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1. Introduction

3GPP effort for contributing to global smart energy usage is reflected in current FS_Energy_LTE Study Item, in which the 3GPP TR 36.927 [1] is being developed. Being this effort considered a major need from the operator point of view, not only because of the associated OPEX reduction, but also because of our commitment to contribute to global sustainability. 
The Inter-eNB energy saving approaches, for single layer coverage scenarios, currently included in this TR are based on managing cells entering and waking up from dormant mode. Being the mechanism considered to perform this management based on either “OAM solutions” or “Signalling solutions”. The hybrid approach exposed in this document takes into account both mechanisms.
The aim of this contribution is to describe a hybrid solution for inter-eNB energy saving that maximizes the advantages of the two exiting solutions and also to propose some changes to include this option in TR 36.927.
2. Discussion
In TR 36.927 [1] two scenarios of inter eNB energy saving are considered. In the scenario 1 boost capacity cells coverage area is included on the basic coverage cells, and in the scenario 2 the compensation cells provide basic coverage on areas previously covered by so called energy saving cells when they are on dormant mode.
For scenario 2, two solutions have been considered: OAM based solution and Signalling based solutions, with the following main characteristics: 

· OAM based solution. This solution relies on OAM control that would use long term statistics or fixed wake-up/ dormant periods for the energy saving cells, being a less flexible approach that the signalling based solution. The decision to enter or leave the dormant state comes from OAM, this has the advantage of a high level of network control from OAM central point. On the other hand this solution supposes a low impact in the eNBs that will receive control commands. The drawback is then on the low reaction time to real network traffic needs.
· Signalling based solution. In this approach the cells are aware of whether are compensating cells or energy saving cells based on proprietary information or optionally by OAM. The compensation cells control the cells on dormant and wake up state, based on the information exchanged with the energy saving cells. This solution has a small impact on OAM, but needs of signalling load between eNBs, through intercell X2 messages. The solution is highly flexible because it can react on real time to load changes but presents the problem that does not include the possibility to adjust cell group coverage parameters, and this can lead to inadequate group coverage resulting in deployment coverage holes or excessive intercell interference. For example, if basic coverage is considered for indoor there is not a clear mechanism to be changed to outdoor, cell with overreach due to street canyons, cells with short radius due low antenna high and surrounding obstacles, etc.  

Therefore, a hybrid approach can provide a most effective, controlled and flexible energy saving mechanism, with real time reaction of the signalling based solution and with the possibility of the individual cell group coverage control offered by OAM.
In the hybrid OAM and signalling solution, the cells are preconfigured as potential compensation cells or energy saving cells by OAM, and OAM additionally communicates the values of some parameters that control the management of the switching on/off of the group of cells controlled by a compensation cell. 
3. Possible update of TR 36.927 Section 6.2 
Based on the previous discussion, a possible modification to the TR 36.927 Section 6.2 has been elaborated, in order to serve as a baseline for triggering discussion among RAN3 members, if the proposed hybrid approach is taken into consideration. 

6.2.1. Description of scenario 2
When operators deploy the LTE network, one possible application scenario for energy saving is described hereafter.
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Figure 6.2.1-1. Inter-eNB scenario 2 for energy saving
As shown in Figure 6.2.1-1, this scenario involves two cases. For both cases, single layer coverage of E-UTRAN cells is deployed. At off-peak time, energy saving cells may enter dormant mode, while the basic coverage is provided by one cell (case 1) or by several compensation cells (case 2). In general, the continuity of LTE coverage is guaranteed while the QoS of some services may be impacted.
6.2.2. 
Energy saving procedures
When load level and distribution fluctuates some cells may be switched off, but in order to guarantee continuous coverage, others must be kept on or even reconfigured to cover up for those that are in dormant mode. To achieve energy savings in this inter-eNB scenario, three fundamental approaches differing in how hotspots E-UTRAN cells enters or leaves dormant mode can be used. These approaches are:
1. OAM-based approach

