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Abstract of the contribution:
This contribution proposes a new mechanism to allow load re-balancing between MMEs that would keep the bearers of the UE.

1. Introduction
One load re-balancing mechanism has been described in 3GPP TS 23.236 “Intra-domain connection of Radio Access Network (RAN) nodes to multiple Core Network (CN) nodes” 2G/3G networks.

The mechanism described has some drawbacks that should appear in a more visible way in LTE, in particular due the duration of the procedure and the impact to the user experience as active sessions are lost.

This paper proposes a new solution for LTE allowing re-distributing load of a MME to another MME without interrupting the active service.
2. Discussion

Current load re-balancing mechanism:
The mechanism described in 23.236 is in 3 phases, summarize below:
· For IDLE mode UEs: in a first phase (a couple of Periodic LU/RAU periods long), when receiving a LU/RAU or Attach from an IDLE UE, the RNC forwards the UE message to current SGSN and this SGSN returns a wrong information to the UE (such as an invalid location data) to force it to re-iterate it signalling with the Network, a second time. When the UE updates its location again, the RNC then routes this second message to a new SGSN.
· For ACTIVE UEs: in a second phase, the SGSN explicitly requests all ACTIVE UEs trying to set up bearers to detach and to reattach. When they re-attach, the current SGSN processes the Attach as described in the first phase above in order to force the UE to immediately re-iterate its location update which cause the RNC to route the second request to a new SSGN. 

· In a third phase, the SGSN scans all remaining UEs and initiates a new message to each of them to explicitly requests them to detach and to reattach. When they re-attach, the current SGSN processes the Attach as described in the first phase above.
While this works, the mechanism has some drawbacks that can become more problematic in EPS which has more constraints:
1) The 3 phases approach is long, as one of LTE goal is to reduce overall delays, another solution should be looked at.
2) All the phases rely on 2 steps: each UE signaling is performed twice. This increases the signaling load. In the 3rd phase also, another additional signaling is added towards all remaining UEs as the SGSN explicitly request them to detach. This also increases the overall signaling load in the Network. 

As one of LTE goal is to reduce signaling with the UE and to speed up procedures, another solution should be looked at.

3) Active UEs are requested to detach and to re-attach; their sessions (PDP contexts) are lost. 
This is an interruption that does not offer a good service from the User perspective.

Also, it is expected that in EPS Networks UEs will be always-on: bringing the majority of UEs to disconnect will make them suffer from the re-balancing mechanism ongoing in the Network. This shall be avoided for the end-user. 
4) There is extra signalling to detach the UE: this adds delay for the service recovery. 

5) The 2G/3G mechanism implies a specific handling of the TAU/Attach procedure in the UE.
Current eNodeB routing of Attach/TAU message has been agreed at last SA2 meeting based on GUMMEI information that the UE provides at RRC layer in line with GUTI information provided at NAS layer. To allow routing of the TAU/Attach message to a new MME, the UE shall not send anymore the GUMMEI at RRC layer.

6) As extra and specific signaling with the UE is needed, the UE knows that the MME is overloaded or under download process.

We think Network configuration / re-configuration should remain invisible from the UE perspective.
New proposal for re-balancing mechanism:

With to ongoing work in RAN3 regarding S1 load information, eNodeB knows MME load status. There is interest in re-using this capability to allow the eNodeB to immediately decide to re-route some of the UE messages to a new MME when the current one is overloaded, or has to be unloaded. It is proposed that for IDLE mode UEs, when receiving signaling (a TAU/Attach) from an IDLE UE, if the current MME node serving this UE has to be unloaded, the eNodeB selects immediately a new MME node and routes the UE signaling to this new MME (TAU/Attach Request). 
A solution is also needed for UEs which are ACTIVE or transitioning from IDLE to ACTIVE (using a Service Request message).
The eNodeB could route a Service Request to a new MME as for IDLE mode UE messages described above. But, as the new MME needs to retrieve old MME context, Service request procedure would be longer and would need to get the whole old MME identifier (GUMMEI) to the new MME. As the UE does not know whether some MME download process is taking place within the Network, this information would have to be always provided by the UE. The signaling of such additional information at RRC layer and the extra step required for the context transfer does not satisfy the LTE requirement for an optimized IDLE to ACTIVE transition so is not the preferred solution. 
It is then seen as preferable to look for another approach in which signaling of Active UEs would always be sent to the current MME by the eNodeB but that ACTIVE UEs are transferred to a new MME in a background way by the eNodeB. It is proposed that the eNodeB initiates a Handover procedure to relocate the Active UEs to a new MME in case the current MME needs to be unloaded. This Handover procedure will be specific as the source and target eNodeB are identical, but MME has to be changed. A S1-based relocation procedure can be used for that purpose with a particularity that source and target eNB are identical. During the HO, the new MME will perform an update of the UEs GUTI, so that subsequent UE access the network will be routed to the correct new MME.

Note that if there is a need to decrease the load of a MME, the OAM can be avoided in the eNodeB as the eNodeB can start moving UEs to another MME based on S1 load information. If there is a need to restart a MME, either OAM shall be done in the eNodeB or some solution could be studied in RAN3 to get appropriate S1 information.

3. Conclusion
One of the main advantages of this proposal is also that Active UEs are transferred to a new MME via a handover procedure, so that all UE ongoing sessions are transferred and the UEs are not detached. This new load re-balancing mechanism is a one step approach as re-balancing of UE message is done immediately to a new CN node and Active UEs are re-balance in a background manner with no interaction with the UE. 
This saves signaling, processing and time and is more efficient to support LTE constraints. This should provide a good LTE service from end-user perspective and in addition, re-balancing remains transparent to the user.

It is proposed that 3GPP SA2 adopt the above mechanism and associated changes to TS 23.401 proposed in associated CR of S2-081491.
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