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4.3.7.4
MME control of overload

The MME shall contain mechanisms for handling overload situations. These can include the use of NAS signalling to reject NAS requests from UEs.

In addition, under unusual circumstances, the MME may need to restrict the load that its eNodeBs are generating on it. This can be achieved by the MME invoking the S1 interface overload procedure (see TS 36.300 [5] and TS 36.413 [36) to a proportion of the eNodeB's with which the MME has S1 interface connections. To reflect the amount of load that the MME wishes to reduce, the MME can adjust the proportion of eNodeBs which are sent S1 interface OVERLOAD START message, and the content of the OVERLOAD START message.

The MME should select the eNodeBs at random (so that if two MMEs within a pool area are overloaded, they do not both send OVERLOAD START messages to exactly the same set of eNodeBs).

Using the OVERLOAD START message, the MME can, for example, request the eNodeB to:

-
reject all non-emergency Service Request messages for that MME; and/or

-
reject all Service Request messages that are  response to paging for that MME; and/or

-
reject all new RRC connections for EPS Mobility Management signalling (e.g. for TA Updates) for that MME; and/or

-
only permit RRC connection establishments for emergency sessions for that MME.

Editor's Note:
The concept of emergency sessions should be extended to include Priority Sessions from Priority Services Subscribers (e.g. calls from emergency services personnel who are responding to emergencies).

When the MME has recovered and wishes to increase its load, the MME sends OVERLOAD STOP messages to the eNodeB(s).

Hardware and/or software failures within an MME may reduce the MME's load handling capability. Typically such failures should result in alarms which alert the operator/O+M system. Only if the operator/O+M system is sure that there is spare capacity in the rest of the pool, the operator/O+M system might use the load re-balancing procedure to move some load off this MME. However, extreme care is needed to ensure that this load re-balancing does not overload other MMEs within the pool area (or neighbouring SGSNs) as this might lead to a much wider system failure.

5.3.4
Service Request procedures

5.3.4.1
UE triggered Service Request
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Figure 5.3.4.1-1: UE triggered Service Request procedure

NOTE:
For a PMIP-based S5/S8, procedure steps (A) are defined in TS 23.402 [2]. Steps 9 and 11 concern GTP-based S5/S8.

1.
The UE sends NAS message Service Request (S-TMSI) towards the MME encapsulated in an RRC message to the eNodeB. The RRC message(s) that can be used to carry this NAS message are described in TS 36.300 [5].

2.
The eNodeB forwards NAS message to MME. NAS message is encapsulated in an S1-AP: Initial UE Message (NAS message, Cell Global ID of the serving cell). Details of this step are described in TS 36.300 [5].

3.
NAS authentication procedures may be performed.

4.
The MME sends S1-AP Initial Context Setup Request (Serving GW address, S1-TEID(s) (UL), Bearer QoS(s), Security Context, MME Signalling Connection Id, Handover Restriction List) message to the eNodeB. This step activates the radio and S1 bearers for all the active EPS Bearers. The eNodeB stores the Security Context, MME Signalling Connection Id, Bearer QoS profile(s) and S1-TEID(s) in the UE RAN context.  The step is described in detail in TS 36.300 [5]. Handover Restriction List is described in clause 4.3.5.7 "Mobility Restrictions".



5.
The eNodeB performs the radio bearer establishment procedure. The user plane security is established at this step, which  implicitly confirms the Service Request. This step is described in detail in TS 36.300 [5]. When user plane security has been established the EPS bearer state is synchronized between the UE and the network, i.e. the UE should remove any internal resources for bearers that are not set up.

6.
The uplink data from the UE can now be forwarded by eNodeB to the Serving GW. The eNodeB sends the uplink data to the Serving GW address and TEID provided in the step 4.

7.
The eNodeB sends an S1-AP message Initial Context Setup Complete (eNodeB address, S1 TEID(s) (DL)) to the MME. This step is described in detail in TS 36.300 [5].

8.
The MME sends an Update Bearer Request message (eNodeB address, S1 TEID(s) (DL), Delay Downlink Packet Notification Request, RAT Type) to the Serving GW. The Serving GW is now able to transmit downlink data towards the UE. The usage of the Delay Downlink Packet Notification Request Information Element is specified in clause 5.3.4.2 below.

9.
If the RAT Type has changed compared to the last reported RAT Type, the Serving GW shall send the Update Bearer Request message (RAT Type) to the PDN GW.

10.
If dynamic PCC is deployed, the PDN GW interacts with the PCRF to get the PCC rule(s) according to the RAT Type. If dynamic PCC is not deployed, the PDN GW may apply local QoS policy.

