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Inter-SGSN PS Handover and XID Procedures
1. Introduction

One of the current assumptions with the inter-SGSN PS Handover has been that the same set of LLC and SNDCP parameters can be used in the target SGSN as was used in the source SGSN.  Whilst this is a good assumption in general, and specifically when considering the conversational service, there are cases where this cannot be guaranteed.  

One situation where this may be the case is where the target SGSN supports a low rate Gb interface.  In order to ensure low delay and delay jitter for conversational services on this interface, the maximum LLC frame size (N201) may have to be reduced for all PS services using the same interface.  Another example is the case where the target SGSN does not support the current header compression profile.  
If for any reason the target SGSN does not support the same set of LLC and SNDCP parameters as those used in the source SGSN, the. changed parameters need to be established via XID negotiation whilst ensuring minimum interruption to any service using PS Handover.  
This document examines how these requirements can be met by modifying the call flows associated with the inter-SGSN PS Handover.  Three options have been identified which are compared in terms of how they fit into the current PS Handover call flows, their impact on service interruption and the addition complexity that will be required.  
2. Inter-SGSN Call Flow

If for any reason parameters for any LLC SAPI/SNDCP NSAPI (which may map to one or more PFCs) need to be changed at an inter-SGSN PS handover, then an XID negotiation procedure must be performed for each of these PFCs.  
Although it is currently a working assumption in [1] that the LLC and SNDCP parameters used in the source SGSN will be transferred to the target SGSN, it cannot be guaranteed that the target SGSN can support these parameters especially in the case of non-conversational services.  Therefore some means of renegotiating the parameters without significantly adding to the service interruption time must be provided.  
If new LLC/SNDCP parameters need to be negotiated for the mobile in the new cell, the target SGSN must initiate the procedure by sending an XID Command to the mobile.  This can only be carried out when the SGSN knows that the mobile has successfully made access in the target cell by receiving the PS Handover Complete message (step 6 in Figure 1).  At this point the target SGSN can send the XID Command (step 7) to the mobile which in turn sends an XID response back to the target SGSN (step 8).  Only when the XID Response is received can the target SGSN start to relay DL:PDUs to the mobile.  

If the mobile starts to send uplink LLC data PDUs before the XID procedure has been completed, they are likely to be discarded.  

This procedure causes a further two round trip times (mobile to SGSN and back) to be added to the service interruption time.  
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Figure 1: Inter-SGSN PS Handover – XID Procedure after access to target Cell
2.1. XID Command Sent from Target SGSN 

This paper assumes that ADM mode is used for LLC and does not consider the use ABM.  The XID Command can also be used to change ciphering related parameters such as IOV-UI and IOV-I (for ABM).  It is assumed that this information does not need to be ciphered as the initial XID command for new LLC flows is not currently ciphered.  

The procedure shown in Figure 1 can be further improved upon by sending the XID command from the target SGSN to the source SGSN and then to the mobile in the PS Handover Command message as shown in Figure 2.  
The Inter-SGSN PS Handover call flows as captured in [1], are shown below in Figure 2 and Figure 3.  The PDP contexts are transferred from the old SGSN to the new SGSN in the Prepare PS Handover Request message (step 3).  
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Figure 2: Inter-SGSN PS Handover - Preparation Phase; XID Command sent from target SGSN to MS in source cell
At this point the new SGSN might decide to that the XID parameters forwarded from the old SGSN in the Prepare PS Handover Request message are not acceptable.  

This may apply to one or more LLC SAPI/SNDCP NSAPIs.  Where more than one LLC flow is affected, more than one XID negotiation will be required, although these could be handled in parallel.  
In order to speed up the XID negotiation process, it is proposed that the new XID parameters for the new LLC flows are passed back to the Old SGSN in the Prepare PS Handover Response message as shown in Figure 2.  This encapsulated XID command message (potentially including a Reset) can then in turn be forwarded to the mobile in the PS Handover Command message as shown in Figure 3.  
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Figure 3: Inter-SGSN PS Handover - Execution Phase; XID Command sent from target SGSN to MS in source cell
Assuming that the mobile agrees to these parameters, the response can be given in the PS Handover Complete message to the target BSS and then relayed to the target SGSN via the PS Handover Complete (step 7) message.  From this point, further LLC data transmission/reception can commence.  
Compared with an inter-SGSN PS Handover where the LLC and SNDCP parameters can remain the same as they were in the source SGSN, there is a further service interruption time of one round trip time from the MS to target SGSN and back.  This procedure therefore saves one round trip time compared with that of Figure 1.  

