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1. Problem Statement:

If an alert is to be broadcast to multiple cells in an eNb and if the eNB is partially down (one or more of the cells cannot broadcast) and if the eNb recovers from that failure i.e. cell recovers, the current specification does not result in the alert broadcast to that recovered cell. The users in that area will never get an emergency notification. This is a public safety concern and issue. This is explained in figure 2 below:

For instance, if a building is hijacked by terrorists, residents served by the cell C1 will not receive an alert when C1 is down. This is to be expected as the cell is operationally down however when the cell recovers, system design should allow warning messages to be broadcasted in C1 both for the sake of original residents and late entrants. This is a limitation with current solution in 3GPP as there is no auto-restart in the eNB nor indication from other network elements to initiate the broadcast.
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 Figure 1: Partial failure case – problems with the current specification

2. Failure detection and reporting

When eNB detects a cell is operationally down, it can report the failure towards the MME with the failed cell list. MME can in turn forward the failure indication towards the CBC. This is to enable CBC’s awareness of failed cells (i.e. cell status). 
3. Analysis and solution options for restart
In order to address the “eNB partial failure” issue identified above, following solution options have been considered.
1. Retain 2G / 3G concepts in LTE i.e. restart indication from eNB to MME / CBC that results in new WRWR to broadcast in recovered cells.
2. Restart indication from eNB to MME results in new WRWR to broadcast in recovered cells. MME notifies CBC with WRWI message.
Solution option 1:

MME has no knowledge of eNB to cell configuration. MME knows about the eNBs via the tracking area. A tracking area may include multiple eNBs. When a cell is recovered, if the eNB reports that recovery via a RESTART message and if the MME relays that message to the CBC and CBC issues a Write Replace Warning Request, the Write Replace Warning Request will have the TAs. The Write Replace Warning Request can go to multiple eNBs that cover that TA. Unnecessary signalling where the WRWR should have gone to just one eNB. This is explained in figures 2   3 below.
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Figure 2: Imported concepts from 2G/3G
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Figure 3: Bigger problems with imported concepts from 2G/3G concepts

Solution option 2:

This solution proposes that MME should use its internal logic and just return a Write Replace Warning Request message with that recovered cell in the Warning Area list when it receives Restart indication from the eNB upon recovery from partial failure. Only one eNB is notified in this. 
Assumption is that MME will re-calculate the number of broadcast attempts and duration based on the validity time when it distributes the WRWR messages towards the eNB(s).

This is illustrated in the figure 4 below:
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Figure 4: MME-initiated broadcast.
It needs to be noted that the MME may send write replace warning request for all the outstanding messages in the given eNB as it is not aware of the cell. 

4. Hybrid of Solution options #1 and #2

Hybrid of solution options 1 and 2 is also possible by introducing a simple indicator (e.g. flag) in the Restart message sent towards the CBC. If the MME supports the functionality specified in option #2, then MME can include this flag to notify that CBC based restart is not required. If the MME does not support this functionality specified in option #2, then MME can omit this flag and simply forward the restart indication as specified in solution option #1. As a result, co-existence of both solution options are possible.
5. Comparison

In our analysis, solution option 2 has significant advantages over solution 1 in terms of number of signalling messages. It is explained here with a simple illustration. We assume that 1 TA comprises <= 100 eNBs.
If a TAC consists of 80 eNBs and there is 1 CMAS alert pending: 

When a cell in an eNB in that TAC becomes active: 

CBC-based restart: 

· CBC sends WRWR to 1 MMEs, for the CMAS alert. 

· MME sends the WRWR to 80 eNBs ( a total of 80 WRWRs * 1 alert ( 80 WRWRs.

MME-based restart: 

· CBC sends 0 WRWR to MME

· MME sends the WRWR to 1 eNB for 1 alert ( total of 1 WRWRs * 1 alert -> 1 WRWR.
6. Benefits of Solution #2

MME based restart can also applied to restart broadcasting when eNB recovers from “total failure” or a new eNB comes up with S1 setup. CBC based restart cannot be applied for this scenario as MME cannot populate the list of Cell ID(s) to be included in the failure / restart message.

Note: If all the cells in the eNB fail or the S1 link between the MME and eNB go down, then from an MME perspective, whole eNB is considered to be operationally down. Upon recovery i.e. set up of new S1 connection, MME can determine that the eNB is now considered to be operationally up. 

7. Proposed way forward

CT1 should discuss the problem statement and decide whether the solution should be specified for failure reporting and broadcast restart. CT1 could not agree on solution #2 during the last meeting thus our proposal is to introduce the following that is common to both approaches:
1. Failure Indication from eNB to MME to notify failure.

2. Failure Indication from MME to CBC to notify failure

3. Restart Message from eNB to MME to indicate restart.

4. Restart Indication from MME to CBC to notify restart.

Based on configuration or local policies, MME can indicate to CBC in the restart indication if action is required.

8. Appendix

Why solution #1 CBC based restart will not work for “total failure scenario”? MME does not have access to list of cell ID(s) managed by eNB(s). MME will provide the list of TAs in the restart area list and this may result in unnecessary broadcast being performed in all the cell sites within the same TA although only eNB1 recovered from total failure.
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Figure 5: Total failure with “CBC based restart”
Why solution #2 MME based restart will work for “total failure scenario”? With MME based restart, it works elegantly and broadcast can be resumed only in the recovered eNB.
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Figure 6: Total failure with “MME based restart”
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