2. Signalling-based approach

3. Hybrid OAM and signalling-based approach
6.2.2.1. OAM-based solution for E-UTRAN 
In this existing solution, all cells are preconfigured as potential compensation cells and energy saving cells. The decision to enter or leave dormant mode is made based on the proprietary algorithm in each cell configured by OAM. The neighbour nodes should be informed either by the OAM or by the signalling.
6.2.2.2. Signalling based solution for E-UTRAN cell entering of waking up from dormant mode
In this method, the cells are aware of whether they are compensation cell or energy saving cell based on OAM or proprietary information which is knowledge by itself, e.g. UE measurements, interference status, load information etc. When the energy saving cell decides to enter dormant mode autonomously or based on information exchanged with the compensation cell, it will initialise communication with the corresponding compensation cells, and the coverage related information may be included into the request message. The final decision is made at the compensation cell and the feedback may be needed. Furthermore, similar energy saving cell switching on/off procedure specified in Rel-9 [5] could be reused.
6.2.2.3. Hybrid O&M and signalling based solution for E-UTRAN cell entering of waking up from dormant mode
In this solution, the cells are preconfigured as potential compensation cells or energy saving cells by OAM and also OAM communicates the values of some parameters that manage the switching on/off of the group of cells controlled by a compensation cell.
The set of these parameters are FFS, and could include: cell load, number of active users, number of idle users, threshold values, threshold values, RF parameters on different cell states, etc., as proposed in the next table
	Parameter name
	G or S
	Description

	Decision parameter (Dp)
	G
	This is the parameter used by the cells to decide the state of the cell group (compensating or energy saving cells). The decision parameter (Dp) is calculated every update period (TUPDATE) by the compensating eNB with the info requested to the energy saving cell. Depending on the type of decision parameter (TDP) (e.g. cell load, active or idle users during the last period of time, etc.), each energy saving eNB sends its measurement, and then the compensating eNB processes all the measurements to calculate and transmit the value of the Dp which is used by the eNB to change or not its current state (active or dormant).

	Type of decision parameter (TDP)
	G
	This parameter indicates the type of magnitude to be measured periodically by the eNBs in order to calculate the decision parameter (DP) applicable in each period of time.

	Switch-on Threshold (TH OFF-ON) 
	G
	Threshold value used to make a decision regarding the energy saving eNBs RF sub-system switch on. For example if the TDP is the number of active users, this threshold could be referred to a certain number of active users in the cell group from which the energy saving cells  should turn on their RF sub-system since only the compensating eNB(s) could not provide service to all the active users.

	Switch-off Threshold (TH ON-OFF)
	G
	Threshold value used to make a decision regarding the energy saving eNBs RF sub-system switch off. For example if the TDP is the active users, this threshold could be referred to a certain number of active users in the cell group from which the energy saving eNBs should turn off their RF sub-system since only the compensating eNB could provide service to all the active users.

	High Transmission Power (PHIGH)
	S
	Compensating eNB: power at the beginning of the Compensation Cell Coverage State (CCCS).
Energy saving eNBs: power at the beginning of the Shared Coverage state (SCS).

	Low Transmission Power (PLOW)
	S
	Compensating eNB: power at the beginning of the Shared Coverage State (SCS).
Energy saving eNBs: initial power after turning on RF subsystem in the transition to the Shared Coverage State (SCS).

	Switch-on Time (TOFF-ON)
	G
	Transition time from the CCC state to the SC state.
This time corresponds to the lapsed in the compensation cell from current power (usually PHIGH) to PLOW and in the energy saving cells  from PLOW to PHIGH.

	Switch-off Time (TON-OFF)
	G
	Transition time from the SC state to CCC state.
This time corresponds to the lapsed in the compensation cell from current power (usually PLOW) to PHIGH and in the energy saving cells from current power (usually PHIGH) to PLOW just before turn off its RF sub-system.

	Update Time (TUPDATE)
	G
	Period of time for updating the value of the decision parameter (DP).

Used by the compensation cell for the interchange of messages through the LAN.


