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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], and finally propose a way forward for the study. Basically this contribution aims to discuss the following:
· Initial evaluation of issues and solutions proposed in TR 36.887 [2], considering the impacts on specifications and other working groups.
· Evaluations are made based on the guidelines in the TR.

· Especially with regards to impacts on HO parameterization, MRO optimizations, ECGI/PCI changes during or after network enters energy saving state.

· Proposes the need for unified solutions which would work for all scenarios, and considers operator controlled QoS provisioning during energy saving state transitions.

· Finally, as a way forward, we propose a simple UE context exchange mechanism for assisting the energy saving state transition decision-making process, which has the following key features:
· CS cell cannot estimate the potential load due to handover of UEs during energy saving. Thus, the exchange of UE context and related bearer information and let CS cells take decisions on its own (for e.g. based on OAM pre-configurations). 

· This would also ensure that all UEs are handed over after the state transition to/from energy saving state, and no UEs/bearers are dropped in between (or the behavior can be controlled based on OAM pre configurations).

· Has the added advantage of fast recovery from RLF/HOFs during the state transition process.
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 enhancement for overlaid and LTE coverage layer scenarios. Since currently standardized mechanisms do not differentiate between cell type and deployment scenarios, solutions considered as part of this study also needs to be generic independent of these considerations.
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Figure 1: Different energy saving scenarios considered in the study.
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.
2.2 Solution Evaluation
In this section, we evaluate the various solutions currently proposed for this study as documented in TR 36.887 [2]. The evaluation criteria for solutions considered in TR 36.887 [2] is used for this purpose. 
2.2.1 Inter-eNB Energy Saving Scenario: Subscriber Type Based Energy Saving Solution
This solution is not only applicable to this particular scenario, and could be considered applicable for all scenarios as a condition for the network to enter or exit energy saving mode. The solution is evaluated based on the assumption that either a new subscriber type indicator is defined or reusing existing UE QoS mechanisms to ascertain the priority of the user. Here the assumption is that UEs with for e.g. Gold/Silver subscription type would have their high priority traffic scheduled in dedicated bearers as compared to for e.g. a Bronze user which could be scheduled in default bearer. Thus user subscription type/priority could be determined in RAN using existing mechanisms.
	Criteria
	Description

	Complexity
	It is currently unclear as to how RAN could know about the subscriber type of the UE. Currently such considerations are not taken into account for other procedures such as handover where in case of congestion, etc. UEs bearers are dropped purely based on its QoS parameters.
· If new indicators for subscriber type is introduced the solution could become complex, since eNBs need to be aware of this parameter and take it into account even after switching on/off the ES cells.

· Reusing existing UE QoS parameters would be the simpler way forward, whereby ES cells autonomously take switch on/off decisions based on OAM pre-configurations. UE QoS parameters could be determined based on UE context information. CS/ES cell could exchange this information depending on switch on/off load conditions determined autonomously by each cell.

	Potential ES gain
	· Adding new subscriber type indication could essentially mean that eNBs could be switched on if there is a ‘high-priority’ UE in the proximity of an ES cell. This would mean that the energy consumption of the network would be higher than under normal circumstances.
· Considering UE QoS along with load conditions would ensure that the energy consumption of the whole network is reduced under low load conditions, and cells are activated only when required taking UE QoE and energy consumption parameters into account. Such a solution would also conform to the norms of being scenario independent, since the information exchange would be applicable to all scenarios considered as part of the study and not limited to inter-eNB scenario alone.

	Specification impact
	· Specification impact would be significant, if subscriber type field added, there could be impacts on specifications related to eNB, MME, as well as core network entities in order to exchange and maintain this information. 
· Minimal X2 extensions would be required in TS 36.423 [3] to currently defined procedures.

	OAM impact
	· Possibly impacts are foreseen for subscriber type to activation decision configurations
· Impacts are foreseen for UE QoS and load related configurations as well.

	eNB impact
	· If subscriber type field added, impact could be significant since eNB needs to take the new parameter into account while making decisions.
· Using UE QoS and load information for which already defined measurements and related implementations are standardized, the impact could be not so significant.

