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Restart Indication

After a restart of one or more or all cells under an eNodeB, cells that should have been broadcasting a warning message and are not because the cells have lost their warning message data shall be reloaded.
If the eNodeB is able to reload those cells it shall do so. If the eNodeB cannot reload those cells, the eNodeB shall indicate to the MME that reloading is required.

Two alternatives have been identified for the eNodeB to indicate that reloading is required.

1. A Restart Indication which contains a list of Cell IDs of cells that need to be reloaded

2. The S1 Setup Request which indicates to the MME that the entire eNodeB has restarted

Analyses of alternative 1 (one2many):

The Restart Indication is a new message type.
The Restart Indication is sent by the eNodeB to an MME in the MME pool and contains a list of Cell IDs of the cells that need to be reloaded. 

The MME forwards the Restart Indication to the CBC.

The CBC generates a Write-Replace Request in which the Warning Area List consists of the list of Cell IDs of to-be-reloaded cells. The Tracking Area List contains a list of Tracking Areas that are served by the cells in the Warning Area List. This implies that the MME will forward the Write-Replace Request to all eNodeBs that serve the Tracking Areas contained in the Tracking Area List, whereas only one single eNodeB will make use of the request; the other eNodeBs will ignore the request.
The Restart Request allows the reloading of a single cell, multiple cells, to all the cells under the eNodeB if the entire eNodeB has restarted.

Analyses of alternative 2 (Ericsson):

The S1 Setup Request is sent to all attached MMEs by an eNodeB after it has restarted. The MME will send a Restart Indication containing the Tracking Areas of the cells that have restarted and, optionally the eNodeB ID, to the CBC. 
In case the CBC can only use the Tracking Area List in the Indication, the CBC generates a Write-Replace Request in which the Warning Area List and the Tracking Area List contain the list of Tracking Areas that are provided in the Indication. This implies that the MME will forward the Write-Replace Request to all eNodeBs that serve the Tracking Areas contained in the Tracking Area List, whereas only one single eNodeB will make use of the request; the other eNodeBs will reject the request as duplicate, but these will return the Broadcast Completed Area List.

In case the CBC can use the eNodeB ID the CBC determines which cells are provisioned in the CBC database for this eNodeB and generates a Write-Replace Request in which the Warning Area List contains the list of Cell IDs of all cells under the eNodeB and in which the Tracking Area List contains the list of all Tracking Areas that are served by the eNodeB. This implies that the MME will forward the Write-Replace Request to all eNodeBs that serve the Tracking Areas contained in the Tracking Area List, whereas only one single eNodeB will make use of the request; the other eNodeBs will ignore the request.

The S1 Setup Request is only sent after an entire eNodeB has restarted. Therefore, the eNodeB will have to be able to reload individual cells that have restarted. If this requirement cannot be fulfilled the S1 Setup Request is not a suitable mechanism.

It is not advised that an eNodeB has persistent storage of warning messages. During the time the eNodeB is down the eNodeB may miss a request which leads to the CBC and eNodeB to be out-of-sync.
The S1 Setup Request may have to be extended with a unique identifier in order that the CBC can recognize identical Restart Indications coming to the CBC via multiple MMEs. Alternatively, the CBC may ignore duplicate Restart Indications from the same eNodeB during a configurable time period.

Reloading by the MME (NSN)
Rather than forwarding a Restart Indication to the CBC, the MME could take care of reloading the eNodeB. The MME should resend all Write-Replace Requests it has previously sent to the eNodeB which have not expired and which have not been killed by the CBC.
The advantage would be that the MME only reloads the eNodeB which indicated that one or more cells need reloading, or the entire eNodeB that has restarted. 

Since MMEs may operate in pools, it is possible that the CBC has sent the Stop Warning Request through another MME than it has sent the Write-Replace Request to. The MME that received the Write-Replace Request is not aware that a message has been stopped and reloads the Write-Replace Request.

Reloading by the MME does not work correctly.

Conclusion
Use of the S1 Setup Request is a solution that has no RAN impact and works correctly in case eNodeBs are capable of reloading individual cells.
Reloading by the MME does not support scenarios where a CBC sends requests randomly through any MME in a pool.

Storing a message in the MME is not necessary in any case and can even lead to problems in case the S1 link is down: If the S1 link comes up and the MME forwards the message to the eNodeB, the MME may reload a message that has already been killed.
Recommendation

Agree on CRs for a Restart Indication.
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