Table 1. Energy saving algorithm parameters

All the cells belonging to the same group share the same parameters. The compensation cell gathers the information of the energy saving cells and calculates the decision parameter to switching on/off energy saving cells, and then this decision parameter is communicated to the entire cell group, that individually takes the corresponding switch on/off decision. The cell switching on/off control is shared between OAM and the compensation cell. 

6.2.3. Evaluations and comparisons
Rel-9 solution is not applicable in this scenario.
	Criteria
	Cell switching on/off based on OAM decisions (existing)
	Cell switching on/off based on signalling exchange
	Hybrid O&M and signal based solution 

	Feasibility
	Feasible
	Feasible
	Feasible

	Applicability
	Applicable
	Applicable
	Applicable

	Backward compatibility
	Yes
	ES-capable cells don't use Rel.9 autonomous switch off to avoid coverage holes 
Impact on ANR/HO parameter setting
	ES-capable cells do not use Rel.9 autonomous switch off to avoid coverage holes 
Impact on ANR/HO parameter setting

	Complexity
	High, because the OAM should coordinate the cell switching on/off
	High. A certain coordination and synchronization of cell reconfigurations is needed to avoid creating coverage holes, or excessive interference levels during transitions
	Medium. OAM only provides initial parameters. Cells belonging to a cell group autonomously coordinate between them, based on preconfigured OAM parameters avoiding the creation of coverage holes or excessive interference levels during transitions. 

Preconfigured OAM parameters reduce inter eNB message exchange

	Potential ES gain
(*Note 1)
	Low (less flexible compensation schemes).
Long term statistics may lead to a conservative approach
	High (flexible compensation schemes). In addition the mechanism could improve network robustness by permitting compensation in case of cell outage.
	High (flexible compensation schemes). This solution includes precise cell coverage control from OAM. In addition the mechanism could improve network robustness by permitting compensation in case of cell outage.

	Specification impact
	None
	Signalling between multiple cells is needed, as well as definition of compensation mechanisms providing interoperability.

Enhancement on ANR/HO parameter setting.
	Signalling between multiple cells is needed, The parameters of the compensation mechanisms are predefined by the OAM with reduced specification impact providing an easy interoperability.

Enhancement on ANR/HO parameter setting.

	OAM impact
	High. OAM has to define compensation cell and its candidate energy saving cells, and how to switch on/off
	Low
	Medium. OAM has to define compensation cell and its candidate energy saving cells, and the parameters used to switch on/off cells

	eNB impact
	Low, some functionalities are required for guarantee UE’s coverage, e.g. ICIC
	High, eNB must be able to adapt coverage (power / tilt / azimuth).

Compensation coordination function has to be implemented in compensation nodes. More limited impact on ES-capable cells.
	Medium, eNB must be able to adapt coverage (power / tilt / azimuth).

Parameter driven compensation coordination function has to be implemented in compensation nodes and also on ES-capable cells.

	UE impact
	Not foreseen.
	Not foreseen.
	Not foreseen.


*Note1: Qualifiers are relative to each other, they do not reflect the overall energy savings gains. The overall energy savings gains have not been quantified.
4. Conclusion
In this contribution a hybrid approach to the inter-eNB scenario 2 is proposed, that incorporates the possibility of cell coverage control from OAM, balancing the complexity increase among OAM and eNodeBs, while keeping the flexibility needed to adapt the switch on/off mechanisms on changing environments.

This implementation ensures an OAM control over the coverage of the cell groups (composed of compensation and energy saving cells) and also an adaptive cell group autonomous mechanism of energy saving, with a real time cell response to the cell varying load associated to the signalling based approach. 

Based on this contribution Telefónica proposes:

·  Update of 3GPP TR 36.927  Section 6.2 “Study on inter-eNB scenario 2”, to include a new energy saving procedure call “Hybrid OAM and signalling-based approach”
·  Discuss on the proposed definition of this Hybrid mechanism.
· Initiate the debate on the parameters set needed to interchange between OAM & eNB in order to optimizate the performance of the proposed mechanism 
· A modification in Figure 6.2.1-1 is also included in this contribution in order to clearly differentiate the cells on energy saving mode and those in active mode.
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