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Criteria for applying PS Handover to Bearers

1. Introduction

A number of open issues remain in the study of PS Handover regarding the criteria and procedures applied to bearers in PS handover.  These open issues include:

· What is the entity that is subject to handover?

· Which network entity decides that the bearer is subject to handover and how?

· What happens if the target cell cannot accept all bearers for handover?

· Should any QoS negotiation be allowed as part of the handover?

These issues are addressed in this paper where some solutions are proposed.  

2. The Entity Subject to Handover

The first question to address is:

· Which entity should be subject to handover?

In UTRAN it is the RAB that is subject to handover (relocation).  In the enhanced A/Gb scenario the key entities are the PFC in the RAN and the PDP Context in the SGSN.  As far as the GERAN is concerned we will refer to the PFC as the entity defining the bearer in the RAN.  

In the source cell, the subscriber may in general have multiple PDP contexts, a number of PFCs (some of which relate to real time services) and a number of TBFs (assuming that multiple TBFs are available as a feature).  PS Handover will be applied to the MS as at least one active PFC is of the “real time” category.  

In the handover preparation phase it is proposed that all context information is provided to target side regardless of whether an individual PFC is determined to be “subject to handover” or not.  This means that all PDP contexts will be transferred to the target SGSN (in the case of inter-SGSN handover) and that all PFCs required to support the PDP contexts are established in the target BSC based on the PDP context information in the target SGSN.  The only foreseen exception is if the target BSC is unable to support the requested service.  

The question is then whether TBF resources should also be allocated as well as PFCs.  Assuming that PS Handover should only be applied to bearers that have real-time requirements it seems pointless not to allocate the TBF resources for these bearers as this would lead to increased delay for the service.  The main point of providing PS Handover is to reduce the service interruption time and therefore all resources should be made available.  Thus for those PFCs determined to be “subject to handover”, TBFs should be allocated in advance and data duplication should be set-up in the network.  

If it is not possible to support all the PDP contexts in the target SGSN, a priority based on QoS ranking can be used in a similar way to that defined in annex C of [5].  Although this QoS ranking was originally defined to aid in the handover between R99 and R97/98 networks, the principles are still the same.  Table C.1 in [5] shows how the QoS ranking can be determined based on the Traffic Class and Traffic Handling priority.  

Even if the context information is transferred, it may not be possible to allocate a TBF for all PFCs that are “subject to handover”.  In this case it should be possible for the target BSS to allocate TBFs to some of the PFCs.  

It is thus proposed that all context information (PDP contexts and PFCs) for all data flows associated with the MS should be provided in the target side in the PS Handover procedure.  For those PFCs which are “subject to handover”, TBFs should always be allocated in the target cell in advance and data duplication should be set-up in the network as part of the handover procedure.  

3. Decision on Applying PS Handover to a Bearer

The main question here is:

· Which network entity should be responsible for the handover decision?

It is taken as given that the source BSS makes the decision to perform the handover for a particular MS based on measurement reports received on SACCH.  However, it must be decided on an individual bearer basis whether that bearer is subject to handover.  

There are basically two options for the network entity that is responsible for making this decision: the BSC or the SGSN.  In addition, the question arises as to how the decision is made.  One option is for the BSS to determine this based on QoS information held in the PFC.  The second option is for the SGSN to make the decision based on some service criterion and pass this to the BSS as a PFC subject to handover indication.  

The first option is in line with the 2G(CS) and 3G model where the RNC makes the decision on whether the RAB should be subject to handover based on the QoS criteria.  Note that after much debate in RAN3 and SA2 it was decided to adopt this approach and disallow the possibility of the CN determining whether relocation was required or not.  In fact the IE “Relocation Requirement” defined in section 9.2.1.3 RAB Parameters of [3] (RANAP) is no longer used and should be set to “none” when sent and ignored when received.  

If this approach is adopted (letting the source BSS determine that a PS Handover is required) then a further requirement is placed on the BSS.  It must inform the SGSN (assuming that SGSN based duplication is required) of which PFCs must be handled in this way.  It is proposed that the target BSS determines which PFCs require data duplication and informs the network.  It is the target BSS that makes the final decision as to which PFCs will be set-up based on its capabilities and resources and therefore it should be the target BSS that informs the SGSN (the old SGSN in the case of inter-SGSN handover) of which PFCs to require data duplication.  
One open issue that may arise from this approach is that bearers related to the real-time flow, for instance SIP signalling if it is carried on separate bearer, may not be treated the same way as the real-time service itself.  In some circumstances there may not be radio resources available in the new cell for the SIP signalling.  

