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Open Issues with enhanced Gb PS Handover

1. Introduction

This paper discusses some of the open issues associated with PS handover.  It analyses the solutions that have been raised already in the feasibility study and suggests some preferred options as a way forward.  

The paper is split into three main sections.  The first two deal with issues associated with the PS handover procedures, addressing the different sorts of handover (inter-SGSN, intra-SGSN and intra-BSC).  The third main section specifically addresses the requirement for reduced packet loss during cell change for streaming services.  

In this paper we distinguish between handover and cell reselection in the PS domain with the following definitions:

PS Handover is a procedure that requires the preparation and reservation of network and radio resources before the MS changes to a new cell.  PS Handover is focused on services that require minimum service interruption time and in order to achieve this requires significant interaction with the CN and RAN.  

Cell reselection is defined in this paper as the procedure whereby an MS selects a cell to move to (with or without assistance from the RAN) based on radio measurements.  In cell reselection there is no reservation of resources in the target cell or CN prior to the initial access.  

2. Intra-SGSN and Inter-SGSN Handover

A lot of work in the eGb feasibility studies so far has focussed on the Inter-SGSN Handover (see [1] and [5]) as this represents the more complex case.  In both intra-SGSN and inter-SGSN handover the situation may arise where the RA changes.  In such circumstances the MS will initiate a Routing Area Update procedure with the SGSN.  

It is strongly pointed out that the RAU procedure and the handover procedure should be completely separated from each other, as is the case with the current standards.  

2.1. P-TMSI/TLLI Handling

It seems to be generally agreed within the GERAN community, as identified in [4], that there is a need to allocate the new P-TMSI whilst the MS is in the source cell (before it moves to the target cell) in the case of PS handover when RA changes.  This allows the MS to generate a valid TLLI, which it can use straight away in the target cell.  It may also be possible to use another valid TLLI such as the Foreign TLLI to allow data transfer before the RAU has occurred.  However, using the Foreign TLLI does not necessarily uniquely identify the MS in the new RA and the allocation of the new P-TMSI in the source cell is the preferred approach.  

The idea to pass the new P-TMSI to the MS in the handover command seems like a good solution for the PS handover.  It is therefore proposed that concept of allocating the new P-TMSI in the source cell be adopted at least as a working assumption for PS handover.  

2.2. Routing Area Update

The other part of the RAU procedure is concerned with updating the location of the MS in the core network so that it can be paged in the PS domain.  There seem to be two options 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 reduced RAU procedure after handover (similar to the reduced RAU performed after handover/relocation for Iu mode)

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 handover.  This has the effect of binding the handover and RAU procedures together rather than separating the MM and call handling parts.  The implicit RAU procedure has the following disadvantages:

· Considerable impact on the CN procedures is expected as the new RAU procedure must be handled in addition to the existing RAU procedures.  

· Significant changes to the standards must be made in order to define the new procedures

· Extra error case handling must be specified.  For instance how is the information relating to one of Routing Area Update retransmitted if it is corrupted?  Is it re-transmitted in the relevant handover message? Should the handover fail because of corrupt or incorrect routing area update 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 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.  

The principle of starting a RAU procedure before it is certain that the MS is in the target cell 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 is new behaviour and should be avoided for reasons of complexity, increased standardisation time and testing effort.  

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 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.  

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.  

It is therefore strongly recommended that the handover and RAU procedures 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.  

2.3. SNDCP and LLC behaviour

As indicated in [6], in the case of inter-BSC/inter-SGSN handover, one possibility is for the LLC and SNDCP parameters to be re-negotiated with the new SGSN after the handover has been completed.  This can lead to excessive service interruption time and should be avoided if possible. However, it is also possible (in principle) to transfer XID parameters (e.g IOV-UI) to the MS in the preparation phase of the handover.  It may also be possible to define a default set of parameters that match the conversational service to avoid negotiation of parameters.  It is currently not clear which of these procedures should be supported and further work on this topic is required.  

In other cases (intra-BSC/intra-SGSN and inter-BSC/intra-SGSN) the LLC and SNDCP contexts should remain the same as the SGSN does not change.  It also seems feasible to re-use the same N-SAPI, SAPI and PFI values in all types of PS handover.  

The principle of defining a default set of SNDCP and LLC parameters optimised for the conversational service to avoid the delay involved with XID parameter negotiation is endorsed.  However, it should be carefully investigated as to which values should be chosen.  Also consideration should be given to the idea of defining a small number of profiles in all SGSNs (mandatory support).  When a bearer is set-up, one of these profiles is negotiated with the MS.  Thus when the SGSN changes, it is only the profile reference that needs to be transferred to the new SGSN.  This approach avoids having to fix default parameters forever.  It avoids renegotiation at SGSN change and reduces the amount of data transferred between SGSNs.  

3. Intra-BSC Handover

In the case of intra-BSC handover, some optimisations of the procedure should be considered, as this is likely to be the most frequent type of PS handover.  

It should be possible to take advantage of the fact that the BSC does not change in the case of intra-BSC handover in order optimise the procedure and reduce the signalling load on the CN.  Simply using the same message flows as in the Inter-SGSN case is not optimal.  Some further work in this area is presented in [7].  

