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Explicit RAU with PS Handover

1. Introduction

During the joint SA2/GERAN meeting (Kista, 22-23 October 2002), the usage of an explicit Routing Area Update procedure was agreed as a working assumption for PS HOV.  This paper documents this working assumption for information to GERAN#12 and collects the arguments that have led to the decision as a basis for further work.  

As well as highlighting the main high-level arguments for the explicit RAU, some further analysis of error cases has been introduced in Appendix A.  

2. Background of the Working Assumption for the Explicit RAU

There has been general agreement within GERAN that the allocation of P-TMSI for the new routing area should take place whilst the mobile is in the source cell in the case of PS handover where the RA changes.

The other part of the RAU procedure, which contains the bulk of the functionality, is concerned with updating the location of the MS in the core network so that it can be paged in the PS domain.  Two options were identified so far for handling this part of the procedure:

· To incorporate the information flows in those of the handover procedure (the implicit RAU as described in [2])

· To execute a RAU procedure after handover (similar to the RAU performed after handover/relocation for Iu mode – the explicit RAU)

The implicit RAU option maps the information flows in the normal RAU procedure (RAU Request, RAU Accept and RAU Complete) onto the message flows concerned with PS handover.  This has the effect of binding the PS handover and RAU procedures together rather than separating the MM and call handling parts.  The disadvantages of the implicit RAU procedure are expanded upon in the following section. 

2.1. Disadvantages of the Implicit RAU Procedure

The implicit RAU procedure will have considerable impact on the CN procedures as two types of procedure will have to exist, the normal procedure and the implicit procedure that is coupled with the PS Handover.  These procedures must be differentiated from each other.  For the implicit RAU, information (not necessarily exactly the same as in the existing message exchanges) is received and transmitted in different messages.  There are also different error cases to consider as failure in the handover may impact the RAU and vice-versa.  In contrast, most of the error cases are already defined for the explicit RAU as it is very similar to the existing procedure.  This point is expanded upon in Appendix A.  

The principle of starting a RAU procedure before it is certain that the MS is in the target cell (as is the case for the implicit RAU) does not fit well with the basic functional split in GERAN.  This can lead to problems with aborting the RAU due to handover failure or the fact that the MS is not accepted in the target cell.  This new behaviour (i.e. HLR interworking during PS Handover) may lead to problems if the Handover is rejected due to roaming restrictions and should be avoided for reasons of complexity, increased standardisation time and testing effort.  This is not a problem for the explicit RAU which decouples the procedures.  

The implicit RAU will require definitions of new fields within the handover messages and new procedures for the CN and RAN.  It must be carefully analysed as to which information is required in each message and how the procedures will work.  

In the message flows described in [2], the updating of the HLR (part of the implicit RAU procedure) occurs before the PS Handover Complete is sent to the source SGSN in order to release resources in the source SGSN and source BSS.  This will lead to resources being used in the source BSS and SGSN for longer than necessary and consequently a drop in efficiency.  This is in contrast to the procedure involving an explicit RAU where resources in the source cell are released after the handover message and before the RAU procedure begins.  

For optimisation of intra-BSC handover procedures, the implicit RAU procedure is non-optimal.  For instance in the case of intra-NSE handover with a change in RA, an optimised solution as proposed in [5] does not require the same BSS to CN handover messages as required for the inter-SGSN case.  

If a concurrent CS and PS connection is supported (requiring CS/PS co-ordination) the handling of the implicit RAU becomes even more complex.  Cases such as “What happens if the handover succeeds in the PS domain but fails in the CS domain or vice-versa?” add extra complexity in the case of implicit RAU.  For the explicit RAU, the RAU will only occur when the handover has been successfully completed.  

In any case, there is no reason why data transfer cannot continue immediately after handover and before a reduced RAU procedure is executed.  It therefore seems unnecessary to introduce the more complex implicit RAU procedure.  In UTRAN the concept of a RAU following relocation is already well established and there seems to be no compelling reason to change this approach.  

Adopting the explicit RAU avoids de-stabilisation of the already existing implementation for RAU.  In addition, later enhancements/changes for RAU would also affect HO procedures if the implicit approach were to be adopted.  

3. Conclusions

For the reasons given in section 2 it was decided that the handover and RAU procedures should remain decoupled and that after PS handover, if a RAU procedure is required, it is initiated in the same way as it is today.  The exception being that the new P-TMSI is allocated and used to derive the TLLI for use in the target cell before the MS changes to the new cell, rather than relying on the P-TMSI allocation in the RAU procedure.  

The main reasons are summarised below:

· The implicit RAU procedure deviates from the existing procedure far more than the explicit RAU procedure.  This means more complexity in standardisation and implementation. 

· The error cases are somewhat more complex with the implicit RAU as the handover and RAU procedures are bound together.  See Annex A for further information.  

· The interaction of the RAU procedure with the CN causes an unnecessary delay in the execution phase of the Handover procedure before resources are released in the source SGSN and source BSS.  

· The coupling of RAU messages with the Handover signalling makes optimisations of the PS Handover procedures for intra-BSC handover more difficult.  

· If a concurrent CS and PS connection is supported (requiring CS/PS co-ordination) the handling of the implicit RAU becomes even more complex.  
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Error Case Analysis

A.1. Comparison of Error Cases for Implicit and Explicit RAU Procedures

This section compares the two procedures (implicit and explicit RAU) in terms of error cases and the difficulties that might arise from them.  

Note that most of the error cases described for the explicit RAU are already defined in 24.008 section 4.7.5.1.4 and 4.7.5.1.5.  For the implicit RAU procedure new error handling must be defined based on the principles in 24.008.  

