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1 Introduction
At RAN3#76, the UE measurement method was discussed [1][2]. 
The discussion was around the following issues

· Whether signalling of a probing time is required

· Whether signalling of probing capabilities are needed

· 
Which method to use for activating a probing cell
· How to handle idle mode UEs in the probing state

These issues are discussed in this document and a finally a proposed solution is presented  
2 Background
Although the UE measurement method seems like a very compelling method – to only switch on the correct eNB – there are some aspects that should be discussed. 

The UE benefits of the UE measurement method has been debated in several RAN3 meetings. The claimed advantage is that it would be possible to switch on a capacity cell without attracting UE (either from neighbour cells or from idle mode) which in turn enables the possibility to switch off easily, without having to move traffic form the cell. The incoming mobility from neighbour cells may exist in scenarios with dense capacity cell deployment where the capacity cells have multiple capacity neighbours. But in scenarios with isolated capacity cells, covered by one coverage cell, this is not a problem since in that case, all incoming mobility of UEs in active mode is controlled by the coverage cell.
The possible drawback of the UE measurement method is that the switch on time would be increased, since the coverage cell would evaluate which cell to switch on during the probing time. This would mean that the coverage cell would need a larger margin for when to start probing (to make sure the evaluation can be performed before the QoS of the served UEs are deteriorated). This would lead to the capacity eNBs being switched on more frequently, as well as being slower to react to sudden changes in traffic demand from the UEs.

It should also be noted that there are other solutions proposed to enhance the switch on of eNBs. One example of this is the low load period method, where OAM provides information on which capacity cells are suitable for switch on from a statistical point of view. This is specified in [3].
Taking all this above into account, we suggest that if we agree to include this in the specification, we should agree on a solution with minimal impact that still provides the claimed main benefit of the UE measurement method. 
3 Identified issues
3.1 Whether signalling of a probing time is required

The possible use of a minimum activation time was discussed in [4]. It is stated that this could be done either by signalling or by configuration from OAM. 

There are already today some thresholds defined for energy saving in TS 32.522 [5] as: 

	esActivationOriginalCellLoadParameters
	This attribute indicates the traffic load threshold and the time duration, which are used by distributed ES algorithms to allow a cell to enter the energySaving state. The time duration indicates how long the load needs to have been below the threshold.
	Threshold: Integer 0..100 (Percentage of PRB usage, see 3GPP TS 36.314 [13])
TimeDuration: Integer (in unit of seconds)



	esActivationCandidateCellsLoadParameters
	This attribute indicates the traffic load threshold and the time duration, which are used by distributed ES algorithms level to allow a cell to enter the energySaving state. Threshold and duration are applied to the candidate cell(s) which will provides coverage backup of an original cell when it is in the energySaving state. The time duration indicates how long the load needs to have been below the threshold.
	Threshold: Integer 0..100 (Percentage of PRB usage (see 3GPP TS 36.314 [13])
TimeDuration: Integer (in unit of seconds)



	esDeactivationCandidateCellsLoadParameters
	This attribute indicates the traffic load threshold  and the time duration which is used by distributed ES algorithms to allow a cell to leave the energySaving state. Threshold and time duration are applied to the cell(s) which provide coverage backup for the cell in energySaving state. The time duration indicates how long the load needs to have been above the threshold.
	Threshold: Integer 0..100 (Percentage of PRB usage (see 3GPP TS 36.314 [13])
TimeDuration: Integer (in unit of seconds)



	esSwitch
	This attribute determines whether the energy saving function is enabled or disabled.
	On, off


As can be noted, the esActivationOriginalCellLoadParameters indicates the load threshold and the time the load must be below the threshold before switching off. This seems to exactly match the description of the minimum switch on time suggested in [4].
Observation: One form of minimum activation time is already specified in TS 32.522 [5].
The time thresholds defined in [5] is used to create stability by reducing rapid switch on/off. It can be argued that although the threshold can be re-used for controlling the minimum activation time, it may be beneficial to specify two different thresholds: one used initially (minimum activation time) and one used afterwards. But in that case, it seems most straightforward to add this to 32.522 rather than adding it on the X2/RIM interface.
Observation: If we need a separate activation time, it could be added to TS 32.522.

