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Handling TBFs in PS Handover
1. Introduction

Many issues relating to the core network signalling for PS Handover have been discussed in detail and are at a relatively mature level.  However, less attention has been paid to the RLC/MAC issues.  This paper identifies some of the outstanding issues and indicates some of the alternative solutions that could be adopted.  
It is essential that these issues are considered so that an appropriate solution can be found for release-6 that can be built on in enhancements for release-7.  

2. Outstanding Issues
This section addresses the different RAN related issues that have not yet been fully defined in the PS Handover work.  
2.1. PACCH Message
Problem: How do we handle RLC/MAC control messages and TBF related timers when active TBFs are subject to PS Handover, as one end-point (the MS) remains the same whereas the other end-point (the BSS) changes?

RLC/MAC control messages on PACCH may be sent in parallel and are identified by the Radio Transaction Identifier (RTI).  The RTI is not only used to identify messages sent in parallel but also to group together multiple segments of a single message.  

If RLC/MAC control transactions (such as the MS requesting further uplink TBFs) are only partially completed then many potential error cases have to be investigated and defined.  For instance the MS may have sent a Packet Resource Request whilst it was in the source cell and will not receive a response in the target cell.  Under current RLC/MAC behaviour this would lead to abnormal release after four attempts to retransmit the message.  
Whilst the length of timers may be sufficient to bridge the service interruption time gap in the case of a successful PS Handover, there at least remains the problem of handling a failed PS Handover in the case that the MS attempts to access the target cell but for some reason has to drop back to the source cell.  

Solution 1:  One solution is to define the behaviour of the MS and BSS for all possible error cases to avoid dropping of PS Resources.  However, this seems to be overly complex leading to many test cases.  
Solution 2:  At a defined point in the preparation phase of the PS Handover procedure, the MS should discard any RLC/MAC control messages partially received and stop all associated timers.  Outstanding UL TBF requests should be treated as implicitly rejected.  Further RLC/MAC control messages shall not be sent by either the MS or the BSS except for those relating to the PS Handover procedure itself.  

However, this leads to the question of when the MS knows that PS Handover is happening (i.e. the preparation phase).  Currently the MS is unaware of this part of the procedure.  It is therefore proposed that a new message be introduced into the preparation phase.  
Figure 1 shows the possible addition of a new RLC/MAC control message called “PS Handover Started”.  The purpose of this message is to inform the MS that the network has started the PS Handover procedure.  On receipt of this message the MS will stop initiating any further RLC/MAC control messages except those relating to the PS Handover procedure.  This message can also be used to trigger TBF specific behaviour (e.g. possibly suspending timers) that might be needed in order to allow the desired behaviour for PS Handover.  
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Figure 1
Handover Preparation Phase; Inter SGSN case (GERAN A/Gb ( GERAN A/Gb)

Solution 2 does not address the handling of some of the timers such as T3182 which is started after the MS has sent the last block (CV=0) for an UL TBF.  If the MS moves to the new cell before the PACKET UPLINK ACK/NACK is received, the MS may end-up performing an abnormal release.  Situations such as these require further analysis before stage 3 can be fully specified.  
2.2. TBF Assignments and PS Handover Command Size
The working assumption for AM RLC is that the TBF will be restarted (no state information such as acknowledgements and current window will be transferred) in the new cell with a new RLC instance.  For UM RLC the TBF will be continued (state information such as countdown value in the mobile will continue from values used in the old cell) in the target cell.  In both cases the MS needs to know all the information associated with the assignment before data transmission can begin in the target cell.  
Problem: A significant amount of information is needed in order to describe the TBF and its resource allocation in the target cell which adds to the size of the PS Handover Command.  How can this information be minimised in the PS Handover Command?
The information fields present in assignment commands such as PACKET UL/DL ASSIGNMENT, MULTIPLE TBF UL/DL ASSIGNMENT, PACKET TIMESLOT RECONFIGURE or MULTIPLE TBF TIMESLOT RECONFIGURE will generally be required for each TBF belonging to a PFC that is to be handed over.  

However, it could be argued that for some TBFs (based on direction or on the service that they are being used for) some of this information can be provided in the target cell at the expense of a small increase in service interruption time.  
Solution 1: Reserve resources for all TBFs associated with PFCs subject to PS Handover but don’t specify all parameters for all TBFs in the PS Handover Command.  One option would be to send a Multiple TBF Timeslot Reconfigure message with the missing information in the new cell as a mandatory first PACCH message for all TBFs not fully specified in the PS Handover Command.  The MS would probably need to acknowledge this message in some way to ensure its reception.  In particular, DL TBFs may be considered of more importance to UL TBFs and some further (minimal) service interruption may be considered as acceptable for these UL TBFs with the advantage of reducing the size of the PS Handover Command and increasing the overall performance for the DL TBFs.  
Some initial ideas on which fields could be left for allocation in the target cell (for some TBFs) is given in Table 1.  

