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Introduction
An Energy Savings (ES) method via deactivating unneeded eNB cell(s) has been a supported functionality in LTE since R9. TS 36.300 [1] currently contains the following text: 
 “All informed eNBs maintain the cell configuration data also when a certain cell is dormant. 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. “
Cell re-activation occurs when “capacity needs demand to do so”. But there may be other needs besides capacity needs at the non-capacity boosting (coverage) cell that may demand reactivation of a cell.
Discussion
TR 36.927 [2] states the following (points to be considered further in this doc are highlighted): 
“Energy saving solutions identified in this study item should be justified by valid scenario(s), and based on cell/network load situation. Impacts on legacy and new terminals when introducing an energy saving solution should be carefully considered. The scope of the study item shall be as follows: 
1. User accessibility should be guaranteed when a cell transfers to energy saving mode
1. Backward compatibility and the ability to provide energy saving for Rel-10 network deployment that serves a number of legacy UEs
1. Solutions shall not impact the Uu physical layer
1. The solutions should not impact negatively the UE power consumption”

Taking the last quoted statement from [2] that “The solutions should not impact negatively the UE power consumption”, consider a hetnet scenario such as that shown in the following Figure:



A typical hetnet environment has Pico’s deployed for both capacity (hot spot) and coverage (dead spot) reasons. In some places, e.g. a cell edge or in a building, a Pico cell may be added for both reasons. Pico’s can also be beneficial for improving bearer data rates. A prime advantage of deploying Pico’s is it enables low Tx power for nearby UE’s which reduces UE power usage and interference.
Given a ES enabled Pico cell and a UE within the normal coverage area of the Pico when activated as shown in the diagram, if the ES enabled Pico cell goes dormant then the UE must connect to the Macro node antenna that can be a Km or more away, as opposed to the ES Pico cell which is say only 50 meters away.  The UE power consumption and transmit power will then be higher to compensate for the additional propagation losses to achieve the necessary SINR.  While the increased power amount may not significantly impact UE battery life with usage of some applications, if the UE requires a high volume and rate of uplink traffic while running other type applications (e.g. video), then a significant negative impact on UE power consumption is to be expected with the nearby node deactivated. Therefore the Pico eNB may need to be re-activated to meet UE battery savings needs, as well as for Macro capacity needs since the ES solution should not impact negatively UE power consumption. Degradation of UE QoS may also arise due to the differences in the uplink signal path between transmitting to a nearby Pico or a distant Macro. Furthermore, Inter-RAT scenarios may require a legacy RAT node to reactivate a dormant LTE node when a user requires high speed data or LTE only capable services.
Another reason a dormant Pico may need to be reactivated involves possible coverage impacts with the Pico deactivated. Again from [2], “user accessibility should be guaranteed when a cell transfers to energy saving mode”. So an expectation is that a node is configured for ES only when the node provides extra capacity for a covering eNB owning a non-capacity boosting cell. Still, the possibility exists that an ES configured Pico meant solely as a capacity booster node and placed in a hotspot area, can result in shadowing, low performance, dead spots etc sometime in the future, even with good care taken during initial planning and drive testing and/or MDT verification.  Environment changes (new buildings and/or sources of interference) can later cause UE’s to experience weak coverage and/or RLFs upon cell(s) going dormant for ES which then result in poor QoS for such UE’s. The Pico cell then is providing a combination of both coverage and capacity and is not simply a capacity booster cell.
This implies another reason the Pico eNB may need to be re-activated via eNB interfaces is to meet coverage needs as well as for Macro capacity needs. If this happens it can be expected the esSwitch value will be switched to off, but given there is impact on UE accessibility, we believe action should be taken as soon as possible when this is discovered, i.e. not wait till the core discovers the problem with coverage if a coverage eNB has already determined there is a problem. Indeed the core may not even detect there is a problem.
Another reason a dormant Pico may need to be reactivated is for cell Out Of Service (OOS) based reasons at the Macro or covering cell. For instance, if the covering cell (candidate cell) for the smaller Pico cell is going to be Locked for administrative reasons [3] for a significant time period or a cell failure has been detected by the eNB or O&M such that the cell is OOS e.g. its operational state [3] is disabled or the cell is significantly degraded, then it should inform its neighbors and in particular a dormant cell it is covering for, i.e. send a Cell Activation Request message. It would also be beneficial to include an appropriate reason for the cell reactivation request. 
Similarly, the coverage cell should indicate it is OOS via the eNB Configuration Update message, particularly to cells it is a candidate to cover for so they do not go dormant. An update to the Deactivation Indication IE seems the clearest way to do this. It’s also possible neighbors could detect a problem thru the RESOURCE STATUS UPDATE message reporting and/or the LOAD INFORMATION messaging, e.g. if the covering cell stops sending periodic RESOURCE STATUS UPDATE messages, but this may take longer to detect and is less explicit as to what actually happened. 
Conclusion
In conclusion, we have discussed the need for activating via eNB interfaces a dormant cell besides for capacity needs, namely for some UE power/data, cell OOS and coverage reasons or needs in accordance with the scope given in [2]. Therefore we propose to update stage 2 to reflect this fact by adding the following text shown in underline below to [1]:
Proposal 1
“All informed eNBs maintain the cell configuration data also when a certain cell is dormant. ENBs owning non-capacity boosting cells may request a re-activation over the X2 interface if capacity, UE, cell OOS, or coverage needs in such cells demand to do so. This is achieved via the Cell Activation procedure. “
Nokia Siemens Networks has prepared a CR in [4] if this can be agreed. Whether updates to stage 3 are required needs further study, but adding a cause to indicate the reason to reactivate the capacity booster cell would seem useful in order for the cell to know what further actions to take. 
Proposal 2
Also proposed is to discuss how the capacity booster cell detects a cell covering for it is OOS. One possibility is an update to the semantics for the Deactivation Indication IE [5] in the eNB Configuration Update message in order to indicate a coverage cell is OOS and is not providing service. This should be used at least by cells covering for other cell(s) when they know they are no longer able to provide coverage to UE’s. This indication then enables other cell(s) not to deactivate for energy savings reasons during time periods the covering cell is unavailable. A proposed update is as follows:
	>Deactivation Indication
	O
	
	ENUMERATED(deactivated,
…)
	Indicates the concerned cell is switched off for energy saving reasons or is OOS or degraded
	YES
	ignore



Nokia Siemens Networks would be happy to draft a stage 3 CR if this can be accepted.
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