An alternative would be to pass the XID Responses as separate LLC frames after the PS Handover Complete.  However, as the XID Response may be quite short (depending on the number of parameters included) especially if the optimisation of not including parameters that the MS agrees with is adopted, it could be included in the PS Handover Complete.  In fact more than one XID Response could be included in the PS Handover Complete, thereby reducing delay and the number of signalling messages in the uplink.  
2.2. XID Command Sent from Target BSS

Another option is for the target SGSN to pass XID Command to the target BSS for it to be packed in the target BSS to source BSS transparent container.  This is shown in the call flow of Figure 4 where the XID Command is included in the PS Handover Request from the target SGSN to the target BSS, it is then packed into the target to source transparent container which is passed via the messages highlighted in yellow (6, 7 and 9) to the source BSS where it is unpacked and sent in the PS Handover Command.  
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Figure 4: Inter-SGSN PS Handover - XID Command in Transparent Container

2.3. Comparison of Solutions for XID Command Transfer
The option described in section 2.2 (XID Command Sent from Target BSS) has the advantage that the source BSS receives the complete PS Handover Command from the target BSS in the transparent container and does not have to assemble it from the transparent container and the information passed from the target SGSN.  

It also has the advantage that fewer messages are affected.  It is only the PS Handover Request message that needs to be defined to contain the XID command field.  All other messages contain the transparent container which only needs to be defined once.  For the option presented in section 2.1, the following messages need to be altered:

· Prepare PS Handover Response

· PS Handover Command (SGSN --> BSS)

· PS Handover Command (BSS --> MS)

· Forward Relocation Response 

· Iu Relocation Command

· UTRAN to GSM Handover Command
Otherwise both solutions have the same service interruption time properties.  For these reasons it is suggested that the solution of section 2.2 (XID Command Sent from Target BSS) be adopted.  
2.4. XID Response in Source Cell

A further optimisation is possible by providing a mechanism for the XID Response message to be sent to the target SGSN whilst the MS is still in the source cell.  The concept is shown in Figure 5 where the MS responds to the XID Command sent in the PS Handover Command by sending a new message on the radio interface called “PS XID Response”.  This message is passed on to the source SGSN in a new BSSGP message also called “PS XID Response” and then relayed back to target SGSN via a new GTP message called “Relay XID Response”.  
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Figure 5: Inter-SGSN PS Handover - XID Response sent whilst in source cell

Once the target SGSN has a satisfactory XID response, downlink LLC PDUs that may have been relayed (bicasted) from the source SGSN can be sent towards the target cell.  By delaying the start time for the MS to access the target cell in the PS Handover Command, the extra PS service interruption time caused by the XID negotiation procedure can be reduced to less than one round trip time (MS to SGSN and back) and possibly reduced to zero depending on how long the MS is able to remain in the source cell.  
Whilst the MS is in the source cell after receiving then PS Handover command, it can continue receiving DL data and has time to send the XID response on the PS Handover signalling channel.  

This further optimisation is only has advantages for “lossy” services such as conversational or perhaps real-time gaming.  For “lossless” services (such as streaming) it is likely that the target SGSN will wait until it knows that the MS is in the target cell before allowing DL LLC PDUs to be passed on to the mobile.  In this case there is no benefit in this further optimisation.  
3. Conclusion

It has been identified that there is potentially significant increase in PS service interruption time for inter-SGSN PS Handover in cases where the LLC/SNDCP parameters need to be renegotiated.  This paper has presented two proposals for reducing the PS service interruption time due to XID negotiation.  
The first proposal is to include the XID Command in the PS Handover message as an optional field.  Two variations of this were considered; sending the XID Command to the source BSS from the target SGSN or sending the XID command to the target BSS and then including it in the transparent target to source container.  The second variant is seen as the preferred option due to the reduced impact on the standards and it is proposed that this be adopted as an option in the PS Handover procedures.  

The second proposal is to further reduce the PS service interruption time by allowing the MS to send the XID Response whilst it is still in the source cell.  This means introducing new messages on the air interface, the Gb interface and the Gn interface but could potentially reduce the extra service interruption time due to XID negotiation towards zero.  This method is only applicable to “lossy” services such as PS conversational, but will reduce the PS service interruption time in these cases.  
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