Another question is whether a dynamic setting of the probing time is crucial for the network. Although it may be important to choose the probing time, it seems it is most important to reduce the probing time under special circumstances namely when enough UEs are found to motivate a switch on or when the load of the coverage cell is reaching critical levels. In both these cases, the real benefit comes from being able to activate the capacity cell before the probing has expired rather than setting the probing time dynamically,
Observation: There is no need for dynamic setting of the probing time.
3.2 Whether signalling of probing capabilities are needed

The knowledge on whether the neighbouring cells support probing may be important for the coverage cell. This since the coverage cell would typically use a different strategy for activation if the capacity cells are capable of probing. 

On the other hand, the activation of this kind of functionality is typically configured by OAM. For example the activation of MLB and MRO are typically controlled by OAM. Some examples of this can be found in TS 32. 522 [5]:  
	esSwitch
	This attribute determines whether the energy saving function is enabled or disabled.
	On, off

	hooSwitch
	This attribute determines whether the Handover parameter Optimization Function is activated or deactivated.
	On, off

	lboSwitch
	This attribute determines whether the Load Balancing Optimization Function is activated or deactivated.
	On, off


Therefore, it seems reasonable that also the probing functionality should be configured by OAM. But we believe that it is important that this is handled differently in the involved cells:
· Each capacity cell should be configured whether he should support probing or not.

· Each coverage cell should be configured to assume that the neighbouring capacity cells are probing capable. 

Although the behaviour is different in the different types of cells, we believe that it would be sufficient using a single switch stating if the UE measurement method should be used. Hence, in a specific deployment, with specific equipment, the operator would be well aware of if both the eNBs handling the capacity cells and coverage cells supports probing, and would enable this functionality by enabling probing throughout a selected area.

In previous discussions, it has been argued that this is a burdensome task for the operator. But this is typically something that you would control from OAM. And it should be noted that we already configure the thresholds for energy saving (as indicated in previous section). Adding a new parameter enabling/disabling UE measurement method should not cause a too heavy burden for the configuration of eNBs
Observation: We already today have OAM requirement to enable/disable ES and SON functionalities. ES is for example enabled/disabled and the thresholds are configured by OAM. Adding a new parameter to enable/disable UE measurement method functionality would probably anyway be required. 
3.3 Which method to use for activating a probing cell
Two methods have been discussed:

a) Using a new activation message to start the probing phase and use the existing activation message to go to a fully active mode

b) Using the existing activation message to start the probing phase and a handover request to go to fully active mode.
The important benefit of solution (b) is that this does not require any standards change. But when re-using the existing message sequence, some clarifications are still needed:

· The only way to transition from probing to active would be to send a Handover Request to the capacity cell. There have been some arguments that it may be needed to immediately transit to activate mode without using a Handover Request. We do however not consider this as important since it is difficult to find a scenario where the coverage cell is critically loaded and where it would help to switch on a capacity while still not being able to find a suitable UE to hand over. In any case, this transition will be definitely faster than by using an activation message with the subsequent steps to accept incoming UEs.
· When discussing the UE measurement method, we sometimes assume that the receiver may be completely or partly switched off. When using the handover request to transit to full activation we require that the eNB in probing state is immediately capable (or capable within a reasonable short time) to activate the receiver in order to accept an incoming RACH from the UE. Another option would be to reject the first handover request and then start activating to be ready for a successive HO request.  
Observation: We see no drawback of re-using the existing messages. 
3.4 How to handle idle mode UEs in the probing state

As indicated in section 2, it has been argued that it might be beneficial to avoid attracting UEs during the probing phase. The benefits of such an arrangement are not evident: as a matter of fact, if there are UEs at all in the covered area, they should indeed be served as quickly as possible in order to avoid losing revenue by the operator, and it will be more efficient to serve them with the capacity cell because it will probably be closer and with a better channel situation, therefore leading to a lower TX power from the UE and a more efficient PHY scheme. In any case, UEs can be prevented from accessing the cell by barring the cell, using already present functionality. The UE behaviour is specified in 36.304 [6]. It is stated that:
· Cell status and cell reservations are indicated in the SystemInformationBlockType1
· When cell status "barred" is indicated or to be treated as if the cell status is "barred",
-
If the field intraFreqReselection in field cellAccessRelatedInfo in SystemInformationBlockType1 message is set to "allowed", the UE may select another cell on the same frequency if re-selection criteria are fulfilled.
Therefore, it seems reasonable to use cell barring to prevent the UE from accessing the cell, if so desired, and set intraFreqReselection to allowed, in order not to prevent mobility to other active capacity cells. It should however be noted that this would prevent the UE from trying to access the same cell for 300 seconds. 

