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Abstract of the contribution:

During X2 Handover, it is possible for CN Relocation to fail (the target S-GW may lack sufficient resources). In current procedures the MME explicitly releases resources in the eNB, but both stage 2 and stage 3 specifications lack a means to release UE resources in this scenario. This paper discusses the problem and offers possible solutions.

Introduction

In X2 handover, CN relocation may occur. The target S-GW may lack resources to sustain the EPS bearer (TS 23.401 [1], clause 5.5.1.1.2, step 6; clause 5.5.1.1.3, clause 5):

If some EPS bearers have not been switched successfully in the core network, the MME shall indicate in the Path Switch Request Ack message which bearers failed to be established (see more detail in TS 36.413 [36]) and inititate the bearer release procedure as specified in clause 5.4.4.2 to release the core network resources of the failed EPS bearers. The target eNodeB shall delete the corresponding bearer contexts when it is informed that bearers have not been established in the core network.

In 36.413 [2], clause 8.4.4.3, the unsuccessful Path Switch Request Failure message is described:

If the EPC fails to switch the downlink GTP tunnel endpoint towards a new GTP tunnel endpoint for all E-RAB included in the E-RAB To Be Switched in Downlink List IE during the execution of the Path Switch Request procedure, the MME shall send the PATH SWITCH REQUEST FAILURE message to the eNB with an appropriate cause value. In this case, the eNB is expected to decide the subsequent actions.
It is clear the eNB will release resources for the bearers that failed to be handed over by the core network. What remains unclear is how the UE knows to remove resources associated with these bearers.

The resource release procedure in 5.4.4.2 referred to in the passage on X2 HO failure above includes the following:
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0. Radio bearers for the UE in the ECM-CONNECTED state may be released due to local reasons (e.g. abnormal resource limitation or radio conditions do not allow the eNodeB to maintain all the allocated GBR bearers: it is not expected that non-GBR bearers are released by the eNodeB unless caused by error situations). The UE deletes the bearer contexts related to the released radio bearers.

…

7.
Steps between steps 4 and 7, as described in clause 5.4.4.1, are invoked. This is omitted if the bearer deactivation was triggered by the eNodeB in step 0 and step 1.

In 5.4.4.1, UE resource release is also not explicitly supported:
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4a.
If the last PDN connection of the UE is being released and the bearer deletion is neither due to ISR deactivation nor due to handover to non-3GPP accesses, the MME explicitly detaches the UE by sending a Detach Request message to the UE. If the UE is in ECM-IDLE state the MME pages the UE. Steps 4b to 7b are skipped in this case, and the procedure continues from step 7c.

The PDN connection is not being released, so 4a does not apply.

4b.
If the release of the bearer in E‑UTRAN has already been signalled to the MME, steps 4‑7 are omitted. Otherwise the MME sends the S1-AP Deactivate Bearer Request (EPS Bearer Identity) message to the eNodeB. The MME builds a NAS Deactivate EPS Bearer Context Request message including the EPS Bearer Identity, and includes it in the S1-AP Deactivate Bearer Request message. When the bearer deactivation procedure was originally triggered by a UE request, the NAS Deactivate EPS Bearer Context Request message includes the PTI.

Currently, in the case of X2 relocation, the MME does not send a NAS message in the Path Switch Acknowledgement message.

5.
The eNodeB sends the RRC Connection Reconfiguration message including the EPS Radio Bearer Identity to release and the NAS Deactivate EPS Bearer Context Request message to the UE.

6a.
The UE RRC releases the radio bearers indicated in the RRC message in step 5, and indicates the radio bearer status to the UE NAS. Then the UE NAS removes the UL TFTs and EPS Bearer Identity according to the radio bearer status indication from the UE RRC. The UE responds to the RRC Connection Reconfiguration Complete message to the eNodeB.

6b.
The eNodeB acknowledges the bearer deactivation to the MME with a Deactivate Bearer Response (EPS Bearer Identity) message.

7a
The UE NAS layer builds a Deactivate EPS Bearer Context Accept message including EPS Bearer Identity. The UE then sends a Direct Transfer (Deactivate EPS Bearer Context Accept) message to the eNodeB.

7b.
The eNodeB sends an Uplink NAS Transport (Deactivate EPS Bearer Context Accept) message to the MME.

7c.
If the UE receives the Detach Request message from the MME in the step 4a, the UE sends a Detach Accept message to the MME any time after step 4a. The eNodeB forwards this NAS message to the MME along with the TAI+ECGI of the cell which the UE is using.