11.
The PDN GW sends the Update Bearer Response to the Serving GW.

12.
The Serving GW sends an Update Bearer Response to the MME.

5.4.5
UE requested bearer resource allocation

The UE requested bearer resource allocation procedure for an E-UTRAN is depicted in figure 5.4.5-1. The procedure allows the UE to request for an allocation of bearer resources to one new Service Data Flow with a specific QoS demand. If accepted by the network, the request invokes either the Dedicated Bearer Activation Procedure or the Dedicated Bearer Modification Procedure. The procedure is used by the UE when the UE already has an IP-CAN session with the PDN. A UE can send a subsequent Request Bearer Resource Allocation Message before the previous procedure is completed.
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Figure 5.4.5-1: UE requested bearer resource activation

NOTE:
Steps 1, 2, and 5 are common for architecture variants with GTP-based S5/S8 and PMIP-based S5/S8. The procedure steps marked (A) differ in the case that PMIP-based S5/S8 is employed and is defined in TS 23.402 [2].

1.
The UE sends a Request Bearer Resource Allocation (LBI, PTI, SDF QoS, TFT) message to the MME. If the UE was in ECM-IDLE mode, this NAS message is preceded by the Service Request procedure. The UE sends the Linked Bearer Id (LBI) to indicate to which PDN the additional bearer resource is linked to. The Procedure Transaction Id is dynamically allocated by the UE for UE requested bearer resource activation procedure. The UE should ensure as far as possible that previously used PTI values are not immediately reused. The PTI is released when the procedure is completed.

Editor's note:
The SDF QoS parameters to be sent are FFS.

2.
The MME sends the Request Bearer Resource Allocation (IMSI, LBI, PTI, SDF QoS, TFT) message to the selected Serving GW. The MME validates the request using the Linked Bearer Id. The same Serving GW address is used by the MME as for the EPS Bearer identified by the Linked Bearer Id received in the Request Bearer Resource Allocation message.

3.
The Serving GW sends the Request Bearer Resource Allocation (IMSI, LBI, PTI, SDF QoS, TFT) message to the PDN GW. The Serving GW sends the message to the same PDN GW as for the EPS Bearer identified by the Linked Bearer Id.

4.
The PDN GW may either interact with PCRF to trigger the appropriate PCC decision (refer to TS 23.203 [6]), which may take into account subscription information, or it may apply a locally configured QoS policy.

5.
If the request is accepted, either the Dedicated Bearer Activation Procedure (according to subclause 5.4.1) or one of the Dedicated Bearer Modification Procedures (according to subclause 5.4.2 or 5.4.3) is invoked. The PTI allocated by the UE is used as a parameter in the invoked Dedicated Bearer Activation Procedure or the Dedicated Bearer Modification Procedure to correlate it to the UE Requested Bearer Resource Allocation Procedure. This provides the UE with the necessary linkage to what EPS Bearer to be used for the new SDF. In case the request for prioritised QoS treatment is not accepted, the PDN GW sends a reject indication, which shall be delivered to the UE. A cause indicates the reason why the request was rejected.

5.4.6
UE Requested Bearer Resource Release

The UE Requested Bearer Resource Release procedure for an E-UTRAN is depicted in figure 5.4.6-1. The procedure allows the UE to request for release of bearer resources associated with a Service Data Flow. When receiving the request, the network invokes either the Dedicated Bearer Deactivation Procedure or the Dedicated Bearer Modification Procedure.
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Figure 5.4.6-1: UE Requested Bearer Resource Release

NOTE:
Steps 1, 2, and 5 are common for architecture variants with GTP-based S5/S8 and PMIP-based S5/S8. The procedure steps marked (A) differ in the case that PMIP-based S5/S8 is employed and is defined in TS 23.402 [2].

1.
The UE sends a Request Bearer Resource Release (LBI, PTI, TFT) message to the MME. If the UE was in ECM-IDLE mode, this NAS message is preceded by the Service Request procedure. The UE sends the Linked Bearer Id (LBI) to indicate to which PDN the bearer resource is linked to. The Procedure Transaction Id is dynamically allocated by the UE for UE Requested Bearer Resource Release procedure. The UE should ensure as far as possible that previously used PTI values are not immediately reused. The PTI is released when the procedure is completed.

2.
The MME sends the Request Bearer Resource Release (IMSI, LBI, PTI, TFT) message to the Serving GW. The MME validates the request using the Linked Bearer Id. The same Serving GW address is used by the MME as for the EPS Bearer identified by the Linked Bearer Id received in the Request Bearer Resource Release message.

3.
The Serving GW sends the Request Bearer Resource Release (IMSI, LBI, PTI, TFT) message to the PDN GW. The Serving GW sends the message to the same PDN GW as for the EPS Bearer identified by the Linked Bearer Id.