Observation: It would be possible to use cell barring to prevent idle mode to access a cell in probing phase and this would prevent the UE from camping on this cell.
4 Possible solution

4.1 Overview

The solution relies on the previously proposed [2] principles:

· The capacity booster eNB receives the activation request and starts transiting to an active state.

· When the capacity booster eNB is operational, it sends the cell activation response

· Depending on if the eNB receives an incoming handover request during a certain time (probing time) the following happens:

· If no handover request is received, the eNB transits back to dormant mode and send a deactivation notification to the eNB that requested the activation.

· If the eNB receives an incoming handover request, the eNB accepts this incoming handover and sends an activation notification to all neighbours.

4.2 Proposed stage-2 modifications
22.4.4
Support for Energy Saving

22.4.4.1
General

The aim of this function is to reduce operational expenses through energy savings. 
The function allows, for example in a deployment where capacity boosters can be distinguished from cells providing basic coverage, to optimize energy consumption enabling the possibility for a E-UTRAN cell providing additional capacity, to be switched off when its capacity is no longer needed and to be re-activated on a need basis. The basic coverage may be provided by E-UTRAN, UTRAN or GERAN cells.
22.4.4.2
Solution description

The solution builds upon the possibility for the eNB owning a capacity booster cell to autonomously decide to switch-off such cell to lower energy consumption (dormant state). The decision is typically based on cell load information, consistently with configured information. The switch-off decision may also be taken by O&M.

The eNB may initiate handover actions in order to off-load the cell being switched off and may indicate the reason for handover with an appropriate cause value to support the target node in taking subsequent actions, e.g. when selecting the target cell for subsequent handovers.
All peer eNBs are informed by the eNB owning the concerned cell about the switch-off actions over the X2 interface, by means of the eNB Configuration Update procedure. The eNB indicates the switch-off action to a GERAN and/or UTRAN node by means of the eNB Direct Information Transfer procedure over S1.

All informed nodes maintain the cell configuration data, e.g. neighbour relationship configuration, also when a certain cell is dormant. If basic coverage is ensured by E-UTRAN cells, eNBs owning non-capacity boosting cells may request a re-activation over the X2 interface if capacity needs in such cells demand to do so. This is achieved via the Cell Activation procedure. If basic coverage is ensured by UTRAN or GERAN cells, the eNB owning the capacity booster cell may receive a re-activation request from a GERAN or UTRAN node by means of the MME Direct Information Transfer procedure over S1.
The eNB owning the dormant cell should normally obey a request. The switch-on decision may also be taken by O&M. All peer eNBs are informed by the eNB owning the concerned cell about the re-activation by an indication on the X2 interface. The eNB indicates the re-activation action to a GERAN and/or UTRAN node by means of the eNB Direct Information Transfer procedure over S1. This indication may be delayed by the eNB owning the dormant cell until the first incoming handover. This eNB may also choose barring the access for idle mode UEs until the first incoming handover.
22.4.4.3
O&M requirements

Operators should be able to configure the energy saving function.

The configured information should include:

-
The ability of an eNB to perform autonomous cell switch-off.

-
The ability of an eNB to request the re-activation of a configured list of dormant cells owned by a peer eNB.

O&M may also configure

-
policies used by the eNB for cell switch-off decision.

-
policies used by peer eNBs for requesting the re-activation of a dormant cell.
-
Whether the eNB owning the dormant cell may delay the activation notification and cell barring until the first incoming handover after activation and whether the node handling the coverage cell may assume that eNB owning the dormant cell may delay the activation notification and cell barring until the first incoming handover after activation.
4.3 Stage3 modifications
The question whether the notification can be delayed to neighbour cells is allowed according to current stage-3 specifications was raised during last meeting. In 36.423 this is however currently stated as follows: “If the Deactivation Indication IE is contained in Served Cells To Modify IE, it indicates that the concerned cell was switched off to lower energy consumption.” Therefore, there is no need to clarify whether the notification after activation is delayed or not.

5 Summary
In this document, we have showed how the UE measurement method can be supported with minimal impact stage-2.
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