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Optimised Intra-BSS PS Handover

1. Introduction

It has been identified during the Conversational Feasibility Study that there are many advantages in introducing an optimised PS Handover procedure for the intra-BSS handover case.  These include the reduction in data traffic on the Gb interface, the reduction of signalling traffic on the Gb interface and the potential reduction of service interruption time.  However, it is also recognised that there may be added complexity in the BSS and in the standardised call flows of such a process if all intra-BSS cases have to be taken into account.  

This paper therefore proposes a single procedure for optimised intra-BSS PS Handover covering the most common case of the intra-NSE cell change with no change in RA.  The procedure is optional for the BSS and has minimum impact on the SGSN.  

2. Principles for an optimised Intra-BSS PS Handover

As has been described in [1], it is both possible and advantageous to optimise the PS Handover procedure for Intra-BSS handovers.  The benefits that may be obtained include:

· Reduced traffic on the Gb interface (as the BSS carries out the data duplication or forwarding required)

· Reduced signalling load on the Gb interface due to a reduction in the number of messages sent to and from the SGSN.  

· For intra-NSE handover, duplication of LLC data on the Um interface can be avoided.  Only one stream of LLC PDUs is received by the BSS and thus the BSS can ensure that the same LLC PDU is not sent twice.  

· Reduction of wasted resources on the Um interface.  The delay between detection of MS access in the target cell and clearing resources in the source cell can be minimised as it does not rely on CN signalling.  

In order to provide the benefits of an optimised process and to keep the call flows simple, the optimisation of the handover process should follow the principles described below:

· It should be optional for the BSS so that PS Handover will always be possible without mandating that BSS vendors implement the extra features. 

· It should have minimum impact on the standard call flow and procedures for PS Handover.  

· How the duplication or forwarding is carried out within the BSS should be implementation specific and not standardised.  

· The procedure should be transparent to the MS.  

3. Proposed Mechanism for Intra-BSS PS Handover

Figure 1 shows the proposed call flow for the optimised PS Handover procedure.  

It is assumed that the BSS knows that the target cell is internal to this BSS and whether or not it is internal to the same NSE and that both cells are within the same RA.  Thus the SGSN is not required to relay this information.  However, in order to support BSSs that have not implemented the optimised intra-BSS PS Handover procedure, the standard CN based procedure should still be applicable.  

This means that the standard message flow is supported for the Handover procedure if the BSS does not implement an optimised procedure.  
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Figure 1
Optimised Intra BSS PS Handover (Intra-NSE same RA)

1. The GRR entity in the BSS decides that a handover is required based on received measurement reports. 

2. The BSS determines from the cell IDs of the target and source cell that the PS Handover will be intra-NSE and does not involve a change of RA.  

Any necessary negotiations between the source and target cell for reserving radio resources and deciding which PFCs can be accommodated in the target cell is handled internally to the BSS.  

The BSS will apply forwarding or bicasting for PFCs that are “subject to handover”.  This will be transparent to the MS, which does not need to know whether the BSS or SGSN is in charge of the handover.  

3. The PS Handover Command is sent by the BSS to the MS in the normal manner and will contain all the resource allocation information needed for the MS to access the target cell.  

4. The MS uses the PS Handover Access mechanism to establish physical layer connectivity in the target cell. 

5. Once the BSS detects the MS, it passes timing advance information to the MS via the PS Physical Information message.  

6. Once the handover is complete (from the point of view of the MS), a PS Handover Complete message is sent to the BSS.  This is the trigger for the BSS to release the radio resources in the source cell.  


note: there is no PS Handover Complete to the SGSN; i.e. BSS still has to hold on to the relation to the old-BVCI. 

7. Once uplink data transfer begins, the MS sends a cell update to the SGSN which is used by the SGSN as a trigger to send downlink data to the new cell if this cell is addressed by a different BVCI.  

8. The SGSN responds to the cell update with a FLUSH-LL message.  However, the BSS may act differently in response to this message for PFCs that are subject to handover in the optimised PS Handover procedure.  