	UE impact
	None


2.2.2 Single Compensating eNB Deployment Scenario: OAM Based Energy Saving Solutions
Issue 1 and related solutions consider the impact on MRO algorithm due to the change in coverage of the CS cell. It also considers the possible need for new neighbour cell relations and handover parameters due to this action. Such changes would have potential impacts on RAN1 due to measurement configuration changes as well as RAN2 due to the need for RRC signalling of this information to the UEs in RRC_Connected mode. There could also be potential impacts on system information block configurations as well as various other aspects which need to be clarified by RAN1/2.
Proposal  AUTONUMLGL  \e : Issue 1 needs to be evaluated and confirmed by relevant RAN working groups before proceeding with the evaluation of solutions.
Issues 2 and 4 and related solutions have the fundamental similarity that they assume the possible need for a change in ECGI/PCI. The need for ECGI/PCI change and relevant impacts on other features for e.g. OTDOA was studied and presented in R3-131495 [4]. ECGI is sent to MME in Initial UE Message, Uplink NAS Transport message, Location Report message, etc., so changing ECGI could lead to increased signalling for those UEs already connected to CS cells in connected mode TS 36.413 [5].  It needs to be further studied whether this would involve additional signalling for all connected mode UEs with already established EPS bearers. This would also impact idle mode behaviour of those UEs who are camped in the cell which changes its ECGI. In the core network, for e.g. the policy and charging control architecture uses ECGI for location based charging purposes TS 23.203 [6]. This essentially could mean that ECGI would also trigger a significant amount of signalling to the core network in order to take such changes into account. Since there is significant impact on RAN and core network entities, the real need for ECGI/PCI change as part of energy saving action needs to be evaluated by relevant working groups. It could also be evaluated whether it is possible for the network to enter energy saving state without causing significant impact to other network entities. RAN1/2 would be the most relevant working group to evaluate the need and impacts for ECGI/PCI change from RAN perspective, and SA2 could evaluate the core network impacts of such a change.
Proposal  AUTONUMLGL  \e : Issues related to change in ECGI needs to be evaluated and confirmed by relevant RAN/SA working groups before proceeding with the evaluation of solutions.
Issue 3 relates to means for providing continuous service to RRC-Connected UEs served by the cell which will move to Energy Saving Mode during the transition to ES. This issue in particular is not unique to this scenario alone, and is applicable to all scenarios considered as part of this study. Solutions proposed also should take into account this factor. Also, in general this issue has clear RAN2 impacts due to reuse of mobility procedures for RRC Connected UEs. But, for this issue clarification might not be required at this stage.
Proposal  AUTONUMLGL  \e : Issues 3 and related solutions are applicable to all scenarios including inter-eNB and LTE coverage layer, solutions should take this key factor into account.
Solution 3.1: Energy saving cell and compensation cell coordinate with each other about the time of state transition. Tx ramping of compensating cells (in one direction) and of ES cells (in the opposite direction) are coordinated with timers.
	Criteria
	Description

	Complexity
	Not so complex

	Potential ES gain
	Gain due to deactivation of ES cell

	Specification impact
	Possibly X2 interface specifications need to be changed adding this signaling information.

	OAM impact
	None

	eNB impact
	There will be eNB impact in order to handle the transmit power ramping and related coordination.

	UE impact
	No impacts can be seen.


Solution 3.2: Use handover preparation to at least enable RRC re-establishment in the new cell.
	Criteria
	Description

	Complexity
	Not so complex

	Potential ES gain
	Gain due to deactivation of ES cell

	Specification impact
	Possibly X2 interface specifications need to be changed reusing existing handover preparation related signaling.

	OAM impact
	None

	eNB impact
	There will be eNB impact in order to handle the handover coordination

	UE impact
	No impacts can be seen.


Solution 3.3: Compensation cells and energy saving cells coordinate the usage of their carriers in a 4-steps process: (1) Energy saving cells hand over users on a carrier different from a carrier f, (2) Compensation cells increase the coverage of carrier f, (3) Energy saving cells hand over UEs to compensation cells, and (4) Energy saving cells switch off radio transmissions, compensation cells extend other carriers coverage.
	Criteria
	Description

	Complexity
	Not applicable for all scenarios, for e.g. the need for the presence of multiple carriers

	Potential ES gain
	Gain due to deactivation of ES cell

	Specification impact
	Possibly no impacts.

	OAM impact
	None

	eNB impact
	There will be eNB impact in order to handle the handover coordination.

	UE impact
	No impacts can be seen.


Solution 3.4: Compensation cell expands its coverage before energy saving cell switches off. The co-channel interference is mitigated by configuring some ABS subframes for energy saving cells in the compensation cell. UEs served by ES cells can be handed over after or during compensation action.