In general it does not seem possible to relate the SIP signalling (which is end-to-end) and the real-time flow within the GERAN.  Therefore the most reasonable approach seems to be to accept that sometimes the SIP bearer may not have resources available in the BSS.  The MS may request the extra TBF and eventually the BSS may have the resources available (perhaps on different PDCHs).  

Where there are existing PFCs that are not subject to handover (e.g. interactive or background data services), there is no need to establish a TBF in the target cell in advance.  

This means that existing TBFs for such PFCs will be aborted when the MS in the source cell receives the handover command.  In this case it will be possible to re-establish such TBFs more rapidly than in a normal cell re-selection as there will already be an established TBF for the real-time bearer.  This means that the PACCH can be used to request further TBFs without the need to access the PRACH.  

4. Target Cell Unable to Accept One or More Bearers

Another open question is:

· What happens if the target cell cannot accept all bearers for handover?

Bearers might not be accepted due to a lack of resources in the target cell/BSC or for some other reason.  A scenario here might be the simultaneous existence of a PS conversational bearer and a PS streaming bearer.  

If one or more PFC cannot be accepted in the target cell there are three possible solutions:

1. Fail the handover and force the source BSS to retry another cell

2. Accept the handover if the most important bearers can be accepted

3. Accept the handover for the most important bearers and try to negotiate for the other bearers

The problem with solutions 2 and 3 is how to determine the most important bearers.  It may be possible to distinguish bearers based on traffic class.  For instance, conversational bearers could gain priority over streaming bearers.  However, it is not possible in general for network elements to decide which is the most important bearer as it is application/user dependent so any rule would in some sense be arbitrary.  

To simply fail the handover if the target cell cannot accept all of the “real-time” bearers seems not to be acceptable on the grounds that some measure of service is better than none.  On the other hand it may be better to try the next cell depending on operator policy.  This is an open issue that requires further discussion.  

In 23.060 [4], the behaviour for Combined Hard Handover and SRNS Relocation (section 6.9.2.2.2) describes how an indication of which RABs have been accepted and which ones have failed to be set-up is given to the SGSN.  It would appear therefore that the procedure for prioritising which RABs to accept and which ones to reject in the event of congestion is left to the implementation.  

It is proposed that a similar approach be adopted in GERAN PS Handover.  That is to say that the mechanism should allow for the target BSC to indicate acceptance or otherwise for each PFC to the old SGSN (via the new SGSN) to allow duplication to be set-up.  

Another issue raised here is what happens during the preparation phase of the handover if the MS requests a TBF for a bearer which was not established at the time that the BSS initiated the handover.  Although it may be possible to define a signalling mechanism to include this new TBF in the handover, it is proposed that such a request be refused in order to avoid complexity in the already complex PS Handover procedure.  

5. Renegotiation Allowed

The questions here is:

· Whether renegotiation of QoS parameters should be allowed?

· If renegotiation is allowed which parameters should be negotiable?

In UTRAN many discussions have already taken place about this issue and out of the list of RAB parameters it is only the maximum bit rate and guaranteed bit rate that are subject for negotiation (see [3] section 9.2.1.3
RAB Parameters).  It can be argued that other parameters (such as delivery order, maximum transfer delay and maximum SDU size) define the key characteristics of the service and that the service cannot be provided with any form of relaxation on these parameters.  

In UTRAN the mechanism allows alternative RAB values to be specified in the Relocation Request message from the CN to the target RNC.  The target RNC then responds with the “Assigned RAB parameter Values” in the Relocation Request Ack message.  

If any parameters are allowed to be negotiated, it should be limited to the maximum and guaranteed bit rate.  However, it is an open point as to whether we wish negotiation to be allowed on the Gb interface.  It is suggested that parameter negotiation is not supported for the first standardisation of PS Handover but that it is considered how this might be achieved in later work.  

6. Additional Information Required in the Handover

This section shows how the handover information can be conveyed in the suggested message flow for the Inter-SGSN PS Handover case.  The proposed methods of dealing with bearers subject to handover are mapped onto the call flow to show how information is transferred between network entities and where decisions are made.  

Figure 1 shows the Preparation Phase of an Inter-SGSN PS Handover as described in [1].  The sequence of messages (2, 3 and 4) highlighted in this figure show how a Source BSC to Target BSC transparent container can be passed without the CN being involved.  
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Figure 1
PS Handover - Preparation phase

Also, steps 6 and 7 in Figure 1 together with step 4 in Figure 2 show how information in a Target BSC to Source BSC transparent container can be transported without CN involvement.  

