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1 Introduction
In RAN 3 #70 meeting, several solutions have been proposed for waking-up powered off eNBs to assist with offloading inter-RAT nodes or eNB cells providing coverage in LTE energy savings scenarios (see TR 36.927 [1]). During cell wake-up, there is a possibility that cells that are not needed may still be activated since the proposed solutions are not 100% accurate in predicting the correct eNBs to assist the coverage cell with offloading. In addition, as reliably activating the needed cells is an important criterion, each cell wake-up solution may need to consider a “safety margin” to achieve reliable offloading; this could also result in waking-up more cells than needed. Therefore, there may be a need to deactivate again some of the eNBs that have proved not to be helpful in offloading the traffic on the coverage cells.
In this paper, we briefly discuss possible sources of inaccuracies in the proposed solutions and show how adopting a simple timer-based approach for deactivating eNBs cells that are not helpful in offloading could be beneficial.
2 Discussion 
Each of the cell wake-up solutions proposes a different strategy for selecting eNB(s) with the potential of offloading the nodes providing coverage either in an inter-RAT or an inter-eNB scenario. It is expected that, for various reasons, more cells than needed may be selected for wake-up during offloading: Table 1 captures some examples in this regard for the cell wake-up solutions outlined in section 5.1.2.2 of TR 36.927 [1]. 
Table 1:  Examples of reasons for inaccuracy in the cell wake-up solutions listed in [1].
	Solution
	Description
	Examples of inaccuracy reasons

	Solution 1
	Use low load periods information obtained from the eNB’s traffic profile of select cells.
	The eNBs that are close to being activated due to load scenarios might not be helpful in offloading of the coverage cells. 

	Solution 2
	Wake-up dormant neighbouring eNBs around the coverage cell cluster.  
	Waking-up dormant neighboring eNBs around the coverage cell cluster with little to no consideration for the traffic and user distribution can lead to powering on redundant eNBs.

	Solution 3
	Use IoT uplink measurements from eNBs (and at times RSRP measurements from the UE) to select eNBs.
	IoT uplink measurements are typically unreliable and the combination of past RSRP with IoT measurements might lead to error in selecting the eNBs that are not useful.

	Solution 4
	eNBs in energy saving mode transmit probes to be measured by UE and reported to coverage cells.
	Measurement errors could lead to the selection of wrong eNBs.

	Solution 5
	Identify eNBs that are useful and deactivating others.
	   (*) see note below

	Solution 6
	Use location information of eNBs and UEs to select which eNBs to be powered on
	It is possible to wake up eNBs that are not useful in the case of inaccurate UE or eNB location information.  


 (*) Note: we understand solution 5 does not include a proposal on how to select which eNBs to be turned on for offloading purpose.
3 Timer-based deactivation approach 
In Table 1, the identified sources of errors for most of the cell wake-up solutions lead to selection of eNBs that are not helpful in offloading. In most of these cases, such eNBs should be powered off again in order to save energy on the eNB cells. The deactivation can be performed in a simple way using the timer-based approach currently proposed as an enhancement to location-based solution 6 listed in [1]. This timer-based enhancement allow for cells to be deactivated again by attaching a timer-value to the “on”/“activation” request message sent by the cells providing coverage to the eNBs that have been selected for power on. In case the timer expires and the specified conditions to stay-on (e.g. being serving a certain amount of traffic) are not satisfied, the particular cells will turn-off again.
Conclusion 1: In case redundant eNBs are activated by any of the energy saving cell wake-up solutions, a timer-based approach provides a simple and effective means to deactivate them again. 

We like to note that Solution 5 listed in [1] proposes explicit signalling of deactivation messages between the cell providing coverage and the eNB.  When compared with the timer-based deactivation, explicit signalling of deactivation messages requires more signalling messages and also calls for more execution delay. For example, in order to deactivate an eNB, deactivation request and response messages would be communicated between an eNB and the cell providing coverage. Moreover, the selection of the cells to be turned-off again is not taken autonomously by each but directly evaluated by the node (e.g. RNC, eNB) requesting the wake-up, which may have limited information for such decision. On the other hand, the timer-based deactivation requires that a timer-value is attached in the “On” request message so no additional message is communicated to the eNB solely for deactivation purposes and each cell can autonomously decide if to stay on or not, based on energy savings configured criteria. 
With respect to the execution delay, since the timer value is attached to the “On” request, an eNB autonomously deactivate itself after the timer expires if it was not useful with offloading the coverage cell. On the other hand, explicit signalling of  the deactivation request requires the coverage cell to first detect that the eNB is not helpful (e.g. due to the absence of UE handovers) and then send a deactivation request message to the eNB. Therefore, some latency is incurred before the deactivation is finally performed at the eNB. This delay reduces the energy savings at the eNB. 
Proposal 1: To cope with redundant eNB activation during energy saving cell wake-up, it is recommended to use a timer-based approach. The timer can be included in the activation request and used by each cell after wake-up to decide on turning itself off again in case the configured on-conditions are not met.
4 Conclusion