According to 24.301 [3], 5.3.1.2 “The signalling procedure for the release of the NAS signalling connection is initiated by the network.” Thus, the UE expects an explicit release message. 24.301 allows for release of a single e-RAB or all e-RABs towards a PDN. In either case, a single PDU is sent to inform the UE. In each case in 24.301, 6.4.4.6, local deactivation of bearers is possible, but this case due to failure to perform CN relocation is not supported. 
There are various options to ensure that the UE releases resources when CN relocation fails during X2 HO.
Discussion

Option 1: Implicit Release by eNB

The eNB is informed of resource release already, as per the X2 HO specification. The eNB could perform RRC Connection Reconfiguration, as per 5.4.4.1 step 5, despite the lack of a corresponding NAS Message sent from the MME to the UE to explicitly release the NAS session.

Impact:

· CT1: 24.301, 6.4.4.6: add a condition for release of Local EPS Bearer context – without ESM signalling.

· SA2: 23.401, 5.5.1.1.2 step 6, and 5.5.1.1.3, step 5: add a description of this implicit release.

If some EPS bearers have not been switched successfully in the core network, the MME shall indicate in the Path Switch Request Ack message which bearers failed to be established (see more detail in TS 36.413 [36]) and inititate the bearer release procedure as specified in clause 5.4.4.2 to release the core network resources of the failed EPS bearers. The target eNodeB shall delete the corresponding bearer contexts when it is informed that bearers have not been established in the core network. The target eNodeB shall release UE resources associated with the bearers by means of RRC Connection Reconfiguration messages.
Advantages:

· This would not change SA2 procedures nor RAN3 specifications. Specifically, interaction between the MME and eNB would remain as currently specified.

Disadvantages:

· Implicit deregistration contradicts the principle in 24.301 that NAS session release is performed explicitly by the core network.

Option 2: Explicit Release by MME

The MME could form explicit NAS PDUs to send with the Path Switch Request Ack. These would inform the UE of which bearers to release. The MME would have to send multiple NAS PDUs corresponding to the bearers that could not be switched, since the currently defined release procedures effect either a single bearer or all bearers for a PDN connection. Impact:

Note: The alternative (to fundamentally change the NAS interaction to allow for selective release of bearers) is not considered at all here, as it would cause unacceptable impact for release 8.

Impact:

· RAN3: 36.413, 8.4.4.3: add additional NAS PDUs

· CT1: 24.301, 6.4.4.2: allow for an additional type of bearer release (either one or all and now some collection, e.g. appearing in multiple DEACTIVATE EPS BEARER CONTEXT REQUESTs)

· SA2: 23.401, 5.5.1.1.2 step 6, and 5.5.1.1.3, step 5: the MME informs the UE of contexts to release.

If some EPS bearers have not been switched successfully in the core network, the MME shall indicate in the Path Switch Request Ack message which bearers failed to be established. The MME shall include NAS Deactivate Bearer Context Request messages for each bearer that failed to be established. (See more detail in TS 36.413 [36]) and inititate the bearer release procedure as specified in clause 5.4.4.2 to release the core network resources of the failed EPS bearers. The target eNodeB shall delete the corresponding bearer contexts when it is informed that bearers have not been established in the core network.
Advantages:

· This reuses existing mechanisms, in a different manner

Disadvantages:

· The current model performs release from the MME to the UE in a single PDU; this proposal would change that. The UE would have to be prepared to receive multiple bearer release messages.

Option 3: Change the procedure upon failure to explicitly release UE resources

Rather than adding additional signalling to the existing X2 HO procedures to release resources in the UE, we change the procedures. Here, the MME explicitly initiates bearer release (23.401, 5.4.4.2) instead of the MME informing of bearer release by means of the Path Switch Request Ack message. 

Impact:

· RAN3: 36.413, 8.4.4.3: delete the ‘E-RAB To Be Released List IE’ or at least indicate that it is not used.

· SA2: Modify 23.401, 5.5.1.1.2 step 6, and 5.5.1.1.3, step 5:

If some EPS bearers have not been switched successfully in the core network, the MME shall inititate the bearer release procedure as specified in clause 5.4.4.2 to release the core network and UE resources of the failed EPS bearers. The target eNodeB shall delete the corresponding bearer contexts when it is informed that bearers have not been established in the core network.

Advantage:

· No CT1 impact, adheres well to existing CT1 agreements.

Disadvantage:
· This changes existing agreed SA2 and RAN3 specifications.

Proposal

Option 1 seems to have the least impact on RAN3 procedures which are frozen ASN.1.
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4. PCEF Initiated IP-CAN Session Modification











(B)











 7. Procedure as in TS 23.401, 



 Figure 5.4.4.1-1, between step 4 and step 7



















































9. Delete Bearer�    Response







5. Delete Bearer Request























(A)







1. Indication of Bearer Release















3. Delete Bearer Command















































UE







eNodeB







2. Delete Bearer Command































PCRF







8. Delete Bearer Response







PDN GW







6. Delete Bearer Request







Serving GW







0. Radio Bearer Release 







MME