4. Reduced Packet Loss on Cell Change

It is currently being discussed as to the need for PS handover procedures for streaming services.  However, it does appear to be a requirement that such services have a relatively low packet loss rate.  This is especially true of streaming services that have to utilise relatively low bandwidth and thus make use of significant amounts of compression.  In such cases even low levels of packet loss may impact the QoS experienced by the user.  As the considerations on QoS parameters are still ongoing, the exact requirements are to be discussed, but in general streaming services require low loss rates but have higher tolerance to end-to-end delay than conversational services.  

For conversational services, it is widely agreed that there is no time available for re-transmissions and therefore LLC unacknowledged mode will be used.  For streaming services it can be debated as to whether LLC UM or LLC AM should be used.  Compared with the effort involved in the introduction of a new LLC frame forwarding mechanism, the use of LLC AM with the appropriate protocol parameters may provide the same results with much less effort.  

However, cell re-selection with LLC unacknowledged mode may lead to packet loss especially when the PCU is changed.  Thus a new procedure to reduce packet loss during handover/cell reselection has been proposed in [3].  In fact two variants of this proposed mechanism are presented.  The first version of this proposal involves the old BSS sending copies of LLC PDUs that have not been fully acknowledged or are queued back to the SGSN for onward transmission to the new BSS in response to the FLUSH-LL message.  In the second variant, the SGSN stores the LLC PDUs and is told by way of reference which ones need to be resent.  

Both of these mechanism are new and require additional functionality in the RAN and the CN.  In the first option extra bandwidth is required on the Gb interface and in fact several packets may be required in order to convey all the queued and unacknowledged data stored in the BSS to the SGSN.  Additionally, the SGSN must halt downlink data transmission until these packets have been retrieved and then append them to the front of the appropriate queue.  This procedure will increase the delay in downlink transmission, which should if anything be reduced.  

The second option is better in terms of reducing the bandwidth on the Gb interface but implies that all LLC frames (even for LLC UM) must be stored in the SGSN with some form of PDU lifetime functionality.  This is considerable effort for the SGSN to treat all data in this manner and is in fact not required for some forms of data such as conversational services using LLC UM.  In effect this option represents a third type of LLC which may not be necessary as LLC AM was designed to provide virtually loss-less data transfer in the first place.  In fact both of these proposed mechanisms somehow duplicate functionality already provided by LLC AM.  

The need for a special mechanism to reduce packet loss during handover/cell reselection seems to be premature when it has not been shown that LLC AM cannot be used.  LLC AM is a sophisticated protocol with a number of options including selective acknowledgement, timers for retransmission and control over the maximum number of retransmissions.  Such parameters can be optimised for services such as streaming where for instance the maximum number of re-transmissions can be limited to 2 or 3.  It may also be possible to enhance LLC AM with minor modifications to improve performance in the case of cell change. 

It is recommended that the use, and possible optimisation, of LLC AM be investigated for use with streaming services before a completely new mechanism is introduced.  

5. Conclusions

There is no need for both a “lossy” and near loss-less PS handover for conversational services as proposed in [5].  The bi-casting “lossy” approach should be sufficient for conversational services.  For streaming services, acknowledged mode LLC can be used in conjunction with cell reselection procedures to ensure no data is lost (within reasonable bounds) as there is considerably more delay budget allowed.  If it is found that there are LLC AM is not suited for services requiring low loss rate (such as streaming), it should first be investigated as to whether modifications to LLC AM can be made to solve such issues before considering completely new solutions.  

There seems to be no reason identified so far that PS handover is required for streaming services and therefore PS handover should only be pursued in regard to conversational services.  In the case of streaming services, some investigations into the service interruption time caused by the NACC procedure are provided in [8] where some further ideas on reducing this time can be found. 

For PS handover, where RAU is required, it is recommended that an explicit RAU procedure is used which is decoupled from the handover procedure as is the case within the 3GPP systems up to now.  This approach avoids a drastic increase of the complexity in the CN, reduces the amount of standardisation work and increases resource efficiency in the network with respect to the approach described in [2].  

6. References

[1]
Issues relating to PS Handover on an enhanced Gb; Ad Hoc on A/Gb Evolution, Kista, Sweden, June 11th – 13th, AHAGB-006 

[2]
A Logical Routing Area Update; GERAN #11, Los Angeles, USA, Aug 26th – 31st, GP-022478 

[3]
Improved Packet Recovery Support for enhanced Gb; GERAN #11, Los Angeles, USA, Aug 26th – 31st, GP-022482 

[4]
PS Handover P-TMSI and TLLI Handling; GERAN #11, Los Angeles, USA, Aug 26th – 31st, GP-022486 

[5]
PS Handover in A/Gb mode Signalling; GERAN #11, Los Angeles, USA, Aug 26th – 31st, GP-022476
[6]
PS Handover impact on SNDCP and LLC; GERAN #11, Los Angeles, USA, Aug 26th – 31st, GP-022477
[7]
Intra-BSC Hanover for eGb; GERAN #11bis, Atlanta, USA, Oct 7th – 11th, G2-020709
[8]
Considerations on Service Interruption Time; GERAN #11bis, Atlanta, USA, Oct 7th – 11th, G2-020765
















G2-020711 
Open Issues with enhanced Gb PS Handover

4 (5)


