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1
Introduction

During RAN3#79 meeting, RAN received an LS R3-130347[1] from SA1, in which SA1 requested the following information from RAN3:
SA1 asks RAN3 to provide information on the scope and status of resilience and restoration work relating to network node failures and loss of connectivity to any nodes under their responsibility
In this contribution, we discuss how SON features can help with network resilience and restoration. 
2
Discussion
SON solutions were developed to ease the burden of the operator in managing LTE networks by automating many procedures for the configuration and optimisation of LTE networks. However, many of those automated procedures can also help with network resilience and restoration in case of network node failures and/or loss of connectivity between nodes.

Self-configuration
TS36.300 describes self-configuration procedures like dynamic S1-MME interface and X2 interface which allow an eNB to quickly set up those connections at start up. However, should an eNB suffer a temporary power failure or needs to be reset, for example, such procedures can help the eNB to automatically and quickly restore its interface connections. Moreover, eNBs can automatically choose a physical cell identity which can help to quickly restore the radio coverage following a failure. 

Observation 1: Dynamic S1-MME interface setup, X2 interface setup and automatic PCI configuration can help with eNB restoration in case of temporary failures.

Another self-configuration procedure available in the radio access network is the Automatic Neighbour Relations (ANR) procedure. This procedure allows an eNB to automatically build a neighbour relations table (i.e. identify neighbour cells for serving cells of the eNB) with the help of UE reported information on newly found cells. This procedure helps the operator with the configuration burden related to updating neighbour cell relations. The neighbour cell relations are needed so that eNB can successfully handover a UE to a reported neighbour cell that is a neighbour relation.

In emergency situations, it can be envisaged that public safety staff (in collaboration with the operator) may want to deploy temporary base stations in disaster zones in order to provide coverage for emergency staff and the public. ANR can thus help an operator to quickly restore network coverage in disaster areas by helping with the configuration of neighbour relations in newly deployed eNBs and also help surrounding eNBs (not affected by the disaster) to update their neighbour relations. 
Observation 2: ANR function can help operators with restoration of network coverage in disaster areas with the use of temporary base stations. 
Self-Optimisation

Many features have been specified for the radio access network to automatically adjust and optimise its configuration parameters in order to distribute load among cells, increase the robustness of handover and improve energy saving in the network.
If we consider mobility load balancing procedures, an eNB can take action to reduce its load by handing over UEs to neighbour cells or changing handover/reselection parameters so that UEs find neighbour cells as more appropriate and either reselect or trigger the serving eNB to initiate handover towards neighbour cells.
Similarly, for energy saving reasons, an eNB may autonomously decide to turn off and inform its neighbours that it is a dormant state so that communication between eNBs (over X2) can quickly resume if the cell is re-activated. 

If an eNB identifies that there is loss of connectivity with the MME (but with the radio interface still working), it can take several actions based on signalling defined for SON features or other specified signalling:

· eNB may inform its neighbours that it is temporarily switching off (e.g. using eNB configuration update message) so that the eNBs maintain the configuration data. If the eNB connectivity to the MME is subsequently restored, the eNB may send a reactivation request to neighbour eNBs (using procedures defined for energy savings) to quickly restore communication between the restored eNB and its neighbours.

· eNB may redirect UEs to alternative coverage by using release with redirection procedure instead of a handover procedure. 

· eNB may push off cell edge idle mode UEs to neighbour cells by changing cell reselection parameters. 
Observation 3: Procedures specified for energy saving purposes may help eNBs (with loss of connectivity to the MME) to temporarily switch off the radio interface and inform its neighbours that it is in a dormant state in order to allow quick restoration of communication between eNBs once the connectivity issue with the CN is fixed. 
Observation 4: eNBs with CN connectivity issues may redirect UEs to neighbour eNBs or alternative coverage by using existing specified signalling e.g. RRC Connection Release with redirection or by changing cell reselection parameters.  
3 Conclusion

In this contribution, we briefly highlight how SON features can help with network resilience and node restoration. We make the following observations:

Observation 1: Dynamic S1-MME interface setup, X2 interface setup and automatic PCI configuration can help with eNB restoration in case of temporary failures.

Observation 2: ANR function can help operators with restoration of network coverage in disaster areas with the use of temporary base stations. 
Observation 3: Procedures specified for energy saving purposes may help eNBs (with loss of connectivity to the MME) to temporarily switch off the radio interface and inform its neighbours that it is in a dormant state in order to allow quick restoration of communication between eNBs once the connectivity issue with the CN is fixed. 
Observation 4: eNBs with CN connectivity issues may redirect UEs to neighbour eNBs or alternative coverage by using existing specified signalling e.g. RRC Connection Release with redirection or by changing cell reselection parameters.  
RAN3 is kindly requested to discuss and agree on the observations in this document and use agreed observations as input to the reply LS to SA1.
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