Inaccuracies in the cell wake-up solutions could lead to powering on eNBs that are not useful; for eNB energy savings purposes, it might be appropriate to power off such cells by means of a timer-based approach. 
Conclusion 1: In case redundant eNBs are activated by any of the energy saving cell wake-up solutions, a timer-based approach provides a simple and effective means to deactivate them again.
Therefore, we propose the following agreement to RAN3:
Proposal 1: To cope with redundant eNB activation during cell wake-up for energy saving, it is recommended to use a timer-based approach. The timer can be included in the activation request and used by each cell after wake-up to decide on turning itself off again in case the configured on-conditions are not met.
In case the proposal is accepted, section 5 provides the corresponding changes to be captured in the Energy Savings TR [1] with regard to the inter-RAT scenario case. Corresponding changes for the inter-eNB case will be included in chapter 6 of the same TR.
5 Text Proposal
------------------------------------------------------------------------------------------------------------------------------------------------
5.1.2.2
How to switch on the correct cells

Issue description

When the E-UTRAN cells are not active and the load increases, the coverage cells may not know which cell should be woken up, especially when the increasing load is in the area covered by one or a few hotspots.
Solution 1: Cell switch on/off via OAM commands
With this solution, the E-UTRAN cells may be switched off/on by the centralized OAM system based on some RAN information, e.g. load information. This information may include the loads of both the coverage and hotspot cells. The Intra-RAT and Inter-RAT neighbour nodes should be informed either by the OAM or by the signalling. 

Solution 2:
When the load is high and some E-UTRAN cells need to be switched on, coverage cells will activate its dormant neighbours. After that, if some activated cells find that they could return to sleep mode, they can switch themselves off again.
Solution 3:
In this enhancement, the listening capability of the E-UTRAN cells may be enabled independently from other functions of the cell. In that case, the sleeping cells may monitor, when requested, interference over thermal (IoT) ratio, which is obtained based on Received Interference Power and Thermal noise power. When a coverage cell detects high load, it may request the E-UTRAN cells within its coverage area to provide IoT measurements. Then, using its proprietary algorithm, in most cases it will be able to find which E-UTRAN cells are the most appropriate to serve higher load. Therefore, those coverage cells could activate the appropriate cells in E-UTRAN while keeping other E-UTRAN hotspot cells in  dormant mode.
Solution 4:

This solution addresses the problem described as follows:

STEP 1: The inactive hotspot cells are triggered (via OAM or neighbour cell) to transmit the pilot (e.g. reference signal in LTE) for at least a short time interval i.e. the so-called ‘probing’ interval. After the probing interval, all or part of hotspots may return to dormant mode. 

STEP 2: The network configures, via the coverage cell, the active and idle UEs camping on the coverage cell to perform measurements on the reference signal from the probing hot-spot cells and to report back the measurements. This approach is as defined for MDT purposes in [3] and the UE measurements are as defined in [4]. 

STEP 3: The network processes the reported UE measurements, collected via the coverage cell, and derives the decision as to which hotspot cell(s) to switch on and which hotspot cell(s) should stay in ‘dormant’ mode.

STEP 4: based on the decision made in STEP 3 above, a request is made to the relevant hot-spot cell(s) to definitely switch on. The remaining hot-spots will stay in dormant mode.
Solution 5:

When several E-UTRAN cells are activated simultaneously due to the cell activation procedure, the coverage cell may identify which E-UTRAN cells are helpful for sharing the load, i.e., which cell can be a target for active UE handover, based on the UE measurement. The coverage cell may then select cells not helpful for load sharing and send a deactivation request to them.
Solution 6:

In this enhancement, when the coverage cell detects high traffic load (requesting node), it can use a combination of UE locations, node (controlling the sleeping cells) locations, and cell radii/transmit powers in selecting which cells to be turned on (e.g. nodes that are in proximity or surrounding the UEs). Hence, the requesting node sends “On request” messages only to those nodes. 
To cope with the activation of redundant eNBs that can occur when waking-up cells for offloading, a timer value can be included in the “On request” message sent from the requesting node to the selected sleeping eNBs, for each of the considered solutions. At the expiry of this timer, each node verifies if the condition required for staying on has been met, and if not, it autonomously turn off cells again.
Evaluations and comparisons

------------------------------------------------------------------------------------------------------------------------------------------------
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