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1 Introduction
An Energy Savings (ES) method via deactivating unneeded capacity booster cell(s) at eNBs for the inter-RAT case is being standardized in R11. This document discusses possible signaling impacts when a node is Out of Service (OOS), e.g. a failure occurred or the cell is being administratively locked. Also discussed are the possible cell reactivation times and corresponding message retransmission impacts. Some solutions are also proposed.
2 Discussion
A number of RAN3Tdocs in recent meetings have provided potential solutions for extending the ES distributed signalling solution specified for the intra-LTE case to the inter-RAT case. Using RIM as the transport mechanism has been agreed.  NSN supports reusing the SON TRANSFER request and response containers as has already been proposed by some companies [1], [2]. We prefer to align with the intra-LTE case as far as possible. The basic ES inter-RAT messages are a Cell switch On/Off notification from the capacity booster sent via the eNB Direct Information Transfer procedure and Cell switch ON request from the coverage cell received using the MME Direct Information Transfer procedure. In this contribution we discuss a few issues with the inter-RAT signaling given the lack of an established transport connection between the base station nodes that ensures reliable, in-sequence delivery of application messages.
For inter-RAT ES signalling, in general O&M first configures the ES function at both capacity booster and coverage nodes to allow autonomously switch off a cell for ES. For the intra-LTE ES case, an X2 link is established between neighbour eNBs using SCTP as the transport mechanism with configuration data exchanged via X2 SETUP and eNB CONFIGURATION UPDATE procedures. But with RIM for inter-RAT communication such procedures and SCTP are not used. The neighbour relation of a capacity booster cell is configured with the isEScoveredby attribute set to yes for the coverage node, in this case a legacy node. 
But if a UMTS/GERAN cell node fails, or loses connection to the network, or is on battery backup or otherwise degraded e.g. w.r.t. coverage due to some partial failure, or is being taken OOS for administrative reasons for awhile, etc; there should be a means of indicating such events to the LTE Capacity booster cell. Otherwise the capacity booster cell may go dormant (which is bad if the only coverage cell is OOS) or may try to go dormant but fail if it cannot hand over UE’s (which is not nice). If the covering cell is not transmitting and the LTE Capacity booster cell is not dormant, then the covering cell could reuse the indication type procedure normally used by the LTE capacity booster cell to notify the legacy covering cell that the cell is not transmitting/deactivated. This then means that the cell ON/OFF notification could be sent by either node. Also an additional cause to indicate the reason a cell is off, e.g. ES or OOS is useful. When a legacy cell OOS comes back INS and begins transmitting again, the Cell On notification can be sent to indicate this. This then would properly enable the capacity booster cell to be able to transition to ES state if e.g. load conditions allow it to do so. 
If the LTE Capacity booster cell is dormant it should be reactivated if the coverage cell for it no longer is transmitting or degraded. The Cell Activation Request in the RIM container could be used for this purpose with an appropriate cause (OOS) added to distinguish this event type from a normal cell reactivation due to capacity needs at the covering cell. The cause would indicate that not only should the cell reactivate, but further it should not permit itself to go dormant again until the covering cell is transmitting again and providing the cellular coverage. Another possibility is sending the Cell Off notification as a signal to the capacity booster cell to reactivate. 

A second issue regards cell activation times from a dormant state. When a cell is sent dormant for ES, there can be different reactivation times depending on what is turned off for ES at the node. If only the radio tx/rx is turned off the reactivation time for the node can be on the order of milliseconds, but if a microprocessor is turned off and needs to be powered back on, then the reactivation time could be on the order of minute(s). If a clock oven is turned off for ES, reactivation time can exceed ten minutes. Reactivation times on the order of minutes present problems given the RIM transport for cell activation procedures. RIM transport (unlike with X2) is not considered reliable. Setting a retransmission timer value for minutes for an unreliable link in order to determine if resending a message is necessary due to message loss (i.e. no response message received) can cause excessive delays that are unacceptable. The legacy node requesting reactivation should therefore expect an indication whether the message was received regardless if the reactivation time is going to take awhile. A few alternatives possible for this issue include:
1) Specify the Cell Activation Response is returned immediately with either success or failure, even if cell reactivation has only started. UE’s will not detect the cell as activated till it actually starts transmitting.

2) Return a new Ack type message that the Cell ON Request message was received. Later return a Cell Activated Response when the cell is actually transmitting. 

3) Return the Cell Activation Response with a new IE indicating the node received the message and is in the process of activating. When the node is fully activated it can send a Cell On Notification to all neighbours including the cell that sent the Cell Switch On Request. 
3 Conclusions
In conclusion, we propose the following for the above two issues: 
1) Specify both capacity booster and legacy coverage cell may send the Cell On/Off  notification in the SON TRANSFER container which includes an appropriate cause (ES, OOS) indicating the reason for the cell being off
2) Specify that the Cell Switch On Request in the RIM container may include an optional appropriate cause (cell OOS)
3) Specify the Cell Activation Response message may include an optional IE which when present indicates the node received the message and is in the process of activating the cell as an extended activation time is necessary. When the node is fully activated it sends a Cell On Notification
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