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PS Handover Failure Scenarios 

In this document a set of PS handover failure scenarios is described using as input mainly the failure scenarios presented in [G2-040247], [G2-040309]. New scenarios have been described as well.

1. PS Handover Failure 

During PS handover procedure several types of failures can be identified. The PS handover failures may be typical network and signaling failure occurrences such as failures related to the loss of signaling messages, incorrect information elements in the signaling messages or failures due to network nodes failures or specific to abnormal cases occurring during PS handover procedures. 

In general PS handover failures can be divided into: 

· Preparation Phase Failure Scenarios

· Execution Phase Failure Scenarios

A list of appropriate cause values should be chosen / defined to indicate to the source cell and target cell nodes the cause of PS Handover reject and PS handover cancel. 

1.1 Preparations Phase FailureScenarios 

In the source cell PS handover may fail due to the following causes:

· no resources available in the target cell (see Section 5 [TS43.129]);

· context transfer failure, i.e. failure of the exchange of PDP and MM contexts in inter-SGSN case;

· generic causes;

1.1.1 Context Transfer Failure

During the inter-SGSN PS handover the MM and PDP contexts are to be exchanged between the SGSNs. The context transfer may fail due to various causes. In TS29.060 a list of possible cause values are given for SGSN Context Response and Forward Relocation Response. These values are to be utilized during PS handover procedure to indicate to the SGSN in the source cell the cause of the PS handover reject. Consequently an appropriate cause value should be chosen to indicate to the source BSS the cause of failure. 

1.1.2 Generic causes

Generic causes are common causes such as loss of signaling messages, erroneous IE in the messages are common error values, which will lead to PS handover failure.

In TS29.060 a set of cause values have already been defined such as: 'System failure', ’Mandatory IE incorrect', ‘Mandatory IE missing', 'Optional IE incorrect', 'Invalid message format'. The same cause values are applicable to the PS handover procedure on the Gn interface.

For the Gb interface generic error values defined in TS48.018 such as: “Semantically incorrect PDU”, “Invalid mandatory information”, “Missing mandatory IE”, “Missing conditional IE”, “Unexpected conditional IE”, “Conditional IE error”, “PDU not compatible with the protocol state”, “Protocol error – unspecified” are to be used during PS handover as well.

On the Um interface, procedures defined in TS44.060 should be followed. 

In order to cope with the loss of signaling messages procedure timers will be utilized.

The same generic causes may occur in the target cell. 

1.2 Execution Phase FailureScenarios

In the target cell PS handover may fail due to the following causes:

· initial access failure in the target cell; 

· loss of radio link;

· “Update PDP Context” failure;

· “RAU procedure” failure; 

· generic causes, e.g. loss of signaling messages, erroneous IE in the messages (see Section 1.1.3);

1.2.1 Initial Access Failure in the Target Cell during PS handover

In case of initial access failure in the Target cell, MS is allowed to go back to the old cell. As is defined currently in [TS44.060], MS shall return to the old cell and send PACKET CELL CHANGE FAILURE with the appropriate cause as described in [TS44.060]. 

If MS was involved in simultaneous uplink and downlink packet transfer mode (or MAC-shared state) before the cell change it will, when going back to the old cell, establish a new uplink TBF and send PACKET CELL CHANGE FAILURE on this TBF and resume its uplink transfer. 

During PS handover however, differently from current cell change procedures:

· Source BSS, Source SGSN will keep the resource BSS PFCs, MM and PDP contexts for this MS until the completion of PS handover procedure;

· Target BSS, Target SGSN have allocated resources for MS’s BSS PFC, PDP contexts;

Considering this, MS should be able to continue in the Source cell sending RLC/MAC control and data blocks without establishing beforehand TBFs.

Therefore in case of initial access failure in the Target cell during PS handover: 

· If MS was involved in simultaneous uplink and downlink packet transfer mode (or MAC-shared state) before the cell change it will, when going back to the old cell, sends PACKET CELL CHANGE FAILURE and continues its uplink transfer. 

· Source BSS will inform the Source SGSN about this failure and consequently the Source SGSN will inform the Target SGSN about this failure, upon which the Target SGSN will release the allocated resources and clear out any information and buffers related to this MS.

The signaling flow for this procedure is depicted in Figure 1.
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Figure 1. Initial target cell access failure

1.2.2 Loss of radio link 

The PS handover procedure may fail in the target cell due to the loss of radio link. This failure may occur during the ongoing PS handover procedure or after the completion of the PS handover procedure, i.e. before and after the PS Handover Complete message is send to the target SGSN. 

In case the PS handover fails due to loss of the radio link before the PS Handover Complete message is send to the target SGSN, resources in the source cell are still available:

· MS could go back to the old cell and continue in the packet transfer mode as the resources are still available in that cell as described in the Section 1.2.1; 

· MS goes back to the idle mode and establishes the TBFs using the Foreign TLLI derived from the source cell P-TMSI. Allocated user plane resources could still be utilized if Foreign TLLI is utilized for addressing resources in the target cell [G2-040310]. 

