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Uplink Data Transfer during PS Handover and Routing Area Update  

In GERAN#18 related to the discussion on the [GP-040201] it was agreed to provide some analysis on whether the uplink data transfer can be allowed during PS handover procedure and consequently during the Routing Area Update procedure as well, because allowing for uplink data transfer during PS handover procedure will impact the existing GMM procedure.

In this paper the possibility of allowing uplink data transfer during PS handover procedure and Routing Area Update as well as its impact on the existing procedures is discussed.

Allowing uplink data transfer during cell/routing area change will affect handling of several PS handover and RAU related failure scenarios. These scenarios are discussed in this paper as well.   

1. Uplink Data tRansfer durinG RAU 

Upon routing area change the mobile station should initiate Routing Area Update (RAU) procedure. During PS handover, in order to keep the MM procedures unaffected the RAU procedure is to be performed as specified currently in [TS 23.060], [TS24.008] regardless of PS handover procedure. 

PS handover is introduced to enable reduced services interruption times, which requires that the uplink data transfer as well as downlink data transfer is enabled during cell/routing area change. However, as is currently defined in [TS24.008]:

“ In GSM, user data transmission in the MS shall be suspended during the routing area updating procedure; user data reception shall be possible. User data transmission in the network may be suspended during the routing area updating procedure.”

This restriction in RAU procedure is related to the P-TMSI allocation. P-TMSI is used for identification of MS within radio interface signaling procedures and it provides identity confidentiality for the MS.

During PS handover, the MM and PDP context will be exchanged before the MS initiates a RAU procedure, i.e. sends a ROUTING AREA UPDATE REQUEST message in the Target cell. In order to build the MSs MM and PDP contexts that are needed during the PS handover procedure, SGSN has to allocate the new P-TMSI, before the MS has moved to the Target cell. This simplifies the inter-SGSN RAU procedure as the Target SGSN has the MM and PDP contexts before it receives the ROUTING AREA UPDATE REQUEST. However the early P-TMSI allocation should not affect the standardized procedures defined in [TS 24.008].

The restriction on the uplink data transfer can be removed during PS handover procedure under the following conditions:

· P-TMSI is allocated by the Target SGSN upon receiving PS handover Request from the Source cell; 

· MS is known to the Target SGSN, i.e. SGSN has MSs MM and PDP contexts;

· Following [TS24.008] the handling of the new and old P-TMSI will remain the same:

· Target SGSN shall consider:

· new P-TMSI and new RAI and also the old P-TMSI and old RAI as valid in order to be able to receive LLC frames from the MS. 

· the old P-TMSI and old RAI as invalid as soon as an LLC frame is received with the local TLLI derived from the new P-TMSI.

· MS will behave same as described in [TS24.008]: 

· Upon receipt of a ROUTING AREA UPDATE ACCEPT message containing a new P-TMSI the MS shall consider the new P-TMSI and new RAI and also the old P-TMSI and old RAI as valid in order to react to paging requests and downlink transmission of LLC frames. For uplink transmission of LLC frames the new P-TMSI shall be used. 

· The MS shall consider the old P-TMSI and old RAI as invalid as soon as an LLC frame is received with the local TLLI derived from the new P-TMSI.
· Foreign TLLI derived from the Source Cell P-TMSI should be used for uplink/downlink transfer in the Target cell before the RAU procedure is completed;
Based on these conditions and provided that the resources are assigned in target cell prior to the MS moving to the new cell, uplink data transfer can be allowed during PS handover and RAU. 

2. Failure Scenarios during PS handover and Routing Area Update

During PS handover procedure several types of failures can be identified, some of which are 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. In general PS handover failures can be divided into: 

· Source Cell Failure Scenarios

· Target Cell Failure Scenarios

In the Source cell PS handover may fail mainly due to loss of signaling messages, incorrect information elements in the messages, failure of MM and PDP context exchange between the SGSNs, Routing Area Update related failures. The failure of PS handover due to the lack of resources in the Target cell is one of the typical failure scenarios in the Source cell, although this is not to be considered an abnormal case.  Failures due to RAU failures are mainly related to common cause failures defined in [TS23.060] due to which a network cannot accept a ROUTING AREA UPDATE REQUEST.

In the Target cell, PS handover may fail due to the failure of Initial Access at Target cell, failure of the Update of PDP Contexts or Update of the Routing/Location Area Update.  

Failures more specific to the issue of early P-TMSI allocation during PS handover are: 

· Initial Access Failure in the Target cell;

· Source Cell RAU related failures;

· Target Cell Failure due to bad radio link condition before the RAU is initiated and while MS is in packet transfer mode;

These failure scenarios are described in the Sections below. 

2.1 Initial Access Failure in the Target Cell 

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. The MS might need to establish a new uplink TBF when in PS handover.  

2.1.1 Initial Access Failure in the Target Cell during PS handover 

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 MSs 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.

2.2 PS handover Source Cell RAU Related Failure

Due to the early allocation of the P-TMSI and similarities of PS handover and RAU procedure, RAU failures have to be considered during PS handover. 

RAU failures are described in detail in [TS24.008]. Normal and periodic 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".

During PS handover before the Target SGSN assigns a P-TMSI, SGSN will have to perform the same check upon receiving a PS handover request from Source cell as it does when receiving the ROUTING AREA UPDATE REQUEST. Thus, if any of the causes listed above is identified during PS handover procedure before the allocation of P-TMSI, then the PS handover procedure should be rejected due to these causes. 

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. 

2.3 PS handover Target Cell RAU Related Failures

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.

3. Conclusions

Based on what is presented in this document:

· Uplink data transfer can be allowed only under certain conditions.

· Early allocation of P-TMSI is needed in SGSN in order to construct the MSs MM and PDP contexts.

· Foreign TLLI derived from the Source Cell P-TMSI should be used for uplink/downlink transfer in the Target cell before the RAU procedure is completed. 

· The defined RAU reject causes in [TS24.008] need to be considered during PS handover preparation phase. These causes have already been reflected in the cause values in [TS29.060] and can be reused for the PS handover as well. 
· In case of RAU failures after the PS handover completion, procedures in [TS24.008] should be followed.
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