	Field Name
	Possible Allocations

	TBF mode – GPRS or EGPRS
	Allocated in PS HO Command

	USF
	Allocated in PS HO Command or target cell

	Uplink TFI
	Allocated in PS HO Command or target cell

	PFI
	Allocated in PS HO Command

	Packet Timing Advance
	(TAI and timeslot number) Allocated in target cell

	Power Control Parameters
	Allocated in PS HO Command

	Frequency Parameters
	Allocated in PS HO Command

	Timeslot Allocation
	Allocated in PS HO Command

	Channel Coding
	Allocated in PS HO Command

	TLLI_BLOCK_CHANNEL_CODING
	Allocated in target cell

	EGPRS Window Size
	Allocated in target cell

	USF Granularity
	Allocated in target cell

	Resegment
	Allocated in target cell


Table 1

TBF Parameters and their allocation in Source or Target Cell

For instance, it is clear that any parameters relating to continuous timing advance do not need to be allocated straight away and can therefore be left out of the PS Handover Command.  

Another option to consider is to provide a default value of the EGPRS window size to be used as a starting point in the target cell which can be updated via an assignment command in the target cell.  

Solution 2: Specify all parameters for all UL and DL TBFs relating to PFCs that are subject to handover in the PS Handover Command.  This is probably simpler to specify but may lead to a large PS Handover Command and the resulting poor performance.  
2.3. Blind Transmission

Problem: It is currently FFS as to how the mobile station should respond when it receives downlink data which polls for a response prior to the mobile synchronising with the target BSS.  

Solution 1: Make the BSS responsible for not polling until synchronisation is complete.  

Solution 2:  The mobile could ignore such messages until some indication of synchronisation complete.  This is a problem as it is difficult for the mobile to know when the synchronisation procedure is complete.  

Another issue relating to blind transmission is how long the BSS spends sending downlink data before a failure is recognised in the target cell.  
2.4. Target Cell System Information in Source Cell
Problem: The mobile needs to have a basic set of (P)SI related to the target cell in order for it to continue in Packet Transfer mode in the target cell after PS Handover.  In order to reduce the service interruption time this (P)SI information should be passed to the mobile whilst it is still in the source cell.  How is this information passed to the mobile?  
Solution 1: The existing target to source container can be used to provide (P)SI information to the MS.  However, this information will be needlessly sent across the network every time a PS Handover occurs wasting CN bandwidth and processing power.  In addition, this solution also has a disadvantage in that the (P)SI will arrive in the source cell at the same time as the information required to assemble the PS Handover Command.  Waiting for the source cell to transmit this (P)SI information on PACCH will delay the handover. 
Solution 2: The target cell (P)SI can be sent to the source BSC (in the case of inter-BSC handover) via a RIM application when this information changes.  In this way it is available prior to the receipt of the PS Handover Command from the old SGSN and can be transmitted to the MS before the PS Handover Command thereby improving the overall performance of the PS Handover.  
Solution 3: The (P)SI information could be sent on PACCH in the target cell rather than in the source cell.  However, this is against the current principles in the standards whereby the mobile must have received certain GPRS information regarding the cell capabilities before it is allowed to be in Packet Transfer Mode.  

In order to reduce the amount of information required, it may be possible to limit the (P)SI information to that contained in PSI 14 as this is analogous to DTM case.  
2.5. Compression of PS Handover Command

Problem: The PS Handover Command could become quite large which may significantly affect the performance of the PS Handover.  

There is a valid concern over the size of the PS Handover Command and its impact on handover delay.  This could be reduced by the use of some form of compression on the command.  For instance Run Length Compression could be considered but this is unlikely to yield much benefit for “random” data, as it is much better for large blocks of ones and zeroes.  

Solution 1: The use of some form of data compression could be considered such as the payload compression described in SNDCP.  However, this would have impacts on the BSS and more particularly the mobile which would have to implement the decompression and may cause some extra delay in processing the message.  If this feature were to be optional for the MS and network, there would be variable performance for the PS handover feature which would not give a good service.

Solution 2: The use of relative (delta) encoding for some of the elements of the PS Handover Command message could be considered.  For instance the frequency parameters can be expressed relative to those currently being used.  Where information fields are the same a single bit indication or even missing out that part of the message may be enough.  
2.6. Handover Failure

Some issues have not been clearly defined regarding the case where the handover fails in some regard.  

Problem: How does the MS send in the old cell if the handover fails and it has to drop back – does the BSS continue to schedule the UL TFIs and if so for what period of time?

Problem: After handover failure is sent can the MS immediately request new TBFs on the old resources?  If the BSS does not respond then the MS will perform an abnormal release.  
Problem: If the PS Handover Command contains a starting time, does the MS continue to transmit and receive in the old cell up to the starting time? 

Problem: What happens if MS does an abnormal release during the handover preparation phase?  

Solution: One partial answer to this problem is to mandate that the MS shall not perform abnormal release during the PS Handover procedure.  
3. Conclusion

This paper has shown that there are still some unresolved issues relating to the handling of TBFs in the case of PS Handover.  For some issues solutions have been proposed which should be considered based both on their simplicity and on their impact to the performance of the PS Handover procedure itself.  
Some issues are for further study but attention should be paid to these issues in release 6 otherwise there is the danger of introducing a feature that does not work properly or has poor performance.  The danger is that release-7 enhancements will be built on release-6 features whether they are optimal or not.  
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