Taking the proposals made in this paper and mapping them to this call flow, the following steps highlight the interactions between network entities for the issues discussed.  

Step1 – The source BSS determines whether a handover should be triggered based on whether there is one or more PFCs whose QoS parameters (and possibly on operator policy/threshold) indicate that PS Handover should be applied.  .  

Step 2 – PS Handover Required is sent to the old SGSN.  

Step 3 – The old SGSN passes all Mobility Management and PDP Context information to the new SGSN regardless of whether the individual PFCs are subject to handover or not.  

Step4 – The PS Handover Request includes the list of all PFCs to be set-up based on the PDP Context information in the SGSN.  In the case of QoS negotiation this list may also contain the alternative values for Maximum and Guaranteed Bit rate.  

Step 5 – The target BSC attempts to set-up all PFCs in the list.  Those PFCs that meet the QoS requirements for being subject to handover will also be set-up with TBF resources.  The BSC will use an implementation dependent algorithm to decide which PFCs have priority if resources are limited.  

In the case of negotiation the target BSC can decide to reduce the QoS within the limits of the alternative values for Maximum and Guaranteed bit rate and return these values to the new SGSN.  

Step 6 – The list of set-up PFCs (including any changed parameter values if negotiation has occurred) and those that have failed to be set-up is passed back to the new SGSN in the PS Handover Request Ack message.  The target BSC will also indicate which PFCs are “subject to handover”. 

This information (including the subject to handover indicator for each PFC) can be forwarded to the old SGSN in order to allow it to set-up the data duplication if required. 

Step 7 – New SGSN forwards the list of PFCs, including the subject to handover indicator, in the Prepare PS Handover Response message to the old SGSN.  The old SGSN sets up data duplication.  

Referring to Figure 2, the following steps relate to information flows.  Note that the call flow has been modified from that presented in [1] as the introduction of the explicit RAU means that the release relay tunnel messages are no longer required.  The cancel location message can be used to release the tunnel.  

Step 3 – Note that this shows the earliest time that N-PDUs are forwarded towards the MS in the target cell even though the MS has not yet made an access in the target cell.  

Step 4 – The old SGSN sends the list of PFCs that have been accepted for PS Handover in the target BSS to the source BSS.  At this point the source BSS may decide to fail the handover if some important PFCs could not be set-up depending on policy.  This is an open issue.  

Step 10 – Note that it may be possible to apply the optional security functions at a later part of the call flow (perhaps together with the RAU).  
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Figure 2
PS Handover - Execution phase

7. Conclusions

A number of issues relating to the criteria for handing over bearers in the PS Handover procedure have been discussed and some solution proposed.  Some open issues remain.  

It is proposed that all context information (PDP Context in the CN and PFCs in the RAN) are transferred to the target network elements regardless of the QoS for each PFC.  

The basic proposal is that the source BSS decides whether a PS handover is required but the target BSS decides which PFCs should be given special treatment (real time) and indicates this to the SGSN in order that data duplication can be established.  

The proposed behaviour for PS Handover relating to the issues discussed in this document is summarised below:

· All PDP contexts and PFCs relating to the MS should be provided in the target side network elements regardless of their QoS.  

· It is the PFC that is subject to handover.  

· The target BSS should make the decision on which bearers to handover based on QoS information, the MS RAC and BSS capabilities. 

· The target BSS must inform the SGSN which PFCs are subject to handover so that SGSN duplication can be set-up where needed.  

· A TBF should always be pre-established (where resources are available) in the target cell for PFCs subject to handover in order to reduce the service interruption time.  

· If the MS requests a new TBF after the source BSS has initiated the preparation phase of the handover, it should be rejected.  

· Bearers for an MS that undergoes the handover process, which themselves are not subject to handover should not have TBFs established in advance.  

· How the target BSC decides which PFCs to set-up and which to reject should be implementation specific.  

· Negotiation of QoS parameters should be allowed at handover but only for the maximum and guaranteed bit rate parameters.  Although this feature may not be defined in a first phase of standardisation.  

Open issues raised in this document include:

· Is it possible/desirable for bearers that are non real-time but are related to a real time bearer (e.g. SIP signalling related to conversational) to be treated in the same way as the real time bearer.  

· If the target cell cannot support all PFCs that are subject to handover, should the handover fail allowing the source BSC to try another cell or should the handover succeed for the PFCs that can be supported?   
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