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1
Introduction
This paper provides a summary of issues  related to MME overload, and builds on discussions and contributions to RAN3#87 from several companies. We provide four proposals for update of the standard, in particular for support of GWCN deployments, but also to enhance support for MOCN.
2
Overview of the issues
2.1 Backwards compatibility aspects of the GUMMEI List IE:

The GUMMEI List IE was introduced  in Rel-10 to enable Relay eNBs (ReNBs) to reject appropriate traffic in case of MME overload, but the generic term "eNB" was  used in the stage 3 CR [1]:  "If the GUMMEI List IE is present, the eNB shall, if supported, use this information to identify to which traffic the above defined rejections shall be applied."

A stage 2 description is also provided in TS 36.300: "Upon reception of an S1 MME overload message, the DeNB sends the MME overload message towards the RN(s), including in the message the identities of the affected CN node. "

HeNBs behind a HeNB GW also need this information, as documented in TS 36.300 [2] with a similar description:
-
Upon receiving an OVERLOAD message, the HeNB GW should send the OVERLOAD message towards the HeNB(s) including in the message the identities of the affected MME node.

It is therefore possible to claim that a pre-Rel-13 eNB/HeNB GW/DeNB (with a direct S1 link to the MME) will ignore the GUMMEI List IE (if included by the MME). In the case of HeNB GW and DeNB ignoring the received GUMMEI List IE upon reception, these nodes may fill in the GUMMEI List to be sent to HeNBs or Relay eNBs using information received during S1 Setup or configured information.
· Issue 1a: A pre-Rel-13 eNB/HeNB GW/DeNB may ignore the GUMMEI List IE if received from the MME, and will in that case consider MMECs corresponding to the S1 connection as overloaded for all PLMNs.
 Another backwards compatibility aspect is related to pre-Rel-13 HeNBs and ReNBs having implemented the GUMMEI List IE to support non-shared or MOCN networks (considering GWCN not being supported by pre-Rel-13 nodes). These nodes may rely on the MMEC information exclusively, and ignore the PLMN information contained in the GUMMEI List IE.

· Issue 1b: A pre-Rel-13 HeNB or pre-Rel-13 Relay eNB may ignore the PLMN information contained in the GUMMEI List IE.
2.2 "Replace"-statement in stage 3:

The procedural text for OVERLOAD START contains the following statement: "If an overload action is ongoing and the eNB receives a further OVERLOAD START message, the eNB shall replace the ongoing overload action with the newly requested one."
If the "replace" action in the present statement is understood to concern the entire OVERLOAD START message (i.e. the last received OVERLOAD START will override any previously received message on a given S1 link), the statement 
will not be compatible with use in a GWCN deployment, where a MME may need to signal different overload actions for its different sharing PLMNs (only a single overload action is contained in the message). 

· Issue 2: The "replace" statement in stage 3 may not allow to differentiate the overload action per sharing operator (PLMN).
2.3 Choice of appropriate overload action when the UE provides MMEC.
Knowledge of whether an MMEC A is entirely overloaded, or whether the overload only concerns specific PLMN(s) determines the eNBs' action to mitigate overload situation in the following nominal case:

· OVERLOAD START message has been received from an MME using the MMEC A (GUMMEI List IE not present), or the OVERLOAD START message contains a GUMMEI with MMEC A,
· and the UE provides an S-TMSI in the RRC Connection Request message, containing MMEC A.
In an MOCN deployment, a single MMEC will serve a single PLMN, and the eNB/HeNB/ReNB may directly reject the RRC connection using the RRC Connection Reject message. 

In a GWCN deployment, the eNB/HeNB/ReNB first needs to determine whether the the MMEC A is entirely overloaded for all the PLMNs it serves. In that case the eNB/HeNB/ReNB may directly reject the RRC connection using the RRC Connection Reject message like in the MOCN deployment. Otherwise the RRC setup must be completed, and released when the PLMN selected by the UE is known if that PLMN is overloaded. Rejecting with the RRC Connection Reject message permits the eNB to provide WaitTime information indicating when the UE may reattempt to setup the RRC connection. The RRC Connection Release message doesn't contain this information, but this latter message has to be used if MME load balancing TAU is desired.
Issue 3: In a GWCN deployment, current signaling doesn't permit an eNB/HeNB/ReNB to differentiate between MMEC overload and PLMN overload within an MMEC. In case of PLMN overload within an MMEC, RRC Connection Release has to be used.
It might still be discussed whether such differentiation is strictly needed, or whether the eNB/HeNB/ReNB may always use RRC Connection Release in GWCN deployments.
2.4 Choice of appropriate overload action when all MME resources for a given PLMN are overloaded.

In both MOCN as well as GWCN deployments the current S1 Setup procedure does not provide full information about which MMEC(s) that are serving which PLMN. As a consequence,  upon reception of an OVERLOAD START message for a given PLMN, at least HeNBs and ReNBs will not know whether some other MMEs (MMEC(s)) have available resources to serve the signaled PLMN. It also seems to us that in particular scenarios where some MMEs or MMECs are partially overloaded, this information may also not be available in eNBs and HeNB GWs. If no CN resources are available for the PLMN, the eNB/HeNB/ReNB might do some specific action, e.g. to avoid UEs attempting to setup RRC connections by triggering PLMN specific Access Class Barring (ACB) [3] and/or Extended Access Barring (EAB) for that PLMN. It also seems clear that MME load balancing TAU will not be an appropriate action in this situation.

