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1
Introduction
Part of the objective of the work item [1] is: e) eNodeB reporting to the CBC on (un-) availability of cells for broadcasting warning messages. In this paper it is shown how sufficient information is provided to the CBC in order for the CBC take subsequent actions towards the eNodeB to restart the broadcast. This paper is mainly intended for CT1 as input for stage 2 discussions but is also submitted to CT4 and RAN3 for information.
2
Discussion
In this paper the following errors in the eNodeB or on the interface between the eNodeB and MME are taken into account:

1. MME cannot send message to eNodeB (S1 failure)
2. PWS warning information lost in the eNodeB (e.g. restart)
2.1 S1 transfer error
If messages cannot be exchanged over the interface it is not possible for the eNodeB to convey information to the MME in a response message. In order to achieve a robust mechanism the network needs to be designed to use absence of received information as today when the MME supports the Write-Replace Warning Indication. Consider four cells on three different eNodeBs with E-CGI and TAI configured according to Table 1 including the error cases S1 failure and Failure to start broadcast (message identifier and serial number are always included hence not needed in the example).
	E-CGI
	Global eNB ID
	TAI
	Error

	1
	1
	1
	-

	21
	2
	1
	S1 signalling error

	31
	3
	1
	Unable to start broadcast in the cell

	32
	3
	1
	-


Table 1: Cell configuration including error descriptions. 

Scenario: CBC triggers the Write-Replace Warning procedure with the Warning Area List IE set to TAI = 1. 
When the MME has completed the Write-Replace Warning procedure it triggers the Write-Replace Warning procedures towards the eNodeBs indicating successful start according to Table 2.
	Global eNB ID
	TAI
	E-CGI

	1
	1
	1

	2
	1
	No response

	3
	1
	32


Table 2: Received information in the MME from the eNodeB in the Broadcast Completed Area List IE in the Write-Replace Warning Response message.
The MME forwards the information to the CBC using the Write-Replace Warning Indication message. If the CBC is to detect the (un-) availability of cells it has to be configured with at least the cells in the network and which TAI(s) they belong to (multiple TAIs in shared networks since up to six broadcasted PLMNs). When there is a S1 Failure the MME does not receive any information from the eNodeB hence the CBC needs to be configured with the cells in the network and preferably also the TAI they belong to. Using this configuration for this scenario the CBC may be configured with the information of which cells belong to which TAIs. 
	TAI
	E-CGI
	Status

	1
	1
	Broadcast started acknowledged

	1
	21
	Broadcast start timeout

	1
	31
	Broadcast start timeout

	1
	32
	Broadcast started acknowledged


Conclusion: The standard already provides the mechanisms for the CBC to know which cells successfully started broadcast and which did not.
With the information further actions is up to the CBC implementation (e.g. trigger a new Write-Replace Warning Request and how many repetitions). 
2.2 eNodeB restart

The second error analysed in this paper is that the Write-Replace warning procedure between the MME and eNodeB has been successfully completed, at least one cell is participating in the broadcast, and subsequently the eNodeB needs to be restarted. The two eNodeB implementations that need to be considered are:
Implementation 1: The eNodeB stores the information required to restart the active PWS session
Implementation 2: The eNodeB does not store any PWS information
In the following two sections the two implementations are analysed. Note that if only a part of the eNodeB is restarted and the S1 interface is operational the eNodeB has the responsibility to restart the broadcast as soon as possible since all information is available in the node.
2.2.1 Network analysis using persistent storage of PWS data in the eNodeBs
For the Write-Replace Warning Request persistent storage of the PWS information solves the problem associated with the eNodeB restart as shown in Figure 1. 
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Figure 1: eNodeB restart using persistent storage of active PWS broadcasts
Since the eNodeB has stored the latest received information before restart (eNodeB assumed to store the information before sending the Write-Replace Warning Response) the CBC and eNodeB will be kept synchronised. Note that if the CBC sends a Write-Replace Warning Request while the eNodeB is restarting a time out as described in section 2.1 occurs.
Observation 1: Persistent storage of active PWS broadcasts solves the problem of eNodeB restart.
The next sequence to analyse is that the eNodeB is restarting when the CBC initiates the Stop Warning procedure as shown in Figure 2.
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Figure 2: Stop Warning Request when the Kill procedure fails 
Note that a difference between the Stop Warning procedure and the Write-Replace procedure is that there is no message equivalent to the Write Replace Warning Indication.
Observation 2: The CBC and eNodeB lose synchronisation if the eNodeB does not receive the Kill Request because of eNodeB restart.
2.2.2 Network analysis when not using persistent storage of PWS data in the eNodeBs
This solution avoids to the problem with the extra state in the eNodeB which causes the eNodeB and CBC to lose synchronisation. However, in case there is an eNodeB restart the CBC needs to know that it has to reinitiate the Write-Replace Warning request procedure. One way of achieving this is to use the S1 Setup procedure as trigger to the MME. When the MME receives a S1 Setup request message it triggers a message (eNB Operational Info in Figure 3) indicating in which TAI(s) the eNodeB belongs to and optionally also the eNodeB to reduce the amount of signalling.
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Figure 3: eNodeB recovery adding indication to CBC that the eNodeB has recovered. Blue colour indicates required additions to the standard.
Observation 3: If eNodeBs do not reload PWS information after restart the CBC and eNodeB stay synchronised.

There are also other reasons besides eNodeB restart (e.g. when all S1 links are sharing the same backhaul and that fails) why the eNodeB does not receive the Kill Request message (Figure 4).
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Figure 4: Kill procedure not successful because of eNodeB restart but correct system behaviour. 
When this happens the CBC incorrectly assumes that the broadcast has been killed. Our proposal is to add a Kill Indication mechanism containing the cells where the broadcast is successfully stopped equivalent to the Write-Replace Warning Indication message. This allows the CBC to check in which cells there may be active broadcasts and get confirmation when stopped. This message can be sent quite soon since the MME will know very quickly that there is an error on the S1 interface. Note that the Global eNodeB ID needs to be provided to the CBC in order to identify which eNodeB has not provided a list of successfully stopped broadcasts.
3
Conclusions
Conclusion 1: From observation 1, 2 and 3 it follows that the eNodeB shall not load information about ongoing broadcasts because that will cause the CBC and eNodeB to become unsynchronised.
Conclusion 2: A new mechanism where the MME indicates to the CBC that a eNodeB has been added to the network (restarted) is needed as a trigger to the CBC to re-transmit the message to the area where the eNodeB is located.

4
Summary and Proposal

We kindly ask CT1 to
1. Add a new eNB operational info message between the MME and CBC including the TAI as mandatory information with criticality reject and the global eNodeB ID as optional information with criticality ignore.

2. Add a new mechanism for the Kill message similar to the Write-Replace Warning Indication message with the additional Global eNodeB identifier.
3. Add the global eNodeB id in the Kill Request and Write-Replace Warning request in order for the CBC to send re-transmissions of these messages to specific eNodeBs.
4
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