The main error cases relate to the following types:

· Loss of messages (especially on the Um interface)

· Failure of the Handover

· Rejection of the RAU

A.1.1. Implicit RAU
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Figure 1
PS Handover with Implicit RAU, Preparation phase

Figure 1 and Figure 2 show the message flows in the proposed Inter-SGSN handover procedure that was introduced in [3] and shown in [2] in the context of the Implicit RAU.  They are repeated for clarity and show (via shading) the messages which are used to carry the RAU information flows.  

Message 3 in Figure 1 (Prepare PS Handover Request) provides the new SGSN with context information about the MS being handed over.  It is logically equivalent to the point at which the new SGSN would have received the SGSN Context Response message in the standard RAU procedure.  

In [2], it is suggested that the following information is provided to the new SGSN in this message as part of the Implicit RAU procedure:

· IMSI

· Packet Flow ID

· MM Context

· PDP Context

· SGSN Address for Control Plane

· LLC/SNDCP context
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Figure 2
PS Handover with Implicit RAU, Execution phase

Messages 7 and 8 in Figure 2 are used in the Implicit RAU to carry some of the information associated with the RAU Request message.  In particular the following fields are carried:

· GPRS ciphering key

· Old RAI

· Old P-TMSI signature

· Requested READY timer value

· DRX parameters

· MS network capability

· PS LCS Capability

Messages 15 and 16 are used in the Implicit RAU to carry the information associated with the RAU Accept message including:

· Periodic RA update timer

· RAI

· P-TMSI signature

· Allocated P-TMSI (may not be necessary now)

The functionality provided by the RAU Complete Message is not required as the confirmation to the new SGSN of the assignment of the new P-TMSI (via the PS Handover Command) can be accomplished via the PS Handover Complete messages.  However, the RAU Complete message may still be needed for the combined RAU/LAU which is an open issue in the implicit RAU proposal.   

A.1.2. Explicit RAU

In this case, the handover functionality has been completed before a RAU is started with the exception of the early allocation of P-TMSI for the new RA.  
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Figure 3
PS Handover with Explicit RAU

The RAU Complete Message is to indicate acceptance of the new P-TMSI as is the case in the normal RAU procedure.  It is required when there is an allocation of a NAS identifier to the MS that needs to be acknowledged.  

A.2. Analysis of Error cases

The error cases considered in this brief analysis are:

· Failure of the PS Handover Access

· Loss of RAU Request (PS Handover Complete in the case of the Implicit RAU)

· Loss of RAU Accept (PS Handover Complete Ack in the case of the Implicit RAU)

· Failure of handover due to lack of resources

· Rejection of the RAU for some reason (e.g. roaming not allowed)

A.2.1. Error Cases for Implicit RAU

Failure of PS Handover Access

· MS aborts handover and remains in source cell

· MS context in the new SGSN must somehow be deleted.  This may involve the introduction of a cancel relocation message as in the 3G case.  

· P-TMSI allocated for new SGSN must be de-allocated

Loss of PS Handover Complete message (on Um or via corruption on Gb interface)

· This must be detected via a timer similar to T3330 in the MS used when sending a RAU Request.  The default value for T3330 is 15s. 

· PS Handover Complete must be re-transmitted by the MS

· During this time (until HLR interworking is completed or T3330 expires) resources are being wasted as DL data duplication is still in operation.

Loss of PS Handover Complete Ack (on Gb or Um interface)

· The MS resends the PS Handover Complete message after expiry of a timer as in the case of loss of PS Handover Complete.  

· The problem of wasted resources is not an issue as the release of resources is triggered by the sending of the PS Handover Complete message (no 17 in Figure 2).  However, the new SGSN must be able to know that it has received the PS Handover Complete message already and acted on it so that it does not repeat the interaction with the HLR.  

· The new SGSN must resend the PS Handover Complete Ack message to the MS.  

Failure of handover due to lack of resources

· If there is a lack of resources in the new SGSN or in the new BSC, the source SGSN will be informed via the Prepare PS Handover response.  The source BSC can then decide how to proceed.  This may be to remain in the source cell or attempt a handover to another cell.  

· The MS context and P-TMSI in the new SGSN must be de-allocated

Rejection of the RAU procedure

· If for some reason the RAU results in a rejection of the subscriber in the new RA, the rejection message must be carried to the MS in the PS Handover Complete messages (15 and 16).  Thus the PS Handover Complete message must be able to carry information relating to a RAU Accept or Reject.  

· The resources in the source BSC must not be released as the MS will have to drop back to the source cell.  Although the resources may still be available in the BSS, the MS may require modified behaviour to allow it to drop back to the source cell.  This is also true for this case with the explicit RAU procedure.   

A.2.2. Error Cases for Explicit RAU

Failure of PS Handover Access

· MS aborts handover and remains in source cell

· MS context in the new SGSN must somehow be deleted.  This may involve the introduction of a cancel relocation message as in the 3G case.  

· P-TMSI allocated for new SGSN must be de-allocated

Loss of RAU Request

· The MS on expiry of timer T3330 will detect this after 15s.  The MS can then resend the RAU Request

Loss of RAU Accept

· This case is handled in the same way as for the loss of the RAU Request.  The expiry of timer T3330 will cause the RAU Request to be retransmitted.  

Failure of handover due to lack of resources

· If there is a lack of resources in the new SGSN or in the new BSC, the source SGSN will be informed via the Prepare PS Handover response.  The source BSC can then decide how to proceed.  This may be to remain in the source cell or attempt a handover to another cell.  

· The MS Context and P-TMSI in the new SGSN must be de-allocated.  

Rejection of the RAU procedure

· The source BSS must decide whether to drop back to the old cell (if this is possible) or select a new cell for handover or fail the handover.  
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1. PS Handover Procedure
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