Issue 4: In MOCN and GWCN deployments, in case of PLMN specific CN overload, eNBs/HeNBs/ReNBs will not know whether the PLMN is overloaded in all MMEs by which it is served, and hence can't take appropriate action. 
Further details are provided in annex.

3
Discussion and proposals
The present section aims at identifying a signaling solution that takes into account issues 1-4 of section 2. 

In a first step it can be seen that while issues 1a and 1b point towards a need for clarification in the standard relative to the support and interpretation of the GUMMEI List IE, issue 3 creates a need (possibly an optimization) to differentiate between two types of overload (MMEC overload vs. PLMN overload within an MMEC).

A possible way forward would then be to clarify that the eNB upon reception of the GUMMEI List IE shall only consider the MMEC information within the list, and hence consider that this legacy IE provides information about MMEC overload. This interpretation is consistent with the absence of support of GWCN deployments in legacy releases.

Proposal 1: Clarify in the standard that the eNB upon reception of the GUMMEI List IE shall only consider the MMEC information contained in the IE, and hence consider that this legacy IE provides information about MMEC overload.

As a consequence, an additional IE is needed to provide information about PLMN overload within an MMEC. For this purpose we propose to introduce a GUMMEI List2 IE. The GUMMEI List2 IE is intended to be sent by the MME, and forwarded by the HeNB GW and the DeNB.
Proposal 2: Introduce a GUMMEI List2 IE for the purpose of informing about PLMN overload within an MMEC.

In our view, additional information is also required to handle issue 4. One clear solution would be to add an Overloaded PLMN IE, which is intended sent by the MME or the HeNB GW / DeNB. If sent by the HeNB GW or the DeNB, its contents would need to take into account the overall PLMN overload situation.
Proposal 3: Introduce an Overloaded PLMN IE for the purpose of informing about PLMN overload within an MME (if received by an eNB/HeNB GW/DeNB), or the overall PLMN overload (if received by a HeNB/ReNB). 
Finally, in order to solve issue 2, we propose the following clarification in TS 36.413: 
"If an overload action is ongoing for a given GUMMEI and the eNB receives a further OVERLOAD START message applicable to that GUMMEI, the eNB shall replace the ongoing overload action with the newly requested one."
Proposal 4: Clarify the replace statement for overload action in TS 36.413 as proposed above.
4
Conclusion
We have described 4 issues relative to MME overload, in particular related to support of GWCN deployments, but one issue also concerns MOCN (issue 4 – no CN resources for a given PLMN). We make the following proposals:

Proposal 1: Clarify in the standard that the eNB upon reception of the GUMMEI List IE shall only consider the MMEC information contained in the IE, and hence consider that this legacy IE provides information about MMEC overload.

Proposal 2: Introduce a GUMMEI List2 IE for the purpose of informing about PLMN overload within an MMEC.

Proposal 3: Introduce an Overloaded PLMN IE for the purpose of informing about PLMN overload within an MME (if received by an eNB/HeNB GW/DeNB), or the overall PLMN overload (if received by a HeNB/ReNB).
Proposal 4: Clarify the replace statement for overload action in TS 36.413 as proposed above.
We have submitted the corresponding CR to this meeting in [4].
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Annex

In this annex we provide an example to illustrate issue 4 based on Fig. A1 below.


[image: image1]
Figure A1: GWCN deployment (eNB / HeNB GW connected to a single MME pool (GroupID = 1))

For issue 4, cf. overload scenario 1 illustrated in Fig. A1, and the yellow highlights in Fig. A1 and in the S1 SETUP RESPONSE signaling example below. As shown, based on existing signaling, any eNBs (and HeNB GW) with direct S1 connections to the CN will be aware of PLMN support per S1 connection, however the HeNBs behind a HeNB GW will not have full information, e.g. in the example provided in Fig. A1 the HeNBs will not know whether any other MME also serves PLMN 1, in which case it would have available resources for PLMN 1 in the case of overload scenario 1.

The ambiguous signaling for issue 4 can be resumed as follows:

S1 SETUP RESPONSE

· from MME A contains:





PLMN 1?/2

Group ID 1
MMEC 1/5
· from MME B contains: 





PLMN 1/2


Group ID 1
MMEC 2/3

· from MME C contains: 





PLMN 3


Group ID 1
MMEC 4

· from HeNB GW to HeNB contains: 

PLMN 1/2/3

Group ID 1
MMEC 1/2/3/4/5
It can also be seen from Fig. A1 that the situation for the eNB and the HeNB GW has some similarity with the HeNB's situation. The eNB / HeNB GW have more information, because they receive S1 SETUP RESPONSE messages separately from MME A and MME B. Still they will not know e.g. in the MME A, whether the PLMN 1 is served by MMEC 1 or MMEC 5, or both.
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