4.
If PCC infrastructure is used, the PDN GW informs the PCRF about the change of resources (see TS 23.203 [6]).

5.
The PDN GW invokes either the Dedicated Bearer Deactivation procedure (according to subclause 5.4.4.1) or one of the Dedicated Bearer Modification procedures (according to clause 5.4.2 or 5.4.3). The PTI allocated by the UE is used as a parameter in the invoked Dedicated Bearer Deactivation or Dedicated Bearer Modification procedure to correlate it to the UE Requested Bearer Resource Release procedure. This provides the UE with the necessary linkage to which EPS Bearer the Dedicated Bearer Deactivation or Dedicated Bearer Modification procedure applies.

5.10.2
UE requested PDN connectivity

The UE requested PDN connectivity procedure for an E-UTRAN is depicted in figure 5.10.2-1. The procedure allows the UE to request for connectivity to a PDN including allocation of a default bearer.
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Figure 5.10.2-1: UE requested PDN connectivity

NOTE 1:
For a PMIP-based S5/S8, procedure steps (A) are defined in TS 23.402 [2]. Steps 3, 4, and 5 concern GTP based S5/S8.

1.
The UE initiates the UE Requested PDN procedure by the transmission of a PDN Connectivity Request (APN or Default APN indicator, PDN Address Allocation, Protocol Configuration Options) message. If the UE was in ECM-IDLE mode, this NAS message is preceded by the Service Request procedure. The PDN Address Allocation indicates whether the UE wants to perform the IP address allocation during the execution of the procedure and, when known, it indicates the UE IP version capability (IPv4, IPv4/IPv6, IPv6), which is the capability of the IP stack associated with the UE. The MME verifies that the APN provided by UE is allowed by subscription. If the UE provides an indicator requesting to use the Default APN instead of APN, the Default APN shall be used for the remainder of this procedure. Protocol Configuration Options (PCO) are used to transfer parameters between the UE and the PDN GW, and are sent transparently through the MME and the Serving GW.

Editor's note:
An indicator for requesting use of the Default APN is to be defined during stage 3 works. e.g. a pre-defined string such as 'default' or lack of APN. This indicator should be known to all UEs.

Editor's note:
It's FFS whether the other values of the PDN Address Allocation and related use should be considered.

2.
The MME selects a PDN GW as described in clause 4.3.8.1
on PDN GW Selection Function (3GPP accesses), allocates a Bearer Id, and sends a Create Default Bearer Request (IMSI, MSISDN, MME Context ID, RAT type, PDN GW address, Default Bearer QoS, PDN Address Allocation, AMBR, APN, EPS Bearer Id, Protocol Configuration Options) message to the Serving GW. The RAT type is provided in this message for the later PCC decision. The AMBR applied to the relevant PDN access is also provided in this message. The MSISDN is included if the MME has it stored for that UE

Editor's note:
It is FFS how static IP address allocation is managed.

3.
The Serving GW creates a new entry in its EPS Bearer table and sends a Create Default Bearer Request (IMSI, MSISDN, Serving GW Address for the user plane, Serving GW TEID of the user plane, Serving GW TEID of the control plane, RAT type, Default Bearer QoS, PDN Address Allocation, AMBR, APN, Bearer Id, Protocol Configuration Options) message to the PDN GW indicated in the PDN GW address received in the previous step. After this step, the Serving GW buffers any downlink packets it may receive from the PDN GW until receives the message in step 11 below. The MSISDN is included if received from the MME.

4.
The PDN GW may interact with the PCRF to get the default PCC rules for the UE if PCRF is applied in the network. This may optionally lead to the establishment of a number of dedicated bearers following the procedures defined in clause 5.4.1 in association with the establishment of the default bearer.


The RAT type is provided to the PCRF by the PDN GW if received by the previous message. If the PDN GW/PCEF is configured to activate predefined PCC rules for the default bearer, the interaction with the PCRF is not required (e.g. operator may configure to do this) at the moment.

Editor's note:
It is FFS which kind of information will be provided by the PCRF.

5.
The PDN GW returns a Create Default Bearer Response (PDN GW Address for the user plane, PDN GW TEID of the user plane, PDN GW TEID of the control plane, PDN Address Information, EPS Bearer Id, Protocol Configuration Options, UL TFT) message to the Serving GW. PDN Address Information is included if the PDN GW allocated a PDN address Based on PDN Address Allocation received in the Create Default Bearer Request. PDN Address Information contains an IPv4 address for IPv4 and/or an IPv6 prefix and an Interface Identifier for IPv6. The PDN GW takes into account the UE IP version capability indicated in the PDN Address Allocation and the policies of operator when the PDN GW allocates the PDN Address Information.

6.
The Serving GW returns a Create Default Bearer Response (PDN Address Information, Serving GW address for User Plane, Serving GW TEID for User Plane, Serving GW Context ID, Bearer Id, Protocol Configuration Options, UL TFT) message to the MME. PDN Address Information is included if it was provided by the PDN GW.

