Comparison of ES Actions Solutions for Overlaid Scenario
	
	Solution-1
	Solution-2

	Complexity
	In terms of complexity, both solutions are quite simple with solution-1 possible requiring additional configurations.
	Since this solution reuses presently defined and established concepts, additional configurations would not be required.

	Potential ES gain
	Energy saving gain for this solution would be subject to subscriber type present in the proximity of switched OFF ES cells. Since QoS constraints and related load impacts of established bearers are not taken into account, energy saving actions taken could lead to higher energy consumption.
	Since the solution considers realistic QoS parameters in an implementation-specific manner, energy saving gains can be achieved, by taking decisions appropriately. The energy saving gains also could depend on implementation.

	Specification impact
	Medium, requires changes for defining the new SPID parameter and updating relevant specifications in all working groups. There might be impacts to core network specifications such as TS 23.402, etc. related to sending this information for e.g. from the P-GW as well.

	Low, since currently defined parameters are being reused, the specification impact would be low, and limited to RAN3 specifications. Possible impacts could be on how this information could be passed on over the interfaces, adding/modifying currently defined IEs.

	OAM impact
	Both solutions have similar impacts on OAM, for defining possible thresholds of load and QoS for initiating or leaving energy saving actions.
	Similar impacts on OAM entity.

	eNB impact
	eNB impacts would be slightly higher for soln-1 for defining and handling newly defined information element, as well as processing this information received from other eNBs.
	Impact is lower for this solution since no new information is added, only additional processing of already available information.

	UE impact
	None
	None


2.2.2 Solutions Related to Switch On Enhancement
Currently, there are solutions proposed in TR 36.887 [2] for enhancing the accurate switch ON capabilities of the network, by enabling compensation cell to send cell activation request to the ES cells having UEs within its coverage footprint. Determining accurately which ES cell should be activated is important, since it would avoid unnecessary signalling related to cell activation, as well as avoid increased interference and sub-optimal network performance due to unnecessary cell activation. The solutions are as listed below:
Solution 1: UE detection of DL signalling from the hotspot cell

Solution 2: IOT measurement by the hotspot cell

Solution 3: Detection of UL signals by the hotspot cell
Solution 1 deals with the UEs detecting DL signals from the ES cells for accurately identifying which cell should be activated, by giving appropriate measurement report feedback to the CS cell. Solution 2 is based on the analysis of the IoT measurements reported from inactive hotspot (ES) cells to the coverage eNB (CS cell), and taking appropriate cell activation action. Solution 3 involves CS cell configuring UEs on uplink and sharing related configurations with ES cells in dormant or deactivated state.
While solutions 2 and 3 are similar in terms of ES cells making some measurements to determine the proximity, solution 1 is significantly different, since UE makes measurements and informs CS cell regarding which cell it has in its proximity. Further evaluation of the solutions is as given in Table 2.
Table 2: Comparison of Switch ON Solutions for Overlaid Scenario
	
	Solution-1
	Solution-2
	Solution-3

	Complexity
	Low, since currently defined mechanisms can be used for detecting the appropriate cell.


	Low, since ES cells take care of proximity estimation on its own.


	High, if there are multiple UEs within the coverage area of different ES cells, it would be complicated for CS cell to determine to which cell the configuration should be sent, as well the possible signaling overload.

	Potential ES gain
	Medium, since ES cells would have to be active at least periodically so that UEs can detect their presence. ES gains would depend on how frequently the dormant cells are activated.


	Medium, here the gain depends on how much energy would be required for the cells to detect the presence of UEs in its proximity, while being in dormant state.
	Medium-High, depending on the coverage cell accurately detecting the presence of UEs in proximity of ES cells, as well as the energy spent for measuring UL signals of UEs.

	Specification impact
	Low, assuming that the reference signals is sent by the ES cell for e.g. in an implementation specific manner.


	Medium, reporting of IoT measurements would have to be standardized. The impact would be higher if the IoT measurements need to be standardized as well.
	Medium/High, since the UE configuration exchange related IEs needs to be defined, the specification impact would depend on the details that need to be standardized.

	OAM impact
	Possible switch ON thresholds needs to be defined in OAM so that the configuration could be shared with CS/ES cells. The impact would be similar for all three solutions.
	Similar for all three solutions.
	Similar for all three solutions.

	eNB impact
	Medium, sending of reference signals alone needs to be implemented in eNBs for energy saving state.
	Medium, IoT measurements needs to be defined in eNBs.


	Medium, UEs’ UL measurement detection needs to be implemented.

	UE impact
	The solutions do not seem to have any UE impacts.
	None
	None


Based on the evaluations done in this section, we make the following proposal.
Proposal  AUTONUMLGL  \e : 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, related to inter-eNB scenario. Based on the evaluations done, the following observation and proposals are made:

Observation 1: The proximity detection of UEs to ES cells would be possible required in LTE coverage layer scenarios as well.
Proposal 1: Solutions considered as part of energy saving enhancements study needs to be generic, independent of cell type and other deployment scenario considerations.
Proposal 2: RAN3 is requested to consider the above evaluations and document them in TR 36.887.
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