	Criteria
	Description

	Complexity
	Need to investigate whether this is practically feasible (with other RAN WGs)

	Potential ES gain
	Gain due to deactivation of ES cell

	Specification impact
	Impacts need to be investigated, might be possible with current ABS coordination messages.

	OAM impact
	None

	eNB impact
	There will be eNB impact in order to handle the handover coordination, transmit power ramping up, etc.

	UE impact
	No impacts can be seen.


Solution 3.5: Compensation cells and Energy Saving cells exchange parameters allowing them to coordinate their TX power adaptation, taking into account SINR perceived by active UEs TS 23.203 [6]. The solution is applicable to multi-compensation cells and multi-ES cells.
	Criteria
	Description

	Complexity
	Would be much more dynamic since decisions are taken autonomously, difference with for e.g. 3.4 is not clear.

	Potential ES gain
	Gain due to deactivation of ES cell

	Specification impact
	Impacts need to be investigated, might be possible using means described in solution 3.4?

	OAM impact
	None

	eNB impact
	There will be eNB impact in order to handle the handover coordination, transmit power ramping up, etc.

	UE impact
	No impacts can be seen.


Issue 5 – Solution 6.1: OAM decides based on information from eNBs
	Criteria
	Description

	Complexity
	No 3GPP standards impact

	Potential ES gain
	Significant, depending on the OAM configurations

	Specification impact
	None, configurations handled by OAM

	OAM impact
	Significant to ensure QoS and coverage while saving energy

	eNB impact
	None

	UE impact
	None


2.2.3 Solutions for Multiple Compensating eNB Deployment Scenario
Analysis done for the single compensating eNB scenario in the previous section is equally valid for issues and solutions proposed for this scenario as well.
2.3 Way Forward
In this section, we describe a simple way forward which covers the first step to be undertaken while initiating energy saving actions. Assuming that the load conditions for entering or leaving energy saving state is pre-configured by OAM, the first step towards initiating energy saving actions would be to ensure whether smooth handover of UEs from ES cell to CS cells is possible or not. This is equally valid for both overlaid and LTE coverage scenarios. Even with the state transition loads pre-configured, ES cell is unable to know the load caused by its own UEs in connected mode to CS cells, or whether CS cell/cells would be able to handle all the QoS requirements of the UEs which will be handed over.
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Figure 2: UE Context Exchange for Initiating Energy Saving Actions

The main assumption is that basic parameters for compensation are pre-configured by the OAM, the steps involved are as shown in Figure 2. In step (1) ES cell decides to enter energy saving state based on OAM configurations of load, etc. In step (2) ES Cell along with the compensation request to the CS cell sends the aggregated UE context information of connected mode UEs. CS cell based on the information received from ES cell decides the reply for the compensation request in steps (3) and (4). After receiving the receiving the reply ES cell decides to switch OFF in step (5). It initiates the state transition mechanisms so that various issues identified earlier are handled using the proposed solutions as shown in steps (6), (7) and (8). The proposed solution to be agreed needs further discussion based on the solution analysis done in previous sections. Pre-exchange of UE context also has the advantage of fast recovery from Radio Link Failure or Handover Failure, since UEs can re-connect to the CS cell with minimal interruption time. The basic mechanism described here could be implemented with minimal impacts to standards by reusing existing information elements defined in TS 36.423 [7]. The solution is equally applicable for ES cell switch ON scenario as well.
Proposal  AUTONUMLGL  \e : Consider and agree the UE context exchange based user prioritization and energy saving decision approach as the agreed way forward, and study further the impacts of other issues/solutions.
Proposal  AUTONUMLGL  \e : Include UE context exchange procedure in Section 2.3 to TR 36.887 as a common solution for all scenarios.
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: Solutions considered as part of energy saving enhancements study needs to be generic, independent of cell type and other deployment scenario considerations.
Proposal 2: Issue 1 needs to be evaluated and confirmed by relevant RAN working groups before proceeding with the evaluation of solutions.
Proposal 3: Issues related to change in ECGI needs to be evaluated and confirmed by relevant RAN/SA working groups before proceeding with the evaluation of solutions.
Proposal 4: Issues 3 and related solutions are applicable to all scenarios including inter-eNB and LTE coverage layer, solutions should take this key factor into account.
Proposal 5: Consider and agree the UE context exchange based user prioritization and energy saving decision approach as the agreed way forward, and study further the impacts of other issues/solutions.
Proposal 6: Include UE context exchange procedure in Section 2.3 to TR 36.887 as a common solution for all scenarios.
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