In this case, the BSS can chose to indicate that the LLC PDUs were deleted or transferred in the FLUSH-LL ACK but to continue forwarding them from the source cell (assuming that forwarding is implemented in the BSS) until the next sequence numbered DL LLC PDU is received via the target cell.  The way the BSS behaves is implementation specific and other behaviours are possible.  

9. The BSS returns the normal FLUSH-LL_ACK message indicating whether the LLC PDUs have been deleted or transferred.  The BSS may choose which indication to give depending on whether it wishes to avoid the SGSN re-sending the PDUs.  If forwarding is implemented in the BSS then it may consider this equivalent to having transferred the PDUs to the new cell.  

10. The first DL PDU received by the BSS with the new-BVCI allows the BSS to clear the relationship to the old BVCI.  

It is assumed here that flow control is carried out on a per PFC basis and that the parameters remain the same for the target cell.  
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Figure 2
Optimised Intra-BSS PS Handover – Possible BSS Implementation

Figure 2 shows a possible call flow for the PS Handover process incorporating the internal communications between the source and target cell within the BSS.  This is given for information only in order to show that this procedure is indeed possible and could be implemented by BSS vendors who wish to optimise the PS Handover process.  Other internal mechanisms are possible provided that the external messages remain the same.  

The BSS is shown as three parts; the source cell, the target cell and a GRR entity.  This allows internal flows to be shown as well as external messages to and from the MS and SGSN.  

The exact mechanisms internal to the BSS (e.g. the data flows between source and target cells) is left as implementation specific and does not need to be standardised.  

1. The MS send periodic measurement reports to the BSS. 

2. The GRR entity in the BSS evaluates the measurement reports and determines that a PS Handover is required for the MS. 

3. The BSS further determines that the PS Handover required is an intra-NSE handover without a change of routing area.  

4. The BSS informs the target cell that it must prepare for the handover from the source cell.  

5. The source and target cells exchange information relating to PFCs to be set-up, resource availability etc. in order to allow the preparation phase to be completed.  

6. The PS Handover Command is sent to the MS to instruct it to change to the target cell.  

7. The MS makes PS Handover access in the target cell and receives any timing advance in the PS Physical Info message.  

8. The MS sends a PS Handover Complete message to indicate to the BSS that it has successfully accessed the target cell.  This message is not strictly required in this scenario but is included in order to make the MS behaviour exactly the same in the case of optimised and non-optimised intra-BSS PS Handover.  

9. The BSS activates BVCI re-routing (it is assumed here that each cell is addressed by a separate BVCI).  

10. Downlink data is forwarded from the source cell to the target cell and then to the MS.  

11. Uplink data received by the target cell is simply passed on to the SGSN.  The first uplink LLC PDU is used as the cell update message in the SGSN.  The SGSN can then send further downlink data to the target cell by addressing it via the new BVCI.  

4. Conclusion

This paper has considered how an optimisation of the PS Handover procedure for intra-BSS handover can be introduced into the PS Conversational work.  It is proposed that most benefit can be achieved by focussing on the most common case, that of intra-NSE Handover with no change of RA.  In this case the maximum gains (reduced signalling traffic and reduced data traffic) can be provided for most of the BSS internal handovers with a simple modification to the call flows.  

This procedure is an optional one for the BSS and is autonomous for the BSS.  If the BSS decides that it can perform a BSS internal PS Handover it simply does not send the PS Handover Required message to the SGSN and performs all necessary actions internally.   

The following points summarise the main features of this proposal:

· The most common case with the largest benefit is addressed, namely intra-NSE PS Handover without change of RA.  

· It is optional for the BSS to support optimised intra-BSS handover.  

· The optimised procedure has minimum impact on the existing call flows and procedures.   

· The use of optimised PS Handover or the standard call flow is transparent to the MS.  

· The precise mechanism used to provide DL data to the MS in the target cell (bi-casting or data forwarding) in the case of optimised intra-BSS PS Handover is implementation specific.  

It is proposed that the optimised procedure for handling intra-NSE PS Handover without change of RA be adopted by GERAN.  
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