7.
The MME sends PDN Connectivity Accept (APN, PDN Address Information, EPS Bearer Id) message to the eNodeB. This message is contained in an S1_MME control message Bearer Setup Request (Bearer QoS, PDN Connectivity Accept, Session Management Configuration, S1-TEID, Protocol Configuration Options). This S1 control message includes bearer level QoS parameters and the AMBR associated with the PDN Address Information, and QoS information needed to set up the radio bearer, as well as the TEID at the Serving GW used for user plane and the address of the Serving GW for user plane. The PDN address information, if assigned by the PDN GW, is included in this message. MME will not send the S1 Bearer Setup Request message until any outstanding S1 Bearer Setup Response message for the same UE has been received or timed out. The UL TFT shall be included in the Session Management Configuration IE. The MME may provide the eNodeB with Handover Restriction List. Handover Restriction List is described in clause 4.3.5.7 "Mobility Restrictions".

8.
The eNodeB sends RRC Connection Reconfiguration to the UE including the Session Management Configuration IE, and the PDN Connectivity Accept (PDN Address Information, EPS Bearer Id, Protocol Configuration Options) will be sent along to the UE. The UE shall ignore the IPv6 prefix information in PDN Address Information. The UE uses the uplink packet filter (UL TFT) to determine the mapping of uplink packets to the radio bearer.

NOTE 2:
The IP address allocation details are described in the clause 5.3.1 "IP Address Allocation".

9.
The UE sends the RRC Connection Reconfiguration Complete to the eNodeB.

10.
The eNodeB send an S1_MME control message Bearer Setup Response to the MME. The S1 control message includes the TEID of the eNodeB and the address of the eNodeB used for downlink traffic on the S1_U reference point.


After the PDN Connectivity Accept message and once the UE has obtained a PDN Address Information, the UE can then send uplink packets towards the eNodeB which will then be tunnelled to the Serving GW and PDN GW.

11.
The MME sends an Update Bearer Request (eNodeB address, eNodeB TEID) message to the Serving GW.

12.
The Serving GW acknowledges by sending Update Bearer Response to the MME. The Serving GW can then send its buffered downlink packets.

13.
After the MME receives Update Bearer Response in step 13, if an EPS bearer was established and if the subscription data indicates that the user is allowed to perform handover to non-3GPP accesses, the MME shall send an Update Location Request including the PDN GW address and the APN to the HSS for mobility with non-3GPP accesses.

14.
The HSS stores the PDN GW address and the associated APN, and sends an Update Location Response to the MME.

Editor's Note:
The exact message name which is used to transfer the PDN GW address to the HSS is FFS.

5.10.3
UE requested PDN disconnection

The UE requested PDN disconnection procedure for an E-UTRAN is depicted in figure 5.10.3-1. The procedure allows the UE to request for disconnection from one PDN. Bearers including the default bearer of this PDN shall be deleted during this procedure.
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Figure 5.10.3-1: UE requested PDN disconnection

NOTE:
For a PMIP-based S5/S8, procedure steps (A) are defined in TS 23.402 [2]. Steps 3, 4 and 5 concern GTP based S5/S8.

1.
The UE initiates the UE requested PDN disconnection procedure by the transmission of a PDN Disconnection Request (LBI) message. The LBI indicates the default bearer associated with the PDN being disconnected. If the UE was in ECM-IDLE mode, this NAS message is preceded by the Service Request procedure.

2.
The EPS Bearers in the Serving GW regarding this particular UE and the PDN are deactivated by the MME by sending Delete Bearer Request (TEID, LBI) to the Serving GW.

3.
The Serving GW sends Delete Bearer Request (TEID, LBI) to the PDN GW.

4.
The PDN GW acknowledges with Delete Bearer Response.

5.
The PDN GW may interact with the PCRF to indicate to the PCRF that EPS Bearer is released if PCRF is applied in the network.

6.
The Serving GW acknowledges with Delete Bearer Response.

7.
The MME initiates the deactivation of the Bearers associated with the PDN to the eNodeB. The eNodeB releases the corresponding radio bearers, and sends an acknowledgement of the deactivation to the MME. PDN Disconnection Response is piggybacked to the UE in this step.

8. 
If the subscription data indicates that the user is allowed to perform handover to non-3GPP accesses, the MME sends Update Location Request to the HSS to delete the PDN GW address information for the given APN.

9. The HSS deletes PDN GW address information for the given APN and sends an Update Location Response to the MME. 

If all the bearers belonging to a UE are released, the MME and the UE shall change the MM state to EMM-DEREGISTERED and the MME sends the S1 Release Command to the eNodeB, which initiates the release of the RRC connection for the given UE if it is not released yet, and returns an S1 Release Complete message to the MME.
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