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1. Introduction
The aim of this paper is to discuss few issues for MME failure featue, which is specified in 3GPP TR 23.857.
2. Clarifications to the Alternative Solution 4
This solution specifies the following main functionality:
1. In addition to volatile memory, MME reliably stores a limited set of parameters (IMSI, S-TMSI and TAI list) for such bearers that have operator determined features (e.g. QCI=5). Figure 1 illustrates such limited backup solution (LBS).

2. If MME fails, it should restart, typically within 5 minutes, or so. This is based on typical 99.999% resilience requirement.
3. MME recovers the limited set of parameters for all UE that meet operator determined criteria (e.g. QCI=5).
4. MME sends incremented restart counter to SGW with the first GTPv2 message.
5. Instead of removing associated resources, the SGW maintains the S5/S8 bearers that meet operator determined criteria (e.g. QCI=5) and starts a new timer.

6. If SGW receives downlink data or signaling from the PGW while the timer is running, SGW shall send to the MME an enhanced Downlink Data Notification message that includes IMSI.
7. MME pages the UE using S-TMSI and TAI list.
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Figure 1. MME with LBS
Point is that LBS type should not be standardized and should be left up to the implementation. Below is couple of LBS examples:
· LBS may be a conventional hard drive, if the MME architecture permits to simply plug such cheap hardware into the vanilla MME. In such case, the cost will obviously be negligible.
· LBS may be a simple standalone server, which is connected to the vanilla MME via any interface/protocol of the vendor liking. The server should be able to process around 1-20 Mbps data stream for a typical MME (see Ericsson's paper on this). The cost for such server once again will be negligible.

· MME may have higher resilience (6 or 7 nines) so that in practice it will never fail.

· Vendors may find other smarter solutions.

The above list is far from being exhaustive. So, each vendor is free to select own LBS type, protocol and so forth. Supposedly, vendors won't charge operators for such low cost hardware amendments.
3. SGW functionality while MME is down
If SGW receives a DL packet while the MME is not reachable (either path has failed, or the MME has failed), the SGW may either drop the packet, or buffer it hoping that MME becomes reachable quite soon. Typically, an SGW will drop the packet.
4. Detecting MME Failure without Restart
During an MME failure, the MME obviously cannot respond to Echos. So, an SGW will quickly detect a path failure. Cisco paper proposes to detect MME failure if the path failure persists for a specific period of time (e.g. is longer than 5 minutes, or so). The problem with this approach is that path failure may be cause by some network problems so that MME may be healthy. If SGW assumes MME failure prematurely, when path comes back EPC will have more problems then without such solution. One important to highlight matter is that the probability that a 99.999% reliable network will fail failure is exactly the same as the probability of the 99.999% resilient MME to fail. So, if we ignore severe network congestion and outages altogether, then we should also ignore MME failure without restart cases, because its probability is lower than the one with restart.

Ericsson paper proposes that SGW should use O&M for telling path failures from MME failures. This is a relatively new proposal and would require further studies.
Regardless of the selected algorithm, if SGW receives a DL packet after detecting an MME Failure without Restart and receives a DL packet, the SGW functionality is FFS.
5. Proposal

It is proposed to adopt Alternative Solution 4 as a way forward and focus on specifying SGW functionality for MME Failure without Restart case well before Salt Lake City meeting.
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