· as no PS handover Complete message is received in the target SGSN from the target BSS, target SGSN should send a signaling message indicating the PS handover Failure to the Source SGSN to initiate the deletion of resources in the source cell.  Optionally timers could be used such that the source BSS, source SGSN delete the MS’s resources after timer expiry.

In case the PS handover fails due to loss to radio link after the PS handover complete message is send to the target SGSN, resources in the source cell are released:

· MS goes back to idle mode and establishes new TBFs utilizing Foreign TLLI derived from the old P-TMSI. Allocated user plane resources could still be utilized if Foreign TLLI is utilized for addressing resources in the target cell [G2-040310]. User plane resources cannot be utilized if Local TLLI derived from a new cell P-TMSI is used to address resources in the target cell. In this case as described in [G2-040247] “the user plane will be suspended and the RAU procedure will be performed. For the RAU a new TBF will be established with the F-TLLI (derived from the P-TMSI). If no RAU is needed, the user data transfer may be continued immediately by establishing a UL or DL TBF.“

· MS could go back to the old cell and establish the TBFs in packet idle mode;

i. In this case resources in the target cell need to be released.

1.2.3 Update PDP Context failure  

As specified in TS29.060 if the SGSN receives an Update PDP Context Response with a Cause value other than 'Request accepted', it shall abort the update of the PDP context.

As the update of the PDP context is done during the execution phase the PS handover will fail if the update of the PDP context is aborted. 

Target SGSN will inform the Source SGSN of this failure by means of a signaling message that the PS handover has been aborted with an appropriate cause value upon which Source SGSN will inform the SGSN. 

1.2.4 RAU Failure

As specified in [TS24.008] routing area update procedure may be rejected due to various causes or it may fail due to the abnormal scenarios in the MS and network. Both RAU failures will impact the PS handover procedure.

RAU Reject

Routing area updating procedure may not be accepted by the network due to various causes: 

· Illegal MS (# 3)

· Illegal ME (# 6)

· GPRS services not allowed (# 7)

· MS identity cannot be derived by the network (# 9)

· Implicitly detached (# 10)

· PLMN not allowed (# 11)

· Location area not allowed (# 12)

· Roaming not allowed in this location area (# 13)

· GPRS services not allowed in this PLMN (# 14)

· No Suitable Cells In Location Area (# 15)

As defined in [TS24.008] all these causes will be sent to the MS in the ROUTING AREA UPDATE REJECT. Upon receiving the ROUTING AREA UPDATE REJECT message, MS stops timer T3330, and for all causes except #12, #14 and #15 deletes the list of "equivalent PLMNs". SGSN in this case will not assign a P-TMSI for the MS.  

Causes due to which Routing Area Update Request is rejected, that consequently leads to PS handover failure may be avoided if location update with the HLR is performed before the target SGSN allocates a new P-TMSI. These MM causes have already been reflected in the cause values in [TS29.060] such as: “IMSI not known”, “MS is GPRS Detached”, “Roaming restriction”, etc and they can be reused in the same way during PS handover. A list of appropriate cause values should be chosen to indicate to the Source Cell SGSN the cause of PS Handover reject. Further, a list of appropriate cause values should be chosen and used by Source Cell SGSN to indicate to the Source BSS the cause of PS Handover reject.

Otherwise RAU reject causes cannot be avoided during the PS handover procedure.

During intra-SGSN PS handover when a new P-TMSI is assigned, SGSN will be able to perform the check without signaling with the HLR. 

RAU Failure

Abnormal scenarios from the MS and Network side due to which RAU procedure fails are defined in [TS24.008]. The most severe one for PS handover is the lower layer failure before the ROUTING AREA UPDATE ACCEPT or ROUTING AREA UPDATE REJECT at the MS side and Routing AREA UPDATE COMPLETE at the network side is received.

RAU failures due to abnormal cases will affect the PS handover more severely because the PS handover is completed before the RAU is initiated. In this case:

· Continuing in packet transfer mode in source cell as described in Section 2.1 is not possible as PS handover is completed and resources are released;

· Data loss in uplink/downlink data transfer;

· The resources in the target cell need to be released;

Possible solutions to these failures such as keeping the source cell resources until RAU is completed are not seen as appropriate as they lead to waste of radio resources. 

It is suggested that in case of RAU failure due to Abnormal Cases in MS and network that the procedures defined in [TS24.008] are followed, although the impact in PS handover procedure is severe.

2. Conclusions

In this document several scenarios on the PS handover failure have described. It is suggested that these scenarios are included in the TS43.129 as part of the PS handover failure section. 
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